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Preface

As mentioned in the ancient textbooks of Ayurvedic medicine, inflammation was 
known to Ayurvedic physicians of the Indian Peninsula already back in 1 500 BCE 
and in 600 CE as a manifestation of a disease. They characterized inflammation as 
an elevation, swelling or edema, heaviness, and pain. After this, in 5 CE, a Greek 
physician introduced the term edema for inflammation. Later on, Aulus Cornelius 
Celsus (30 BCE–38 CE) described inflammation with four cardinal signs, that 
is, redness (rubor), elevated heat (calor), swelling (tumor), and pain (dolor), as 
occurring during acute inflammation in response to the localized acute infection 
or trauma. These four signs are known as Celsus tetrad of inflammation. Galen and 
later on Virchow (1871), with a more precise definition, introduced the fifth sign of 
inflammation called loss of function (functio lasea) of the affected organ or tissue. 
The modern term inflammation is derived from the Greek word inflammare,  
meaning to set on fire.

The present book aims to discuss in detail the pathogenesis of inflammation, in a 
sterile context and infection-induced inflammation along with advances in its 
management. The 1st chapter “Introductory Chapter: The Journey of Inflammation 
and Inflammatory Disease Research - Past, Present, and Future” discusses the history, 
present studies and future directions of research focused on inflammation and 
inflammatory diseases. The 2nd chapter titled “Prolouge: Initial Approach to Edema” 
introduces the topic of edema. The 3rd chapter titled “Peripheral Edema: Differential 
Diagnosis” describes the pathogenesis of peripheral edema, including the lower 
limb edema in different conditions, differential diagnosis, and management. The 
4th chapter “Edema Induced by sPLA2 from Crotalus durissus terrificus Involves 
PLC and PKC Signaling, Activation of cPLA2, and Oxidative Stress” discusses the 
pathogenesis of edema induced by Crotalus durissus terrificus involving phospholi-
pase C (PLC) and protein kinase C (PKC) as signaling molecules. The 5th chapter 
“Edema Management in Oral and Maxillofacial Surgery” discusses the management 
of edema observed during oral and maxillofacial surgery. This chapter is crucial 
as edema is seen in patients who underwent surgery. The 6th chapter “Neutrophil 
Counts and Rates in Otorhinolaryngology” discusses the importance of neutrophils 
(potent innate immune cells playing a crucial role in the inflammatory process) in 
otorhinolaryngology. The 7th chapter “Neutrophil Gelatinase-Associated Lipocalin 
as a Promising Biomarker in Acute Kidney Injury” discusses the use of neutrophil 
gelatinase-associated lipocalin (NGAL) as a potential marker for acute kidney 
injury (AKI). The 8th chapter “The Role of Neutrophil Extracellular Traps (NETs) in 
the Pathogenesis and Complications of Malignant Diseases” discusses the importance 
of neutrophil extracellular traps (NETs) in the pathogenesis and complications of 
malignant diseases. NETs are large, extracellular web-like structures comprised  
of cytosolic and granule proteins assembled on the scaffold of decondensed 
chromatin, having both nuclear and mitochondrial DNA, which trap circulating 
pathogens during microbial infections. The 9th chapter “The Role of Introns for the 
Development of Inflammation-Mediated Cancer Cell” is of importance and discusses 
the role of introns in the transformation of normal cell into cancer cell during 
inflammation. This chapter is intended to discuss the genetic changes involved in 
the transformation of normal cell into cancer cell during chronic inflammation,  
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as chronic inflammation is one of the causal factors for cancer development. The 
10th chapter “Celiac Disease” discusses celiac disease (a chronic inflammatory 
disease of the gut) which incidence is increasing due to modern lifestyle. The 
11th chapter “Sialoendoscopy in Juvenile Recurrent Parotitis That Could Be Primary 
Pediatric Sjogren’s Syndrome” discusses the use of sialoendoscopy in juvenile recur-
rent parotitis that may be a primary pediatric Sjögren’s syndrome (an autoimmune 
disease). The 12th chapter “Inflammation in the Pathogenesis of Rheumatoid Arthritis 
and in Experimental Arthritis: Evaluation of Combinations of Carnosic Acid and 
Extract of Rhodiola rosea L. with Methotrexate” discusses the use of carnosic acid 
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an autoimmune disease primarily affecting small joints, and the involvement of 
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in the pregnancy outcome. The 14th chapter “Non-Allergic Rhinitis” discusses nonal-
lergic rhinitis that occurs independently of allergen exposure and the diagnosis and 
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and the disease links to the different cutaneous inflammatory conditions. The 
17th chapter “Helminth Induced Immunomodulation against Metainflammation and 
Insulin Resistance” discusses the suppression of chronic inflammation associated 
with meta-inflammation and T2DM via helminthic infections through inducing 
immunomodulation. Hence, the current book will prove beneficial to audience 
interested in the wide aspect of inflammation and inflammatory diseases.
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Chapter 1

Introductory Chapter: The 
Journey of Inflammation 
and Inflammatory Disease 
Research - Past, Present, and 
Future
Vijay Kumar

1. Introduction

Inflammation is known to ancient Indian Ayurvedic physicians dating back to 
1500 BC that is well described in ancient Ayurvedic medicine textbooks (Charaka 
Samhita, Susruta Samhita, and Astanga Samgraha) [1]. Inflammation and the associ-
ated edema have gotten attention in Ayurveda as a pathological manifestation of 
the disease [2, 3]. Ayurvedic medicine mentioned inflammation in different ways, 
which include Shotha and Shopha, and many other terms (Svayathu, Utsedha, and 
Samhata) [2]. Ancient Ayurvedic medicine practitioners characterized inflamma-
tion in different ways, including elevation, edema, heaviness, and pain. The Greek 
physician, Hippocrates in the 5th century BC coined the term edema. Furthermore, 
Later on, Aulus Celsus (30 BC-38 AD) described the four major signs of inflam-
mation, which include Rubor, Calor, Tumor, and Dolor [4]. Galen, the Roman 
physician introduced the fifth sign of inflammation as loss of function. However, 
Virchow in 1871 more precisely described the function laesa (loss of function) sign of 
inflammation [5, 6].

The modern terminology of inflammation has been derived from the Latin word 
inflammare (to set on fire) [6]. Now inflammation is considered as a host-generated 
protective host immune response in response to acute trauma or pathogens or their 
PAMPs (pathogen-derived molecular patterns) to contain the damage or to remove/
kill the pathogen [7]. The inflammation pathogenesis is a complex process involving 
the network of cellular and molecular signaling to restore homeostasis and induce 
tissue/organ repair and regeneration. However, any dysregulation of the inflam-
matory process may lead to the development of severe inflammatory conditions, 
including systemic inflammation and sepsis (during infection). Furthermore, any 
persistent inflammation (staying for months and years) may cause chronic inflam-
matory disorders (cancer and autoimmune diseases) [8–10]. The cellular compo-
nents of the immune system (macrophages, neutrophils, mast cells, dendritic cells 
(DCs), T cells, and B cells etc.) play a central role in the process of both acute and 
chronic inflammation involve (Figure 1) [11–14].
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2.  Pattern recognition receptors (PRRs) in inflammation and 
inflammatory diseases

The receptors expressed by these immune cells called pattern recognition 
receptors (PRRs) (Figure 1) are present on the outer surface of the cell membrane 
as well as in the cytosol, including different toll-like receptors (TLR1-TLR13 in 
mammals, including humans), intracellular PRRs (NOD [Nucleotide-binding and 
oligomerization domain])-like receptors (NLRs; NOD1 and NOD2), absent in 
melanoma-like receptors (ALRs, AIM2), and many more mentioned somewhere 
else recognize the potential pathogen and/or inflammogen to mount a protective 
inflammatory immune response [1, 15–17]. The intracellular proteins (NLRC1 
or NLPR1, NLRP3, NLRC4, pyrin, and AIM2 or absent in melanoma 2 that rec-
ognizes cytosolic DNA) form an inflammatory complex called inflammasome 
upon recognition of intracellular threat (damage-associated molecular patterns 
or DAMPs). The inflammasome also becomes activated upon the recognition of 
external danger called pathogen or microbe-associated molecular patterns (PAMPs 
or MAMPs) and DAMPs by cell surface PRRs, which signal these inflammasome 
proteins to activate and stimulate another cascade of inflammation resulting in 
the release of pro-inflammatory cytokines (IL-1β, IL-18, and IL-33) and the cell 
death called pyroptosis that further aggravates the inflammatory process [18]. 
The details of inflammasomes in inflammation and inflammatory disease are 

Figure 1. 
Schematic representation of immune cell activation in response to different pathogens, PAMPs, MAMPs 
through interacting with different PRRs (mentioned in the text) to generate inflammatory immune response. 
This immune response is governed by immunometabolic reprograming, epigenetics, miRNAs, and the release of 
extracellular vesicles or exosomes, which directly or indirectly interact and affect each other.
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mentioned somewhere else [18, 19]. The activation of cell surface PRRs, including 
TLRs (TLR2 and TLR4), may activate the inflammasome or TLRs and inflamma-
somes work in cooperation to control the inflammatory process [20, 21]. Another, 
cytosolic PRR system called cGAS (cyclic GMP-AMP synthase, recognizes cytosolic 
dsDNA)-stimulator of interferon genes (STING) pathway recognizes cytosolic 
dsDNA and induces the synthesis of type 1 interferons (IFNs) [22, 23]. The 
over-activation of this pathway is involved in different autoimmune and auto-
inflammatory diseases, along with other inflammatory conditions discussed in 
detail somewhere else [22–24]. The details of inflammatory pathways mediated by 
TLRs, inflammasomes, cGAS, and other PRRs have been discussed by the author 
somewhere else in detail [1, 18, 21, 22, 24–27].

3. Immunometabolism in inflammation and inflammatory diseases

Like, other non-immune cells, immune cells also have their energy demand that 
plays a crucial role in the maintenance of immune homeostasis and the mounting of 
the immune response to protect against invading foreign agents, including the patho-
gen and allergen. The metabolic changes occurring in immune cells from their nor-
mal/control stage (absence of inflammogen, pathogen, PAMPs, MAMPs, or DAMPs) 
to their activation or activated stage is called immunometabolic reprogramming 
[28]. Hence, the metabolic pathways governing or regulating the energy demand 
of immune cells to maintain immune homeostasis is called immunometabolism 
[28]. The metabolic demand of immune cells increases during the inflammatory 
process and reprogramming of different metabolic pathways governing the immune 
function takes place that depends on the immune cell type and the inflammatory 
conditions (Figure 1) [29]. The author has described immunometabolism of differ-
ent immune cells and their immunometabolic reprogramming and its therapeutic 
targeting during inflammation and inflammatory diseases elsewhere [1, 30–35].

4. Epigenetics in inflammation and inflammatory diseases

Epigenetics (deals with the reversible impact of behavior and environ-
mental factors on our genetic machinery without changing the DNA sequence. 
However, it may change the way of reading the genetic information coded by the 
DNA) also plays a crucial role in the inflammatory process and inflammatory 
diseases. The most frequent epigenetic changes involve aberrant DNA methyla-
tion and histone acetylation and deacetylation. The enzymes (arginine and 
lysine methyltransferases, DNA methyltransferase, histone acetyltransferases 
(HAT), and histone deacetylases or HDAC) involved in the process of epi-
genetics also control the inflammatory process, including airway inflammation, 
atopic dermatitis, and autoimmune diseases [36–41]. The histone modifications, 
DNA methylation, and noncoding RNAs (ncRNAs) have emerged as master 
regulators of gene expression, including the inflammatory genes [42]. The 
targeting of these enzymes, including HAT and HDAC, has shown great anti-
inflammatory potential in diverse inflammatory diseases. However, advances 
in the biological sciences have shown the interaction between epigenetics and 
immunometabolism converges at inflammation and regulates different inflam-
matory diseases, including cancer (Figure 1) [42–45]. Hence, epigenetics-based 
immunotherapies are emerging for targeting chronic inflammatory diseases, 
including cancer and autoimmunity [46].
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5. Extracellular vesicles in inflammation and inflammatory diseases

Extracellular vesicles (EVs) are generated by different cell types, including the 
immune cells to remove cellular waste and communicate with adjacent as well as 
distant cells [47]. These EVs may contain protein, DNA, RNA, micro RNA (miRNA 
or miRs), and cytokines depending on the cell type and cell/tissue microenviron-
ment. The microvesicles (MVs), a kind of EVs released from apoptotic cells are less-
inflammatory than those released from viable cells [48]. These MVs have different 
miRs (miR-155, miR-34b, and miR-34a), which get dysregulated in autoimmune 
diseases, including systemic lupus erythematosus (SLE) in comparison to normal 
individuals. EVs play a crucial role in cell–cell communication in pulmonary inflam-
mation upon exposure to toxicants [49]. EVs also affect immunometabolism during 
diverse inflammatory conditions, including autoimmunity (Figure 1) [50, 51]. The 
different types of EVs, their contents (miRs), and their role in inflammation and 
therapeutic potential, including in sepsis and coronavirus disease-2019 (COVID-19) 
have been discussed somewhere else [47, 52–56].

6. MicroRNAs (miRNA) in inflammation and inflammatory diseases

MicroRNAs (miRNAs) are small non-coding RNAs (typical length, 18–24 
nucleotide long), which are crucial in regulating protein-coding genes via post-
transcriptional repression [57]. They play an important role in regulating innate 
and adaptive immunity from their developmental stages to function during diverse 
inflammation conditions, including cancer and autoimmunity as fine-tuners of the 
system [57–60]. For example, miR-181a and miR-223 are crucial in the establish-
ment and maintenance of immune cell fate [58]. The miR-146 also regulates innate 
immunity through controlling TLR signaling and ensuing cytokine response. 
They (miR-155 and miR-181a) regulate central elements of the adaptive immune 
response such as antigen presentation and T cell receptor (TCR) signaling [58]. 
Chronic inflammatory diseases exhibit altered miR (miR-203 and miR-146) levels, 
indicating their crucial role in immunological pathologies/diseases. The details 
of miRs in immunity and inflammation are discussed somewhere else [59, 61]. 
The emerging evidences have shown the regulation of immune cell metabolism 
or immunometabolism by miRs [62, 63]. The non-coding RNAs (ncRNAs) also 
regulate inflammasome activity controlling the inflammatory immune response 
[64]. More recently an atlas of miR expression in 63 different mouse immune cell 
populations has been generated and connected with an assay for transposase-
accessible chromatin using sequencing (ATAC–seq), chromatin immunoprecipita-
tion followed by sequencing (ChIP–seq), and nascent RNA profiles to establish 
a map of miRNA promoter and enhancer usage in immune cells [65]. This will 
help to delineate the cis-regulatory elements controlling miRNA signatures of the 
immune system.

7. Conclusion

The story of inflammation had started from the Ancient Indian peninsula 
through the Ayurvedic medicine that further developed into its four peculiar signs 
(rubor, tumor, calor, and dolor) and fifth end-stage sign indicating the loss of func-
tion. The development in biomedical sciences, including immunology, cell signal-
ing, pharmacology, epigenetics, and molecular biology or medicine has helped 
to understand the pathogenesis of inflammation (both, acute, and chronic) and 
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associated inflammatory disease, varying from autoimmunity to cancer to severe 
infectious diseases, including the current COVID-19 pandemic. Thus, the long 
journey of inflammation that started dating back to 1500 BC and 600 AD has seen 
significant development in understanding its pathogenesis under diverse condi-
tions and therapeutic advancement. Further studies in the 21st century will open 
new avenues to control and prevent inflammatory diseases responsible for human 
morbidity and mortality.
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Chapter 2

Prolouge: Initial Approach to 
Edema
Alexandro Aguilera Salgado

1. Introduction

Edema is one of the most underrated signs that can be found in many patients. 
The first step is to understand what edema is in order to give this sign the impor-
tance we should. It can be caused by many different situations, so once we find it, 
we must study our patient completely in order to reach an adequate diagnosis and 
start treating our patient correctly.

Edema is the swelling from fluid accumulation at the intercellular tissue origi-
nated from the abnormal expansion of the interstitial fluid volume. Fluid at the 
interstitial and intravascular space is regulated by the gradient between the hydro-
static and the oncotic capillary pressures, so when this balance is altered by local or 
systemic situations, this fluid begins to accumulate [1].

2. Patient history

The approach to edema must begin with a complete interrogation of the patient’s 
background. The history must include the date of the first symptoms, if edema is 
altered by position, if it is unilateral or bilateral, history of previous chronic dis-
eases, substance abuse, drugs used by the patient, and any other symptoms related 
to the appearance of edema. With these simple questions, we can get an initial idea 
of the diagnosis.

The acute onset of edema of less than 72 hours is more characteristic of deep 
venous thrombosis, cellulitis, popliteal cyst rupture, acute compartmental syn-
drome, or the use of calcium channel blockers. Also, stasis can play an important 
role in this acute setting as in venous insufficiency, venous obstruction, or lym-
phatic obstruction. On the other hand, the chronic onset of edema can be seen with 
the appearance or as a complication of chronic diseases like chronic cardiac insuf-
ficiency, pulmonary hypertension, and thyroid, renal, or hepatic disease.

3. Physical exam

We must include a complete physical exam in every patient, in order to inves-
tigate and rule out every possible cause of edema. For example, if we are thinking 
the cause of edema in our patient to be cardiac insufficiency, we must look for rales 
or crackles, dyspnea, cyanosis, or any other sign or symptom. Our efforts should 
always be focused on investigating each new sign we can find, so we can further 
investigate them until we have the correct diagnosis.
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4. Diagnosis

Once we have an idea of the possible cause of edema, we can complete our inves-
tigation with some specific studies, like complete blood count, electrolytes, hepatic 
enzymes, albumin, creatinine, urine analysis, glucose, and thyroid stimulating 
hormone [2]. Other additional and specific tests should be indicated depending 
on the clinical presentation, for example, if we are thinking in a cardiac etiology, 
we should order an electrocardiogram, echocardiogram, and chest radiograph. 
Another common study in certain cases when we are thinking of a lymphatic origin 
is a lymphoscintigraphy which can be helpful to distinguish lymphedema from 
venous edema and determine the cause of lymphedema. We have to keep in mind 
every possible situation causing edema as we can see in Figure 1 [3].

5. Treatment

The treatment plan is set once we have an accurate diagnosis [4].

6. Conclusions

As any other signs or symptoms we can think of, edema should be thor-
oughly investigated. In this book, we will find a comprehensive overview of the 

Figure 1. 
Algorithm for the diagnosis of edema.
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mechanisms and pathophysiology of edema formation and the signs and symptoms 
which can be seen in the different types of edema so we can reach an accurate 
diagnosis in order to establish the adequate treatment of this specific situation.
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Chapter 3

Peripheral Edema: Differential 
Diagnosis
Sandro Michelini, Alessandro Failla, Giovanni Moneta, 
Alessandro Fiorentino and Cardone Marco

Abstract

Peripheral edemas can be generated by multiple causes, local and/or systemic. 
The difficulties in recognizing the exact nature of the edema and the cause that 
originates it often lead to erroneous considerations that determine an inappropriate 
therapeutic approach. In this chapter the various causes that generate peripheral 
edema are analyzed (systemic: cardiac diastolic dysfunction, kidney failure, liver 
failure, myxedema, from drugs, and idiopathic; and local: venous and/or lymphatic 
transport insufficiency). They are also described, according to the diagnosis made 
and the clinical and instrumental criteria to attain a correct and early diagnosis and 
to proceed to the most appropriate therapeutic measures (drugs, surgery, physical 
rehabilitative by means of manual and mechanical techniques) in individual cases.

Keywords: peripheral edema diagnosis, edema diagnosis, peripheral edema of limbs 
differential diagnosis

1. Introduction

Lower limb edema recognizes more etiological factors that are frequently 
confused during differential diagnosis. Sometimes there are more causes with 
preponderance of one over the other, either local or systemic.

The doubts in the diagnostic definition derive from an insufficient evaluation of 
clinical symptomatological aspects and of any instrumental and hemato-chemical 
tests performed in individual cases.

From a correct clinical and consequently ethiopathogenetic classification derives 
the most appropriate therapeutic option. Pharmacological, physical rehabilita-
tive, or surgical therapies not inspired by edema correction principles based on its 
ethiopathogenesis may result in therapeutic failure or even in the worsening of local 
or systemic clinical status.

1.1 Description

The causes of edema of the lower limbs are various (local and/or systemic), 
sometimes multiple, and are to be found on the basis of a series of anamnestic and 
semeiological elements that, if properly considered and identified, allow better 
management of the clinical picture [1].

Too often, in fact, even today we are witnessing the diagnosis of lymphostatic 
edemas of lower limbs, ignoring that in many cases the loco-regional lymphatic 
system is normally developed and adequately functional.
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The same monolaterality of edema, by itself alone, allows to address the 
diagnostic suspicions towards a local and non-systemic cause. A systemic cause 
of edema of lower limbs, in fact, always determines bilateral edema (albeit with 
relative prevalence in one of the two limbs), never being unilateral [1].

Therefore, on the one hand, it is necessary to have a clear presence of the 
systemic causes of edema and of the loco-regional ones and, on the other hand, the 
clinical and instrumental criteria which, together, allow to formulate the correct 
diagnosis and to prepare the most indicated therapeutic measures.

2. Causes of edema of the lower limbs

2.1 Local

• Insufficiency of the superficial lymphatic system (the deep one does not 
assume the importance that it has as in the venous system); it can be unilateral 
or bilateral [2–7].

• Insufficiency of the deep venous system (the insufficiency of the superficial 
one is not able to autonomously generate edema, as many subjects with vari-
cose veins of the lower limbs do not have localized or widespread edema and, 
above all, clinically present the feet ‘dry’). In these cases the edema is unilateral 
(post-thrombotic syndrome) [8, 9].

• Lipedema which is normally bilateral and frequently associated with a similar 
clinical aspect of the upper limbs [10–12].

• Inflammatory/infectious states of the soft tissues (joints, tendons, muscles) 
or bones.

• Benign or malignant neoplasms (primitive or metastatic).

2.2 Systemic

• Heart failure (from diastolic dysfunction) [13]

• Hepatic insufficiency [14]

• Acute and chronic renal failure

• Myxedema [15]

• Drugs edema

• Idiopathic edema

Among the loco-regional causes, the most important and frequent is repre-
sented by lymphedema (primary and secondary).

2.3 Lymphedema

Lymphedema derives from an altered (qualitative or quantitative) development 
of the loco-regional system. In primary forms (which may occur at birth or, more 
frequently, in the second, third, fourth, fifth decade of life), an altered development 
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of the lymphatic pathways, an altered lymph-node architectural code (lymphad-
enodysplasia), or an insufficient number of them (often on a genetic basis in the 
development of lymph glandular stations) causes a slowing of the lymphatic return 
that can go as far as the stop of the flow at the loco-regional level. In some cases the 
familiarity for the affection is documented, in others (the so-called sporadic forms, 
because we do not know their existence in other family members), the lymphedema 
appears in the only subject clinically affected without affecting other members of the 
same family nucleus; then there is a third type of primary lymphedema in which the 
edema constitutes only one (and not always the “determinant”) of the various clinical 
aspects of a syndrome (Prader-Willi, Noonan, Proteus, Hennekam, Gorham-Stout).

The secondary forms are sometimes considered primary for the predisposition 
in some subjects to develop secondary edema following certain clinical conditions 
(one example is the “post-mastectomy lymphedema”, which develops in one in four 
woman, while the others remain with the same limb, in volume and consistency, 
throughout their lives, even if they are of the same age and in the same physical 
condition, and undergo the same surgery by the same operator); the genesis and the 
ethiopathogenetic evolution, in these cases, are the same as in the primary forms; 
in these cases, as a result of inflammatory processes, traumas, or, more frequently, 
surgical lymphadenectomy for neoplasms or radiotherapy, the anatomical conti-
nuity of the local lymphatic circulation is lost in an acquired manner so that the 
clinical picture of the lymphostasis is observed. One of the clinical peculiarities of 
lymphedema of the lower limbs is the different progression of stasis along the limb: 
from the more distal portions towards the proximal ones in the primary forms and 
from the proximal ones to the distal ones in the secondary forms (Figure 1a and b).

Lymphedema is characterized by being the only edema with high interstitial 
protein concentration, distinguishing itself for this from all other types of edema 
[16, 17]. The presence of a high rate of proteins in the interstitium determines the 
activation of fibroblasts that increase their production of collagen fibers, induc-
ing more or less early and more or less marked tissue sclerosis. Lymphatic edema, 
therefore, is characterized by an early increase in the consistency of the tissues 
in which it is located and that, in the most advanced clinical stages, can reach the 
wooden consistency. Under these conditions the compression of the skin generates a 
depression (or “pitting test”) that can be “fleeting” or even absent [18–23].

Figure 1. 
Lymphedema of the lower limb: primary (a) and secondary (b).
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For the rarefaction of the arteriolar capillaries which, with the same volumetric 
unit, is carried out in the cutaneous and subcutaneous tissues, the skin color is 
not “rosy” as in the skin of normal limbs but pale. For the same ethiopathogenetic 
reason, the limb skin with lymphedema is colder than of a normal limb [24–28].

The lymphatic system presents some well-recognizable outward signs. The 
lymphatic system communicates us, but often the examiner does not recognize 
the messages sent. An example of this is the location of the primary or metastatic 
cancer in the lymphatic system itself. Sometimes a monolateral edema of the upper 
limb, sent for decongestive complex therapy with the prescription of a manual 
lymphatic drainage cycle for forearm edema and a recent onset, may be the expres-
sion of a symptomatic edema of a metastatic cancer (Figure 2a and b). In these 
cases, an aprioristic therapeutic approach, without the most opportune clinical 
considerations, can fatally delay the care that the patient really needs.

The commonly recognized four clinical stages of the disease are:

• First stage: It is the pre-clinical stage in which there is an undoubted predis-
position to the possible onset of lymphedema (a consanguinity of a patient 
with primary lymphedema, mastectomized with limbs coincident in terms of 
volume and consistency of the two limbs).

• Second stage: The edema is present and regresses partially with nighttime rest 
and decongestive physical treatments.

• Third stage: Elephantiasis with disappearance of the bony and tendon salien-
cies normally present in the affected limb.

• Fourth stage: Elephantiasis complicated by verrucosis, pachydermia, ulcer,  
or tissue changes in the lymphosarcomatosis sense.

In primary forms of lower limbs, there is also a pathognomonic sign that takes 
its name from the person who first described it: the Stemmer sign. Its positivity 
consists in the impossibility to “pinch” with the fingers of the examiner the skin 
of the patient’s toe; you cannot lift it from the underlying bone phalanx due to the 

Figure 2. 
Forearm and hand edema, determined by the presence of metastases of the supraclavicular lymph nodes from 
unknown primitive pulmonary cancer (first clinical manifestation of neoplasia).
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early fibrosis that is generated in the over-factory layers of the tissue itself. The 
diagnosis of lymphedema is clinical (fundamental is the anamnesis and a correct 
objective examination); however, there are some instrumental exams that complete 
the picture, allowing a better definition of the therapeutic approach and the prog-
nostic one. In the primary forms, the lymphoscintigraphy is essential which consists 
of subcutaneous inoculation, at the root of the toes, of some drops of radioactive 
tracer (nanocolloids of albumin labeled with technetium-99) which has a particular 
tropism for the lymphatic system. After inoculation, the patient practices physical 
exercise to allow the tracer to “gain” more quickly the lymphatic pathways. After 
30′, and after 90′, a gamma-chamber performs that uptake of the tracer which, in 
the meantime, is distributed in the lymphatic vessels and lymph nodes of the whole 
lower limb and in the iliac chains. The resulting image provides important mor-
phological indications on the normal/pathological development of the lymphatic 
system allowing better orienting the therapeutic intervention and being able to 
conceive also a prognosis.

The high-resolution ultrasound examination also highlights the thickening 
of the epidermis on the affected side, the increase in thickness of the over-fascial 
layer, and the tissue compressibility that is a function of the more or less developed 
fibrosis.

The ultrasound also allows the monitoring of pharmacological, physical reha-
bilitative, and surgical treatment by comparing the pre- and posttreatment over-
fascial thicknesses.

Videofluoroscopy is more complex and difficult to access because it is not widely 
practiced at a territorial level. It consists of the study of the anatomy physio-lym-
phatic pathology by injection of a dye, the indocyanine green, which flows into the 
lymphatic vessels and allows to visualize the flow in real time (on videoscope) both 
basal and during manual or mechanical stimulation; the lymphangio-MR, even 
less widespread as practiced in very few centers at the international level, allows, in 
more detail, to highlight the entire local lymphatic system and its possible anatomi-
cal defects.

2.4 Venous edema

It is very rare, in contrast to the lymphatic stasis edema, to observe a venous 
edema deriving from the supra-fascial venous compartment. In this sense the 
lymphatic system and the venous system behave in a completely opposite way 
from the clinical point of view. Lymphedema never develops in deep tissues, unless 
congenital dysplasia is located in the deep tissues; it is always located at the supra-
fascial level.

Venous edema, on the other hand, never develops in the supra-fascial compart-
ment (in the clinical practice, it is common to find patients who have large varicose 
veins of the lower limbs, but their feet are “dry”, with no signs of edema.). Venous 
edema is an edema that is located at a deep level (for this reason, it is difficult to 
manage, from the therapeutic point of view, with conventional manual or mechani-
cal drainage techniques). It is located at the sub-fascial level and, in the overwhelm-
ing majority of cases, represents the most striking aspect of the permanent clinical 
picture of a so-called “post-thrombotic syndrome” (Figure 3).

In deep venous thrombosis of the lower limbs, in fact, after thrombotic occlu-
sion of the deep veins, follows more or less precociously a “compensatory” dilata-
tion of the deep collateral and often superficial circle in correspondence of the same 
anatomical district (secondary or symptomatic varices). This muscular imbibition 
(therefore deep) assumes the characters of chronicity and corresponds to the 
permanent edema in which it is not possible to observe alterations of skin color or 
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skin temperature in its correspondence, and the pitting sign is absent and does not 
appreciate changes in tissue texture. In doubtful cases (previous venous thrombosis 
passed “unobserved” from a clinical point of view due to lack of characteristic 
signs and symptoms), a key examination is represented by the computerized 
tomography.

According to the “CT cuts” of the two limbs in comparison with the lymphatic 
edema it is possible to observe an increase in supra-fascial thickness, over-folded with 
the sub-fascial compartment coinciding in the two limbs, in venous edema (from 
deep vein thrombosis); on the contrary, the supra-fascial thicknesses appears coinci-
dent, while the sub-fascial thickness is considerably increased in the affected side.

Symptoms in the post-thrombotic syndrome of the lower limb (in the one-sided 
form) are generally non specific; patients often show paresthesia, rarely pain, 
mostly vague, hardly epicritic, and often associated with protopathic sensitivity.

The so-called venous claudication which consists in pain during walking but 
with a variable free-range of motion (unlike “arterial claudication”), is rare and 
appears in the worsening of the deep venous circulation due to incomplete recanali-
zation of the deep venous axis when the acute phase is past.

Obviously, the high-resolution ultrasound examination in these cases shows 
a relative increase of the sub-fascial layers, and the echo color Doppler of the 
examined districts confirms the outcomes of deep vein thrombosis with frequent 
evidence of parietal sclerosis and partial or total disappeared endoluminal valvular 
structures.

2.5 Phlebolymphedema

Phlebolymphedema represents a particular type of peripheral edema that is 
determined by the contemporary ethiopathogenetic association of venous and 

Figure 3. 
Post-thrombotic oedema of the lower limb.
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lymphatic insufficiency. It is generally present in cancer, due to the simultane-
ous macroscopic and microscopic anatomical involvement of the two venous and 
lymphatic drainage systems of a certain anatomical district8.

The most striking manifestation is a secondary lymphedema of the lower limb 
determined by inguinal or pelvic lymphadenectomy (necessary for compliance with 
surgical criteria of “radical cancer therapy”) associated with a partial or complete 
occlusion of a deep venous vessel of the limb same. In these cases the increase 
in interstitial oncotic pressure determined by the mechanical lymphatic stasis 
(removal of lymphoglandular stations) is associated with a venous hypertension 
(increase of the intravascular hydrostatic pressure in the venous side of the micro-
vascular tissue unit) caused by the occlusion of the main venous axis of outflow 
from the lower limb itself (Figure 4).

2.6 Lipedema

Lipedema is a very common disease in the female population consisting pre-
dominantly of lipid cells that is established in certain specific anatomical districts. 
It has a familiar character with the male that results (as found in several pedigrees) 
in “healthy carrier.” In the lower limbs, the localization can be variable but always 
bilateral; it can be limited to the thighs, but it can also affect the gluteal regions, 
affecting only the legs, affecting the thighs and legs, or involving, in addition to 
these, the buttocks (Figure 5). The feet are always spared. Sometimes the arms and 
forearms are also affected, and hands are always spared. The edema is associated 
with constant pain, which becomes acute with the passing of the hours of the day 
and during the summer, and ease of spontaneous bruising [10–12, 29].

Edema, generally, appears at puberty and is exacerbated at some particular 
moments in a woman’s life (breastfeeding more than pregnancy and menopause). 
The edema appears simultaneously in all the regions of the affected limbs, and there 
is never a progression along the limbs (neither in the distal-proximal or proximal-dis-
tal sense) but only a possible simultaneous increase of the edematous zones. It is an 
edema that does not respond to hypocaloric dietary treatments or physical exercise.

Figure 4. 
(a and b) Phlebolymphedema: a case of prostate cancer with pelvic lymphadenectomy associated with venous 
left iliac thrombosis. (a) Clinical case and (b) phlebography of the lower limb.
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We recognize four clinical stages of the disease:

• First stage: Mild edema located in the sites already described in the possible 
combinations with conserved limb conformation. The skin presents slight and 
widespread increase in consistency.

• Second stage: Important edema involving the sites described in the possible 
combinations, with pain and gross deformations of some regions of the limbs. 
Increased skin of consistency.

• Third stage: Painful elephantiasis with extremely gross plication, alteration of 
the gait pattern, and possible cutaneous lesions, prevalent on the inner surfaces 
of the thighs. Occurrence of serotine foot edema or after prolonged standing 
station.

• Fourth stage: Painful elephantiasis with gross plication, alteration of the gait 
pattern, trophic lesions, and permanent edema of the feet (lipolymphedema).

The lymphoscintigraphy of lower limbs, in the early stages, shows a normal 
development and draining lymphatic circulation. In the advanced clinical stages of 
the disease, it is possible to underline bilateral sub-rotuleous stagnation of the tracer 
(dermal back flow) and lymph node stop that corresponds, from the clinical point 
of view, to the so-called lipolymphedema of the lower limbs.

High-resolution ultrasound allows to highlight a constant echogenic pattern of 
the supra-fascial compartment (skin-fascia). It is an extremely useful test for the 
differential diagnosis with lymphedema of the lower limbs. In lipedema, in fact, 
the compression of tissues with a linear probe shows a reduction in the sub-fascial 
thicknesses with the supra-fascial which remained unchanged; in the case of 
lymphedema, on the contrary, the compression with linear probe shows a decrease 

Figure 5. 
Lipedema of the lower limbs.
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in the over-fascial thicknesses, while the sub-fascial remain unchanged. This 
testifies that in lipedema the volumetric increase is given by an increased cellular 
component (hypertrophic and hyperplastic lipid cells) while in the lymphedema 
the volumetric increase is given by more or less copious presence of extracellular 
interstitial fluids that the pressure of the probe can move.

The BMI is variable in the two pathologies. In lipedema it is generally within the 
limits of the norm and is not minimally influenced by physical treatments nor by 
the overall weight loss. In lymphedema it can be equally variable even if it is higher 
on average than in patients with lipedema.

The differential diagnosis with obesity is quite simple. In the obese patients, 
the collection of fatty deposits is widespread in all the body regions with a par-
ticular preference for the anatomical areas typical of each sex (gynoid type and 
android type).

Obesity responds positively to physical exercises and diet, in all body districts, 
while lipedema is not affected at all by these factors.

2.7 Inflammatory or infectious states

The edema of the lower limb can be determined by inflammatory and/or 
infectious diseases. In these cases the localization is generally monolateral and 
is secondary to an inflammatory/infectious process of the soft tissues (cellulitis, 
myositis, myofascitis, necrotizing fasciitis). The localization may involve only one 
area of the limb (thigh, leg, foot) assuming the topographic configuration of the 
“suspended edema.” Besides the edema, all the other characters of inflammation are 
generally present (increase in skin temperature, hyperemia, pain, and reduction of 
functional capacity ( functio laesa). The resolution of edema is due, in these cases, 
to anti-inflammatory and pharmacological treatment and, if necessary, to antibiot-
ics. A special case of edema that can induce doubts of differential diagnosis with 
deep vein thrombosis and that is determined by the presence of serous cyst of the 
popliteal cable is known as Baker’s cyst. Particularly developed, it can compress the 
surrounding venous and lymphatic vessels, inducing a distal edema (generally sub-
patellar) also extended to the whole leg and to the foot. With the treatment of cystic 
formation (puncture with evacuation, surgical excision, simple anti-inflammatory 
therapy), we are witnessing the resolution of the edema.

2.8 Benign or malignant neoplasms

Benign or malignant tumoral formations may develop in the lower limbs, especially 
the soft tissues (mainly muscles). Their localization, particularly in the leg muscles, 
occupying space, also due to the compressive phenomena exerted on the surrounding 
vessels, can determine circumscribed or diffused edema which, for the differential 
diagnosis, must make use of more discriminating investigations, such as CT or MR. 
Obviously, the edema, in these cases, recedes only after surgical removal of the mass.

2.9 Systemic causes

2.9.1 Edema in heart failure (from diastolic dysfunction)

In the case of heart failure, the echocardiographic examination may be apparently 
normal (the ventricular ejection fraction, in these cases, provides normal indications, 
and no particular problems are highlighted). In these conditions, however, a careful 
clinical examination is required which highlights a bilateral and symmetrical lower 
limb edema (often confused with lymphedema); the sign of the fovea is particularly 
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evocable and persistent over time. The Stemmer sign is negative (Figure 6). The edema 
is established by an important increase in venous pressure in the microvascular tissue 
units, whereby the normal pressure gradient at the micro-tissutal level which, from 
the hydrostatic point of view, under normal conditions, would help the return of fluids 
from the interstitium towards the venous capillaries is gone and many water molecules 
remain in the interstitium. The thoracic auscultation demonstrates the presence of 
bilateral basal crackles. The liver may appear increased in volume and with rounded 
margins13. The subject refers to dyspnea for slight efforts or even at rest. During noc-
turnal rest the patient needs to observe a decubitus which raises the thorax and head 
with respect to the other bodily districts. In these cases, the dosage of the inactive form 
of the Brain Natriuretic Peptide (BNP, substance produced by the cardiac endothelium, 
whose serum concentration increases in the case of inability of filling by the cardiac 
chambers) results elevated, suggesting that the heart has difficulty in receiving fluids 
returning from the periphery (second- or third-degree diastolic dysfunction); this dis-
functions are relatively frequent in women above 65 years. In these cases conventional 
draining physical therapies risk aggravating subjective and objective symptoms, and 
the same elastic garment to be worn in the morning should be prescribed only after the 
clinical compensation obtained with the appropriate dosage of diuretics and positive 
inotropic drugs (e.g., digoxin) indicated for each individual case.

2.9.2 Hepatic insufficiency

The edema of hepatic insufficiency can be defined as “gravitational”; it is 
collected mainly in the sloping body areas. It is essentially localized in the toes 
and feet when the subject is standing or sitting with the legs “dangling.” When the 
subject is lying on the bed, the most gravitational area is the presacral region14. It 
is not uncommon in these cases, if the patient holds a higher limb outside the bed, 
observe the edema at the level of the elbow of the arm itself. The conventional 
physical therapies, even in this case, do not solve the problem that benefits only 
from the administration of intravenous albumin. It is hypo-albumin, which in fact 
generates edema: since each protein molecule behaves like a kind of magnet to water 
molecules (it attracts them); in the case of hypo-albuminemia, liquids are no longer 
held within the intra-vascular compartment and tend to flee to intertial space, 
following the gravity.

Figure 6. 
Stemmer sign: positive in lymphedema (a), negative in cardiac failure (b) before compression and (c) after 
compression.
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2.9.3 Acute and chronic renal failure

In chronic renal failure at third or fourth stage, the relative inability of the 
nephron to produce “pre-urine” inevitably leads to a generalized “water retention” 
affecting all body districts. The subject, frequently, in the morning wakes up with 
the edematous eyelids and only an adequate dosage of diuretics, respecting the 
values of the electrolytes and, above all, of the renal function (azotemia, creati-
nine). Decongestive physical treatments cannot find an elective indication even in 
this form.

2.9.4 Myxedema

Myxedema is a particular form of edema affecting the lower limbs (generally 
bilaterally, symmetrically, and localized to the pretibial surfaces) determined by 
accumulation of mucopolysaccharides in the derma. In these cases, the pretibial 
edema is also accompanied by ocular edema (exophthalmos), with generalized 
dryness of the skin and, sometimes, psychic hypo-evolution [15]. It is determined 
by serious conditions of hypothyroidism (congenital or acquired), in which TSH 
(which, for various reasons, does not respond to the thyroid parenchyma) would 
stimulate tissue fibroblasts and adipocytes to replicate and produce mucopolysac-
charide complexes, with local deposition inside the dermis, or, on the contrary, in 
cases of hyperthyroidism (as in Flaiani-Basedow’s disease). This type of edema is 
reversible and recognizes as a fundamental therapeutic treatment the correction 
of thyroid defect (in defect or excess of glandular function). It is presented as a 
“suspended edema,” not painful, and without local typical signs of inflammatory 
processes.

2.9.5 Drug edema

Drug edema occurs, in most cases, by a particular idiosyncrasy of the subject to 
certain molecules. The drugs most commonly called into question in these forms 
are some molecules with antihypertensive effect (especially amlodipine and other 
calcium antagonists, in which the edema is localized mainly in the two ankles—
bilateral edema—and in the back of the feet, and the sartanics that can induce 
generalized edemas, up to anasarca) and the corticosteroids which cause a general-
ized water retention. In all these forms, physical treatment is not conclusive, and 
the therapy consists in the simple suspension of the drug (with substitution with 
different molecules). In almost all the cases, the complete resolution of the clinical 
picture is achieved within a maximum of 7 days from the suspension of the drug.

2.9.6 Idiopathic edema

Many authors are reminded of the possible presence of “idiopathic edema,” 
or an edema (generally distal and bilateral) that arises at certain times of the day 
(especially after prolonged standing) or in the summer season. It regresses with the 
wearing of the definitive elastic garment for a variable period of time.

2.9.7 Differential diagnosis of edema of the lower limbs

The differential diagnosis of edema of the lower limbs can be easily formulated 
through simple observations concerning skin color, skin temperature, mono- or 
bilaterality localization, the presence of the sign of pitting, the presence of the 
Stemmer sign, the sense of progression of the edema along the limb, and the date 
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of onset of edema, compared to the time of observation. From a combined analysis 
of these elements, it is possible to easily reach the diagnosis that can be further 
confirmed by other exams, already described in the individual-treated paragraphs 
[4, 12, 30–36].

In particular, in relation to:

• Skin color: in the cardiac edema, it can appear bright pink up to taking on blu-
ish-cyanotic nuances, in particular at the level of visible mucous. In the hepatic 
edema, it can assume a yellowish shade; in case of renal failure, it can appears 
“greenish.” In superficial venous root edema (acute varicophlebitis), it can be 
red to cyanosis. In the deep vein thrombosis edema, it generally maintains the 
rosy color that coincides with that of the healthy limb. Lipedema, myxedema, 
idiopathic edema and the drugs-related one keep rosy the complexion; instead 
the skin remains pale in primary or secondary lymphedema, tending to whit-
ish, due to the rarefaction of the arteriolar capillaries which occurs in the tissue 
volumetric unit [39].

• The cutaneous temperature remains normal in cardiac, hepatic, renal, and 
idiopathic edema, in myxedema, lipedema, and drug-related edema. It remains 
normal also in deep vein thrombosis edema (except in cases where there is an 
important lymphatic overload of the superficial circle—with vicarious goals—
that can cause a slight reduction of skin temperature in the affected limb 
compared to the contralateral one). In superficial venous root edema (vari-
cophlebitis), the local temperature increases, while in lymphedema, primary 
or secondary, for the same reason for which the skin is whitish (except for 
concomitant acute lymphangitis), it is also characterized by a decrease in local 
temperature [37, 38].

• Mono- or bilateral localization: in all edemas of a “systemic” cause (cardiac, 
hepatic, renal, myxedema, drug-related), the localization is always bilateral 
and generally symmetrical. Also in lipedema it is bilateral. In lymphatic edema, 
both primary and secondary, localization can be both unilateral and bilateral. 
Idiopathic edema, superficial venous cause edema (varicophlebitis), and deep 
venous cause (deep venous thrombosis) are generally unilateral.

• Pain: in the “systemic” causes of edema, pain is generally absent, unless 
concomitant algogenic irritating spines coexist. In the edema caused by 
superficial varicophlebitis, often cyclical exacerbations are present. In the deep 
vein thrombosis edema, pain is not acute; it is deaf, not well definable from 
the anatomical point of view, and not epicritic, diffused to the interested limb. 
Pain is one of the peculiar characteristics of the clinical picture in lipedema. It 
is variable in various hours of the day being described as particularly important 
in the evening hours and in the summer season (obviously also depending on 
the clinical stage of the disease).

• Pitting sign: it is particularly present and persistent in the diastolic heart dys-
function edema, as in the typical edema of the hepatic insufficiency and in that 
of the renal insufficiency. It is present in myxedema, idiopathic edema, drug-
related edema, and edema of superficial venous affections. It is generally absent 
in deep vein thrombosis. It is also fleeting and not very persistent in lymphatic 
edema, both primary and secondary, due to tissue fibrosis that more or less 
establishes in the tissues due to the persistence of interstitial protein compo-
nent which induces fibrosis with consequent increase of tissue consistency 
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itself. In lipedema, in the early clinical stages, the pitting sign is absent (the 
volumetric increase is determined by the exclusive presence of hyperplastic and 
hypertrophic adipose cells and not to fluids in the interstitium). It can appear in 
the most advanced clinical stages (lipolymphedema) [39].

• Stemmer’s sign: it is pathognomonic of lymphedema. It is in fact undetectable 
in all edemas that recognize a systemic cause, in idiopathic edema, and in 
lipedema (in which the feet are always spared from the edematous localiza-
tion). In lymphedema, it is always present, and if it would be well-known 
by general practitioners and, unfortunately, also by many specialists, many 
unnecessary examinations (repeated echo color Doppler, Rx, high-resolution 
ultrasound, computed tomography, and MRI) would not be prescribed, 
looking for what is not recognized by simple clinical examination (it is of very 
frequent experience, even today). In the secondary forms of lymphedema of 
the lower limb, the Stemmer sign is initially negative and is only positively 
delayed [40].

• Progression of edema along the limb: in systemic edema and idiopathic edema 
as well as in primary lymphedema, the progression of edema in the lower 
limbs takes place in a distal-proximal direction (first the toes and the foot are 
affected and then the leg and, lastly, the thigh). In secondary lymphedema, 
on the contrary, the progression takes place in the opposite direction, in the 
proximal-distal direction (first the thigh is affected and then the leg and lastly 
the foot and the toes with consequent “late” positivity of the Stemmer sign). In 
Lipedema and myxedema, there is no progressive development of the edema 
itself, but this originates and increases simultaneously in all the body regions 
involved [41, 42].

• Time of onset: the time of onset of the edema is extremely variable. Cardiac 
edema occurs due to continuous pharmacological adjustments, especially 
diuretic therapy, generally given by months or years with alternating clini-
cal intensity, as well as hepatic or renal edema. Drug-related edema appears 
after 1 to 3/4 days of taking the drug responsible for the side effect (an easily 
traced anamnestic data), and normally, as recalled, it reduces completely after 
the suspension of the drug. Lipedema generally appears at puberty (between 
15 and 20 years of age) and may present clinical resurgence in particular 
moments of the woman’s fertile life. Myxedema may arise at birth or develop in 
subsequent periods depending on thyroid glandular activity. Idiopathic edema 
generally occurs at puberty. Venous edema certainly occurs the most sudden, 
both in the superficial (varicophlebitis) and in the deep (deep vein thrombo-
sis) form. In this last case, the edema appears absolutely fast and involves the 
whole limb from the level of localization of the thrombus in the deep vein. In 
these cases the appearance and evolution (proximal-distal) is almost immedi-
ate. From coincident arts we highlight the important edema within 6–12 h from 
the onset. The formation of the thrombus precedes the clinical evidence of the 
edema that only manifests when the dimensions of the thrombus hinders a 
large part of the habitual venous return [43–45].

3. Conclusions

The opinion that an edema of the lower limbs, regardless of the patient’s age, of 
the general clinical conditions and symptoms and signs that accompany the picture, 
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is of a lymphostatic nature is still widespread today. So it happens that many car-
diologists send to the angiologist or to the vascular surgeon patients over 70 years, 
with a fairly delineated symptom complex, albeit unidentified, with the diagnosis 
of “recent-onset limb lymphedema”; clinical cases that, if properly considered, are 
of strict cardiological relevance and not of physical rehabilitative medicine. Just as 
Lipedema is still unknown, as a pathology, by over 50% of the same vascular sur-
geons and of the angiology and by the overwhelming majority of family doctors [46].

The hemato-chemical and instrumental examinations are undoubtedly useful 
for a better definition of individual cases, both for the purposes of the therapeutic 
approach and the prognosis and monitoring.

However, the diagnosis must be essentially clinical and is based on the consid-
erations described, simply by analyzing the individual objective and subjective 
parameters, between them, and crossing the information. Clinical experience can 
accelerate the diagnosis and the accuracy of the subsequent therapeutic approach, 
but it is fundamental, in any case, that before a definitive diagnosis, we consider the 
“semeiological picture” which, combined with an accurate clinical history, allows to 
reach the certainty of differential diagnosis.

Even today there are diagnostic mistakes in evaluation of many edema of the 
lower limbs. The lack of specific clinical experience and the underestimation of 
important anamnestic elements, supported by clinical evidence that often are not 
sought in the various details or, the misinterpretation of instrumental investigations 
can lead to inaccurate ethiopathogenetic diagnoses with negative consequences from 
the point of view of treatment that is undertaken in the individual clinical case.

The proposed analysis aims at avoiding reckless or “discounted” clinical judg-
ments, but not responding to the real needs of the individual patient, and helping 
the medical doctor, the physiotherapist, and the nurse to follow the most appropri-
ate diagnostic and therapeutic procedures in line with the current principle preven-
tion, early diagnosis, and treatment.

Conflict of interest

The authors declare no conflict of interest.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



33

Peripheral Edema: Differential Diagnosis
DOI: http://dx.doi.org/10.5772/intechopen.82400

[1] Tiwari A, Cheng KS, Button M, 
Myint F, Hamilton G. Differential 
diagnosis, investigation, and 
current treatment of lower limb 
lymphedema. Archives of Surgery. 
2003;138(2):152-161

[2] Michelini S. Phlebolymphoedema. 
From Diagnosis to Therapy. Bologna: 
Edizioni P.R.; 1998

[3] Badini A, Fulcheri E, Campisi C, 
Boccardo F. A new approach in 
histopathological diagnosis of 
lymphedema: Pathophysiological and 
therapeutic implications. Lymphology. 
1996;29(S):190-198

[4] Gasbarro V, Michelini S, 
Antignani PL, Tsolaki E, Ricci M, 
Allegra C. The CEAP-L classification for 
lymphedemas of the limbs: The Italian 
experience. International Angiology. 
2009;28(4):315-324

[5] Lee B, Andrade M, Bergan J, 
Boccardo F, Campisi C, Damstra R, 
Flour M, Gloviczki P, Laredo J, 
Piller N, Michelini S, Mortimer P, 
Villavicencio JL. Diagnosis and 
treatment of primary lymphedema. 
Consensus Document of the 
International Union of Phlebology 
(IUP)-2009. International Angiology. 
2010;29(5):454-470

[6] International Lymph Framework. 
Best Practice for the Management of 
Lymphoedema. 2nd ed. 2012. Available 
at: www.lympho.org

[7] The diagnosis and treatment of 
peripheral lymphedema: 2013 consensus 
document of the international society of 
lymphology. Lymphology;46(2013):1-11

[8] Michelini S, Cardone M. Veno-
lymphatic vascular malformations: 
Medical therapy. In: Mattassi R, 
Loose DA, Vaghi M, editors. 
Hemangiomas and Vascular 

Malformations. Italia: Springer; 2015. 
pp. 445-450

[9] Michelini S, Pissas A, Olszewski W, 
Dimakakos E, Cordero IF, 
Caldirola R, et al. Linforoll: A new 
device for lymphoedema treatment: 
Preliminary experience. Lymphology. 
2015;47(Suppl):218-221

[10] Mariani G, Campisi C, Taddei G, 
Boccardo F, Martini F, Rahimi 
Mansour A, et al. The current 
role of lymphoscintigraphy in the 
diagnostic evaluation of patients with 
peripheral lymphedema. Lymphology. 
1998;31(Suppl):316-319

[11] Cavezzi A, Michelini S. 
PHlebolymphoedema. Bologna: 
Edizioni P.R; 1998

[12] Nicolaides AN. Therapeutic 
outcome and quality of life in patients 
with chronic venous and lymphatic 
disorders. Phlebolymphology. 
2008;20:2-3

[13] Schmeller W, Hueppe M, Meier-
Vollrath I. Tumescent liposuction in 
lipoedema yields good long-term results. 
The British Journal of Dermatology. 
2012;166:161-168

[14] Schmeller W, Meier-Vollrath. 
Lipödem: Ein update (Lipedema: 
an update). Lymphol Forsch Prax. 
2005;9(1):10-20

[15] Forner-Cordero I, Szolnoky G, 
Forner-Cordero A, Kemény L. 
Lipedema: An overview of its clinical 
manifestations, diagnosis and treatment 
of the disproportional fatty deposition 
syndrome—Systematic review. Clinical 
Obesity. 2012;2:86-95

[16] Pascual-Figal DA, Domingo M, 
Casas T, Gich I, Ordoñez-Llanos J, 
Martínez P, et al. Usefulness of clinical 
and NT-proBNP monitoring for 

References



Inflammation in the 21st Century

34

prognostic guidance in destabilized 
heart failure outpatients. European 
Heart Journal. 2008;29(8):1011-1018

[17] Younossi ZM, Guyatt G, Kiwi M, 
Boparai N, King D. Development of 
a disease specific questionnaire to 
measure health related quality of life in 
patients with chronic liver disease. Gut. 
1999;45:295-300

[18] Schwartz KM, Fatourechi V, 
Ahmed DDF, Pond GR. Dermopathy of 
Graves’ disease (pretibial myxedema): 
Long-term outcome. The Journal of 
Clinical Endocrinology & Metabolism. 
2002;87(2):438-446

[19] Bellini C, Arioni C, Mazzella M, 
Campisi C, Taddei G, Boccardo F, 
et al. Lymphoscintigraphic evaluation 
of congenital lymphedema of the 
newborn. Clinical Nuclear Medicine. 
2002;27(5):383-384

[20] Boccardo F, Michelini S, Zilli A, 
Campisi C. Epidemiology of lymphedema. 
Phlebolymphology. 1999;26:24-28

[21] Werngren-Elgstrom M, Lidman D. 
Lymphoedema of the lower extremities 
after surgery and radiotherapy for cancer 
of the cervix. Scandinavian Journal of 
Plastic and Reconstructive Surgery and 
Hand Surgery. 1994;28(4):289-293

[22] Campisi C, Michelini S, 
Boccardo F, Zilli A. Lymphedema 
epidemiology in Italy. Lymphology. 
1998;31(Suppl):243-244

[23] Casley-Smith J. Modern Treatment 
for Lymphoedema. Adelaide: The 
Lymphoedema Association of Australia, 
Inc.; 1994

[24] Dellachà A, Fulcheri E, Boccardo F, 
Campisi C. Post-surgical lymphedema: 
Iatrogenic or pre-existing disease? 
Lymphology. 1998;31:562-565

[25] Földi E, Földi M. Physiothérapie 
Complete Décongestive. Paris: Editions 
Frison-Roche; 1993

[26] Leduc A. Le drainage lymphatique. 
Paris, Masson: Théorie et pratique; 1980

[27] Michelini S, Failla A, Moneta G, 
Campisi C, Boccardo F. Clinical staging 
of lymphedema and therapeutical 
implications. Lymphology. 
2002;35:168-176

[28] Michelini S, Failla A. Linfedemi: 
Inquadramento diagnostico 
clinico e strumentale. Minerva 
Cardioangiologica. 1997;45(Suppl I): 
11-15

[29] Tosatti E. Lymphatique profonds 
et lymphoedèmes chroniques des 
membres. Paris: Masson; 1974

[30] Vodder E. La méthode Vodder—
Le drainage lymphatique manuel. 
DK-2880, Bagsvaer: Inst. For Lymph 
Drainage; 1969

[31] Olszewski W. Recurrent bacterial 
dermatolymphangioadenitis (DLA) 
is responsible for progression 
of lymphoedema. Lymphology. 
1996;29(Suppl):331

[32] Michelini S, Campisi C, Failla A, 
Boccardo F. Proposal for stadiation of 
phlebolymphoedema. European Journal 
of Lymphology and Related Problems. 
1995;6(20):I-14

[33] Campisi C. Lymphoedema: 
Modern diagnostic and therapeutic 
aspects. International Angiology. 
1999;18(1):14-24

[34] Case TC, Witte CL, Witte MH, 
Unger EC, Williams WH. Magnetic 
resonance imaging in human 
lymphedema: Comparison with 
Lymphangioscintigraphy. Journal 
of Magnetic Resonance Imaging. 
1992;10:549-558

[35] Ferrel RE, Levinson KL, 
Esman JH, Komak MA, Lawrence EC, 
Barmada MM, et al. Hereditary 
lymphedema evidence for linkage and 



35

Peripheral Edema: Differential Diagnosis
DOI: http://dx.doi.org/10.5772/intechopen.82400

genetic heterogeneity. Human Molecular 
Genetics. 1998 Dec. 7;13:2073-2078

[36] Michelini S, Failla A, Moneta G. 
Lymphedema: Epidemiology, disability 
and social costs. Lymphology. 
2002;35:169-171

[37] Michelini S, Failla A, Moneta G, 
Zinicola V, Romaldini PD. International 
classification of lymphedema 
functioning and disability evaluation. 
European Journal of Lymphology. 
2007;17(51):16-19

[38] Michelini S, De Giorgio D, 
Cestari M, Corda D, Ricci M, 
Cardone M, et al. Clinical and genetic 
study of 46 Italian patients with 
primary lymphoedema. Lymphology. 
2012;45:3-12

[39] Michelini S, Failla A, Moneta G, 
Cardone M, Michelotti L, Zinicola V, 
et al. Linee guida e protocolli 
diagnostico-terapeutici nel linfedema. 
Eur. Med. Phys. 2008;44(Suppl. 1-3)

[40] Michelini S, Failla A, Moneta G, 
Zinicola V, Macaluso B, Cardone M, 
et al. Treatment of lymphedema with 
shockwave therapy: Preliminary study. 
The European Journal of Lymphology 
and Related Problems. 2007;17(51):29

[41] Michelini S, Failla A, Moneta G, 
Cardone M, Fiorentino A. 
Immunestimulation and reduction 
of infective complications in patients 
with lymphoedema. European Journal 
of Lymphology and Related Problems. 
2009;20(56):17-18

[42] Partsch H. Indirect lymphography 
in different kinds of leg oedema. In: 
Lymphology: Advances in Europe. Ecig: 
Genova; 1989. pp. 95-99

[43] Pecking AP, Cluzan RV. Assessment 
of lymphatic function: 15 years 
experience using radionuclide methods. 
Lymphology. 1994;27(Suppl):301-304

[44] Schingale FJ. Lipoedema. In: 
Schingale FJ, editor. Lymphoedema, 
Lipoedema: A Guide for those Effected. 
Hannover: Schlǖtersche; 2003. pp. 64-71

[45] Trévidic P, Marzelle J, Cormier JM. 
Apport de la microchirurgie au 
traitement des lymphoedèmes. In: 
Editions Techniques -Encycl. Méd. Chir. 
Paris, France: Techniques chirurgicales-
Chirurgie vasculaire; 1994 F.a. 43-225

[46] Földi M. The therapy of 
lymphedema. European Society of 
Lymphology. 1993-1994;14:43-49





37

Chapter 4

Edema Induced by sPLA2 
from Crotalus durissus terrificus 
Involves PLC and PKC Signaling, 
Activation of cPLA2, and 
Oxidative Stress
Marcos H. Toyama, Caroline R.C. Costa, Mariana N. Belchor, 
Danielle P. Novaes, Marcos A. de Oliveira, Rolando Ie, 
Henrique Hessel Gaeta and Daniela de O. Toyama

Abstract

sPLA2 from Crotalus durissus terrificus venom, free of crotapotin (Cdt sPLA2), 
purified and isolated sPLA2, was able to significantly increase lipid peroxida-
tion, which occurred simultaneously with increased arachidonic acid (AA) 
metabolism. In addition, MDA and AA levels were elevated at 15 min after Cdt 
sPLA2 injection and after peak edema (negative control). Thus, oxidative stress 
and ROS play important roles in the inflammation induced by Cdt sPLA2. On 
the other hand, edema induced by sPLA2 involves the direct and indirect mobi-
lization of arachidonic acid by the involvement of phosphokinase C (PKC) and 
phospholipase C (PLC), which indirectly stimulates cytosolic PLA2 (cPLA2). We 
also observed that the specific antivenin against Cdt venom had no significant 
effect on the neutralization of induced edema compared to the natural products 
5-caffeine-linoleic acid (5CQA) and dexamethasone (AACOCF3). Our results 
also indicate that there was improvement in the inhibition of edema of natural 
polyphenolic compounds compared to antivenin or inhibition of the enzymatic 
activity of sPLA2 due to the fact that 5CQA is a potent antioxidant compound. 
Thus, our results show a clear correlation between increased arachidonic acid 
metabolism and oxidative stress.

Keywords: Crotalus durissus terrificus (Cdt), secretory snake venom phospholipase 
A2, edema, PKC, PLC, inflammation, oxidative stress

1. Introduction

1.1 Arachidonic acid “dogma”

Arachidonic acid (ARA) is a 20-carbon chain fatty acid with four methylene-
interrupted cis double bonds; the first, with respect to the methyl end (omega, ω 
or n), is located between carbons 6 and 7. Arachidonic acid (AA) has three possible 
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Figure 1. 
Central dogma of arachidonic acid metabolism. AA cascade and its destination following three major oxidative 
pathways: (1) cyclooxygenase (COX), producing prostaglandins and related eicosanoids; (2) lipoxygenase 
(LOX), forming leukotrienes and related compounds; and (3) CYP450, forming arachidonic acid epoxides.

destinations: participating in the remodeling process of the cell membrane, release 
into the extracellular medium by diffusion, or its intracellular metabolism [1, 2]. In 
addition to AA, lysophosphatidic acid (lyso-platelet aggregation factor (PAF)) is 
another product of the enzymatic hydrolysis of membrane phospholipids, which, in 
the presence of lyso-PAF acyl transferase, is converted in PAF [3]. PAF is an extra-
cellular lipid signaling molecule involved in a range of cellular activities, including 
survival, differentiation, cellular proliferation, morphological changes, and migra-
tion, among others [4]. Besides, its biological action is mediated by the presence 
of a cellular receptor (PAF-receptor (PAF-R)) (Figure 1). These physiological and 
pharmacological activities of PAF depend on the presence of its receptors, desig-
nated as PAF-R1 to PAF-R6. These receptors are G protein-coupled transmembrane 
receptors, and recent studies revealed that the PAF-R signaling pathway clearly 
affects different aspects of tumor progression [5, 6]. In the literature, it is well 
established that phospholipases A2 (PLA2s) are key enzymes involved in AA gen-
eration by hydrolytic digestion of membrane phospholipids. PLA2 is a superfamily 
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of enzymes distributed throughout six major classes: secretory PLA2 (sPLA2), 
calcium-dependent cytosolic PLA2 (cPLA2), calcium-independent cytosolic PLA2 
(iPLA2), lysosomal PLA2 (lPLA2), mitochondrial PLA2 (mPLA2), and, more 
recently, PAF-acetyl hydrolases (PAF-AHs). PAF-AHs are a small family of phos-
pholipases A2 with a high specificity for the hydrolysis of the unsaturated fatty acid 
residue located at the sn-2 position [7, 8]. sPLA2 is considered a simple and primi-
tive enzyme, acting as an inducer of the inflammatory process, besides being able to 
act as a pseudohormone. In addition to generating AA directly, this enzyme can also 
increase the activity of cPLA2 [9]. Furthermore, the produced AA usually follows 
one of three distinct enzymatic pathways involving cyclooxygenase, lipoxygenase, 
and cytochrome P450. Several products of these routes can modulate the func-
tions of ion channels, protein kinases, and ion pumps. In addition, newly formed 
eicosanoids are excreted and mediate various physiological functions, including 
insulin secretion and muscle contraction, and most of these actions involve protein 
G. Ultimately, the products of AA metabolism are rapidly degraded [1, 10]. Briefly, 
AA, as well as other polyunsaturated fatty acids (PUFAs) generated at the cellular 
level, can be mobilized through the hydrolytic activity of various enzymes. It is 
possible to highlight the action of PLA2 through a single reaction pathway that pro-
duces AA and lysophospholipid (LysP), which is considered the classical pathway 
of AA generation—it is the most widely known and studied. In addition, AA is 
metabolized by cyclooxygenase (COX) and 5-lipoxygenase, resulting in the synthe-
sis of prostaglandins and leukotrienes, respectively. These intracellular messengers 
play an important role in the regulation of signal transduction, leading to pain and 
inflammatory responses. Recently, the literature has shown that AA can follow a 
third pathway, resulting in its metabolism by cytochrome P450 enzymes—Cyt450 
epoxygenase and Cyt450 omega hydroxylase. P450s are typical monooxygenases, 
which enzymatically cleave molecular oxygen, followed by the insertion of a single 
atom of oxygen into the substrate, while the remainder is released as water [11–14]. 
Cytochrome P450s metabolize AA to produce the collectively designated hydroxye-
icosatetraenoic acids and epoxyeicosatrienoic acids; these bioactive compounds are 
generated in a tissue- and cell-specific manner, and numerous biological functions 
have been revealed (Figure 1).

2. Secretory phospholipase A2

Phospholipase A2 (EC 3.1.1.4, PLA2) belongs to the group of enzymes, which 
catalyze the hydrolysis of the ester bond at the sn-2 position of glycerophospho-
lipids and, consequently, are capable of generating free fatty acids, including 
arachidonic acid (AA). Under physiological conditions, PLA2s are crucial for 
membrane phospholipid homeostasis, ensuring membrane stability, fluidity, and 
permeability, and they are involved in the regulation of transport processes through 
the cell membrane. Phospholipases A2 are enzymes widely diffused in bacteria, 
plants, venom (of various animals), and mammal cells. Several studies suggest 
that these enzymes can be classified into 19 groups, which have been identi-
fied in mammalian tissues. Besides, many of these groups exhibit significant A2 
phospholipase enzymatic activity. At a high level, PLA2s can be classified into two 
groups: cytosolic PLA2 (cPLA2), and a large and diverse group of secretory PLA2s 
(sPLA2). Cytosolic PLA2 comprises calcium-dependent cPLA2 (cPLA2), calcium-
independent cytosolic PLA2 (iPLA2), lysosomal PLA2 (lPLA2), mitochondrial 
PLA2 (mPLA2), and, more recently, PAF-acetyl hydrolases (PAF-AHs), which 
display a small family of phospholipases A2 with high specificity for hydrolysis of 
the unsaturated fatty acid residue located at the sn-2 position [7, 8, 10]. Several 
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studies suggest that the proinflammatory action induced by mammalian sPLA2 and 
even snake venom sPLA2 involve a significant increase of both oxidative activity 
and reactive oxygen species (ROS) in the cell. ROS are involved in processes such 
as lipid peroxidation and protein carbonylation, which, at certain levels, can lead 
to pathological events [15]. Studies conducted by Chiricozzi et al. (2010) [16] 
reveal that there is a relationship between the increased enzymatic activity of 
sPLA2, which belongs to the IIA family, and a significant cellular production of 
free radicals, which contribute strongly to the development of neurodegenerative 
diseases. Snake venom sPLA2 shares similar mechanisms of action and the same 
pathways of action with mammalian sPLA2. Experimental evidence in the literature 
demonstrates that both sPLA2 isoforms are able to induce inflammation and other 
similar biological activities [10, 17–19]. It is noteworthy that literature data dem-
onstrate sPLA2 can activate signaling events that cannot be explained simply by 
its catalytic activity, and this fact emphasizes that sPLA2 could act essentially as a 
ligand of a receptor, rather than as an enzyme [20]. In contrast, studies suggest that 
products generated by sPLA2 may act as second intracellular messengers, and its 
enzymatic activity provides a crucial point in the biosynthesis pathways of several 
classes of inflammatory mediators [21]. In addition, studies performed with other 
sPLA2s suggest that, during the inflammatory process, leukocytes are recruited 
to the damaged site (via chemotaxis), where there are conditions necessary to 
produce a “respiratory explosion.” This condition is characterized by high oxygen 
consumption and the production of reactive oxygen species (ROS), such as the 
superoxide anion radical (O2

−•) and hydrogen peroxide (H2O2), which can generate 
the hydroxyl radical (•OH) directly or indirectly through chemical reactions, such 
as Fenton and Harber Weiss [22].

Nucleic acids, proteins, and lipids are important targets of ROS, and their attack 
may lead to an increased risk of mutagenesis due to the modification of these 
molecules. Moreover, during the inflammatory process, they synthesize soluble 
mediators, such as arachidonic acid metabolites, cytokines, and chemokines, which 
lead to the recruitment of more cells that are involved in the inflammatory process 
to the injured site, thus increasing ROS production. These key mediators may 
activate signal transduction cascades and induce changes in transcription factors, 
such as nuclear transcription factor κ-β (NFκ-β) and signal transducer/transcrip-
tional activator 3 (STAT 3), which mediate the response to cellular stress. In addi-
tion, induction of cyclooxygenase-2 (COX2) was reported to contribute to nitric 
oxide synthesis by the enzyme inducible nitric oxide synthetase (iNOS), besides the 
increased expression of tumor necrosis factor (TNF-α), interleukin-1 (IL-1), inter-
leukin-6 (IL-6), and alterations in the expression of specific microRNAs [23, 24]. It 
should be noted that nitric oxide can form reactive nitrogen species (RNS) that are 
highly damaging to cells [25, 26]. Signaling of inflammation is recognized globally 
by IL-1, IL-6, and TNF-α through Toll-like receptors (TLRs), which belong to the 
IL-1R family. IL-1 and TNF-α represent the proinflammatory cytokine archetypes 
that are readily released in response to tissue injury or infection, and they represent 
a programmed recognition system to trigger inflammation [27–29]. It is important 
to note that although nitric oxide (NO−•), generated by iNOS, has been revealed to 
have an essential role as a cellular marker, in an environment with oxidative stress, 
it can react with O2

−• to generate peroxynitrite (NOO−) and other harmful RNS 
species [26, 30]. Some authors suggest that preventing the formation of NOO- or 
inducing its efficient decomposition in inflammatory processes may result in a 
new therapeutic strategy for the treatment of inflammatory processes [30]. In this 
context, enzymes such as glutathione peroxidase (Gpx) and peroxiredoxin (Prx) 
appear to have great importance, since they respond to NOO− decomposition with 
high efficiency [30–33].
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3.  Edema induced by sPLA2 from Crotalus durissus terrificus involves 
oxidative stress signaling

There is no significant evidence that enzymatic toxins from snake venom are 
able to increase cellular oxidative stress during inflammation [34]; there has been 
neither a molecular nor a physiological connection shown between edema and other 
pharmacological activities induced by secretory phospholipase A2 from Crotalus 

Figure 2. 
Edema values induced by Cdt sPLA2 at the adjusted concentration of 10 μg/site (n = 5). Blood and tissue 
samples were collected from the animals in two phases: at 30 min (B–D) and 90 min (E–F). Measurements of 
COX2, PGE2, and MDA levels are representative of the analysis of five animals.
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durissus terrificus (Cdt sPLA2). However, our results show there is a biochemical, 
physiological, and temporal connection between the AA metabolism induced by 
sPLA2, culminating in edema, and the increase of cellular oxidative stress, which 
was evaluated by measuring malondialdehyde (MDA) content. MDA is a highly 
reactive three-carbon dialdehyde produced as a byproduct of polyunsaturated fatty 
acid peroxidation and AA metabolism. This compound produced by oxidative stress 
can interact with several molecules, including proteins, lipoproteins, and DNA. The 
main source of MDA in biological samples is the peroxidation of polyunsaturated 
fatty acids with two or more methylene-interrupted double bonds [35, 36]. H2O2 rep-
resents a messenger capable of altering redox homeostasis, contributing, at various 
levels, to related inflammatory diseases. Although H2O2 is not an inherently reactive 
compound, it can be converted into highly reactive and deleterious products that kill 
cells. In this context, several studies have shown that plant phenolic compounds have 
great neutralization capacity toward hydrogen peroxide, because these compounds 
can donate electrons to hydrogen peroxide and neutralize it as water [37, 38].

The edema values plotted in Figure 2A were obtained by subtracting the edema 
values induced by saline (negative control). In this work, we evaluated the activity 
of COX2 and quantified PEG2 and MDA in blood and tissue samples collected at 
two different time points—30 and 90 min after sPLA2 administration. Figure 2A 
shows that the amount of COX2 present in swollen tissue after a 5 μg/site Cdt sPLA2 
injection was 18.7 ± 1.23 ng/mL (n = 5), compared to values resulting from saline 
injection that were close to zero. In Figure 2B, quantification of PGE2 in the blood 
of animals collected after Cdt sPLA2 injection (5 μg/site) reveals a concentration of 
783 ± 32.4 pg./mL (n = 5), while the saline treatment resulted in 65 ± 18.6 pg./mL 
(n = 5). Thus, the amount of PGE2 was 12-fold higher than the control values. MDA, 
produced during lipid peroxidation, is widely used for determining oxidative stress, 
and the results (shown in Figure 2C) indicate that the amount of MDA in plasma was 
17.82 ± 8.65 nmol, whereas the amount of MDA released after the saline injection was 
0.58 ± 0.22 nmol (n = 5). The results presented in Figure 2A–C were obtained before 
the edema peak, and they show that COX2, PGE2, and MDA levels were extremely 
high in comparison with the control. However, the samples from the material col-
lected at 90 min or after the peak of edema showed that the COX2, PGE2, and MDA 
levels did not significantly vary from the control (saline), as shown in Figure 2D–F.

4.  Edema induced by sPLA2 from Crotalus durissus terrificus involves 
PLC and PKC signaling

The metabolism of AA is a crucial point in the course of proinflammatory 
secretory phospholipase A2 (sPLA2). These enzymes basically have two distinct 
molecular domains, one involved in catalysis and the other responsible for receptor 
interaction, which allows sPLA2 to mobilize other enzymes involved in the produc-
tion of proinflammatory mediators. In addition, studies indicate that sPLA2 recep-
tors can mediate their activity through G-protein, and therefore, they can trigger 
the activation of phospholipase C (PLC), activating the phosphokinase C (PKC) 
signaling pathway and leading to potentialization of cytoplasmic PLA2 (cPLA2) and 
COX2. In Figure 2A, we show the effect of the different treatments  
on edema induced by sPLA2 of Crotalus durissus terrificus (Cdt sPLA2). In Figure 2A,  
the results clearly show that the edema peak induced by sPLA2 produces an increase 
of 0.278 ± 0.016 mL (5 μg/site; n = 5). About 20 μL of PKC inhibitor (GF109203X; 
Tocris 30 mg/kg, dissolved in 0.5% DMSO) was injected by endovenous route 
30 min (n = 5) before administering sPLA2. The PKC inhibitor was able to sig-
nificantly reduce edema induced by sPLA2, which was 0.123 ± 0.018 mL (n = 5). 
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About 20 μL of PLC inhibitor (U73122; Tocris; 30 mg/kg, dissolved in 0.5% DMSO) 
was injected intravenously 30 min prior to application of sPLA2, revealing that 
the peak of edema was 0.167 ± 0.021 mL (n = 5), which was significantly lower 
than the edema peak induced by sPLA2. In Figure 2B, we show the effect of the 
specific inhibitor against cPLA2 and COX2. To assess the effect of arachidonyl 
trifluoromethyl ketone (AACOCF3) (Sigma-Aldrich, 30 mg/kg, dissolved in 0.5% 
DMSO), each animal received 20 μL of the compound by endovenous route 30 min 
(n = 5) before injecting sPLA2; there was a significant decrease in the edema, 
revealing a maximum edema of 0.218 ± 0.018 mL (n = 5). About 20 μL of N-[2-
(cyclohexyloxy)-4-nitrophenyl]methanesulfonamide (NS-398) (Cayman Chemical, 
30 mg/kg, dissolved in 0.5% DMSO) was injected intravenously 30 min prior to 
application of sPLA2, and the peak of the resulting edema was 0.146 ± 0.021 mL 
(n = 5), which is also significantly lower than the edema peak induced by sPLA2.

The Figures 1 and 2 show that sPLA2 triggers proinflammatory activity by a 
signaling pathway involving PKC and PLC. In the case of PLC, two products are 
generated, diacylglycerol (DAG) and inositol triphosphate (IP3), which can induce 

Figure 3. 
Values of edema induced by sPLA2 of Cdt at the adjusted concentration of 10 μg/site (n = 5). (A) The effect of 
the inhibitor of PKC (PKC inhibitor 30′) and inhibitor of PLC (PLC inhibitor 30′). In (B), we evaluated the 
edema induced by sPLA2 in the presence of a specific inhibitor of cPLA2 (AACOCF3) and inhibitor of COX2 
(NS-398).
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the phosphorylation of several proteins [14, 39–43]. Thus, the sPLA2 of Crotalus 
durissus terrificus venom may induce an increase in AA metabolism through the 
interaction of Cdt sPLA2 with G-protein coupled cellular receptors, which activate 
PLC, generating PUFAs and AA. Figures 2 and 3 present evidence of intercon-
nections and pathways that generate AA, PLC, and PKC, with cPLA2 and COX2 
revealing a possible route of signaling and mobilization of AA, and which could 
include PUFA release from membrane phospholipids. Figure 2 also shows that the 
edema induced by sPLA2 involves the presence of ROS and lipid peroxidation, and 
that the AA produced can be oxidized to generate MDA as one of the byproducts 
[39, 44–46]. The results shown in Figures 2 and 3 suggest that increased cellular 
oxidative stress and AA mobilization happen intensely and quickly. In this work, we 
have shown a possible mechanism of edema action induced by sPLA2 from Crotalus 
durissus terrificus, suggesting that the enzymatic activity of Cdt sPLA2 may partici-
pate in the inflammatory process, but this activity could also involve the presence of 
cellular receptors. sPLA2 induces two mechanisms. One mechanism increases oxi-
dative stress, especially in the form of hydrogen peroxide, which leads to increased 
MDA concentrations; thus, increased oxidative stress has a relevant role in the 
course of edema. On the other hand, edema induced by sPLA2 also involves a PLC 
signaling pathway, which mobilizes IP3 (and intracellular calcium) and DAG. These 
two compounds potentiate the PKC signaling pathway and can lead to a significant 
increase of cPLA2 through cPLA2 phosphorylation, and this results in enhanced 
AA metabolism via COX2, an enzyme that could be a second important point in the 
control of induced inflammation by sPLA2 from Crotalus durissus terrificus.

5.  “To be or not to be” enzymatically active important for Cdt sPLA2 
inflammation

A great question that arises for characterizing the pharmacological and biological 
activity of Cdt sPLA2 is the importance of the enzymatic activity of sPLA2. For many 
years, several studies concluded that all biological, physiological, pharmacological, 
and pathological activity depended on the enzymatic activity of sPLA2, and this 
remained unanimous until the 1990s. In 1984, the structure and function of the 
basic sPLA2 of Agkistrodon piscivorus were elucidated, leading to the first structural 
characterization of basic Lys49 sPLA2 [47]. This enzyme also exhibits a moderate 
enzymatic activity on membrane phospholipids [47]. Subsequently, several works 
with purified Lys49 basic sPLA2 from snake (Bothrops sp.) were able to induce several 
pharmacological activities, such as pronounced edema, myonecrosis, oxidative stress, 
nephrotoxicity, insulin degranulation, and anticoagulant activity [17, 48–52]. In the 
case of the sPLA2 from Cdt, it was observed that its enzymatic activity can be practi-
cally abolished through treatment with certain compounds. Numerous natural com-
pounds have the potential to downregulate or modulate the PLA2 activities, as well as 
other enzymes involved in AA metabolism, including cPLA2 or enzymes involved in 
prostaglandin metabolization [52–56]. One of the most abundant polyphenols in the 
human diet, 5-caffeoylquinic acid (5CQA), exerts potent anti-inflammatory, anti-
bacterial, and antioxidant activities. The anti-inflammatory activity of 5CQA may 
involve multiple mechanisms of action, including the inhibition of the production 
and secretion of chemical mediators involved in the inflammatory process.

In Figure 3A, we show the effect of 5CQA on edema induced by purified sPLA2 
from Cdt. When incubated with sPLA2, 5CQA forms a stable molecular complex 
and may interact with the catalytic site of the protein and strongly decrease its 
enzymatic activity, changing the secondary structure and leading to the virtual 
abolishment of sPLA2 enzymatic activity. The edematogenic assay performed with 
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native sPLA2 and 5CQA incubated with sPLA2 clearly showed that edema induced 
by sPLA2:5CQA was not abolished, but significantly diminished (Figure 4A). Thus, 
in part, the anti-inflammatory effect of 5CQA probably involves the downregula-
tion of pharmacological and enzymatic activity of sPLA2 [57, 58]. In Figure 3B,  
we show the effect of p-bromophenacyl bromide (p-BPB) and umbelliferone 
(7-HOC) on edema induced by sPLA2. These data reveal that previous treatment 
with sPLA2/7-HOC highly decreased the proinflammatory effect induced by sPLA2 
purified from Cdt, whereas previous treatment with p-BPB abolished this effect.

Unlike flavonoids, both compounds 7-HOC and p-BPB chemically react with 
the structure of sPLA2 and form highly stable molecular complexes, both inducing 
large structural modifications that lead to the virtual abolishment of the enzymatic 
activity of sPLA2. However, the edematogenic experiments conducted with both 
compounds incubated with sPLA2 did not abolish the proinflammatory effect 
induced by the protein, as shown in Figure 3B. Thus, in this case, comparison 
between the results from pharmacological assays suggests that the abolishment of 
enzymatic activity did not suppress or inhibit the pharmacological effect of sPLA2. 
This paradox between enzymatic activity and pharmacological effect suggests that 
at least one more complex pharmacological mechanism is involved in the enzymatic 
activity, which is independent of the enzymatic activity only. These facts suggest 
the existence of a distinct pharmacological site, as already proposed by [10, 20].

Figure 4. 
In (A), we show paw edema induced after the injection of sPLA2 and sPLA2:5CQA (10 μg/paw) into the 
right paw of Swiss mice. Measurements were performed after 30, 60, 120, 180, and 240 min, and statistical 
differences were observed with sPLA2 incubated with 5CQA. In (B), we show enzymatic activity analyzed 
using 4N3OBA as a substrate, then monitored at a wavelength of 425 nm. In this condition, we examined the 
effect of the substrate on the enzymatic activity of the native and 5CQA-pretreated sPLA2 (sPLA2:5CQA). 
Chemical treatment of sPLA2 with 5CQA shifts both the Km and Vmax of the native sPLA2. In (C), we show 
the mouse paw edema induced by untreated sPLA2 and sPLA2 treated with umbelliferone (sPLA2:7-HOC) or 
with p-bromophenacyl bromide (sPLA2:p-BPB). Doses of 10 μg/paw were used. Observations were conducted 
at intervals of 30, 60, 90, 120, and 180 min. (D) Results of enzymatic kinetic analysis of untreated (sPLA2) 
and 7-HOC- or p-BPB-treated sPLA2 (sPLAs:7-HOC) using 4N3OBA as substrate. sPLA2 Vmax; sPLA2:7-
HOC Vmax. For the enzymatic assay results in (B) and (D), each point represents the mean ± SEM of n = 12 
and *p < 0.05, and in (A) and (C), each point represents the mean ± SEM of five experiments and *p < 0.05.
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The authors performed several mutagenesis experiments besides those analyzing 
its catalytic site; there is another pharmacological site located in the calcium bind-
ing loop, and the presence of a second pharmacological site has also been consid-
ered by [8, 59, 60]. Thus, the enzymatic activity of sPLA2 from Cdt is not crucial for 
its pharmacological effect and involves other molecular regions, which are col-
lectively designated as pharmacological sites [51, 61]. Some studies performed with 
sPLA2 from Crotalus durissus ssp. showed that the calcium binding loop is involved 
in the pharmacological activity [57], and others performed by [52] showed that 
regions close to the active site of sPLA2 could also be involved. According to [54], 
the C-terminal region could also participate in the interaction with pharmacologi-
cal receptors. Even so, the crucial and commonly raised point is that the decreased 
enzymatic activity of Cdt sPLA2 is not accompanied by a proportional decrease in 
the proinflammatory activity of this enzymatic toxin, as shown by treatment of Cdt 
sPLA2 with p-BPB (Figure 4).

6.  Analysis of peroxiredoxins during edema induced by sPLA2 from 
Crotalus durissus terrificus

Oxidative stress is implicated in numerous proinflammatory responses in mam-
malian cells. H2O2 is known to trigger the release and metabolism of AA in various 
cell types, but the mechanisms involved appear to diverge profoundly from one cell 
to another. Thus, mobilization of AA in response to oxidative stress appears to be a 
very complex process involving potentially multiple enzymes and pathways. Studies 
reveal that the pathological actions induced by sPLA2 from snake venom involve 
the induction of significant increases in proinflammatory mediators that may also 
induce a significant rise in reactive oxygen species levels, which can effectively 
lead to the establishment of numerous events. Thus, the decrease or control of the 
concentration of these reactive oxygen species may contribute to the decrease of 
several pathological actions induced by the A2 secretory phospholipase venom. This 
is evidenced in some studies, such as those that used plant extracts with antioxidant 
action. The increase in the cellular oxidative process resulting from the mobiliza-
tion of AA is, in short, associated with the mobilization of H2O2 [62–64]; however, 
this event is not known to be the case for the sPLA2 found in several snake venoms. 
Some studies show that there is a direct cause and effect relationship between 
the increased expression of several calcium-dependent PLA2 isoforms and the 
increased concentration of hydrogen peroxide. Besides, this mechanism involves 
the presence of G-protein-bound cellular receptors and the consequent protein 
kinase activation. In addition, much data support the possible existence of cross talk 
between cPLA2 and sPLA2 while eliciting a full AA release response [63, 65, 66]. 
During the action of secretory and cytosolic A2 phospholipases, a large amount of 
AA is produced, which can be considered one of the major components that may be 
reduced via enzymatic peroxidation to prostaglandins, leukotrienes, thromboxanes, 
and other cyclooxygenase-, lipoxygenase-, or cytochrome P-450-derived products. 
Thus, during the process of oxidative stress, AA and other bioactive lipids can be 
converted into lipid hydroperoxide (LOOH). LOOHs are the primary products of 
lipid peroxidation, which are relatively stable and long lasting compared to other 
ROS. Among the many different aldehydes, which can be formed as secondary prod-
ucts during lipid peroxidation, MDA appears to be the most mutagenic [36, 56, 67].

The most accepted paradigm is that oxidative stress initiates a chain reaction of 
lipid peroxidation, which can be reduced by the presence of tocopherol  
(e.g., vitamin E) or some other chain-breaking antioxidant. However, several 
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studies have shown that these antioxidants do not neutralize the oxidized phos-
pholipids that were formed prior to the application of these compounds. Thus, 
lipid peroxidation is not spontaneously reversible, and enzymatic pathways that 
return lipids to their reduced states have been described. On the other hand, several 
authors showed that peroxiredoxins (Prxs), particularly Prx 6, play an essential 
role in the reduction of H2O2 and short hydroperoxides; besides, they can directly 
reduce phospholipid hydroperoxides. Prxs are thiol-dependent peroxidases that 
catalyze the reduction of a wide variety of hydroperoxides, and the catalytic activity 
is provided by the presence of a highly conserved catalytic cysteine residue, whose 
oxidation by hydroperoxide generates sulfenic acid (Cys-SOH). The Prx reduction 
mechanism involving Cys-SOH is a matter of debate, with glutaredoxin 2 (GRX2), 
thioredoxin 3 (Trx3), thioredoxin reductase 2 (Trr2), and ascorbate being proposed 
as possible reducers [68–70]. Several other studies revealed that, during oxidative 
stress, several Prxs are overexpressed, which can be used as a sensor of oxidative 
stress in several cells [71–73]. Thus, Prxs represent a group of antioxidant proteins 
able to decompose several types of hydroperoxides at rates of 105–8 M/second. These 
enzymes utilize a cysteine residue, which, after the peroxide decomposition, oxi-
dizes (CP-SOH), forming a disulfide bond with a second cysteine, which is reduced 
by the enzymes thioredoxin (Trx) and thioredoxin reductase (TrxR). In addition, 
several drugs have been characterized as peroxiredoxin inhibitors, and their use has 
been helpful in unraveling the physiological and biological roles of certain perox-
iredoxins. Among these Prx inhibitors, the best known is adenanthin (Adn), which 
inhibits Prxs I, Prx II, and other thiol-dependent antioxidant enzymes [74, 75]. 
Another commercial drug is MJ33, which is described as a potent inhibitor of Prx 
6, an extremely essential enzyme for regulating oxidative stress, inflammation, 
and NADPH oxidase (NOX)2 activation [76]. In addition, conoidin A (ConA) is 
characterized as a potent inhibitor of peroxiredoxin II, an antioxidant enzyme that 
acts in the intracellular signaling and defense against oxidative stress [77]. Enzyme 
inhibition is one of the ways in which enzyme activity is regulated experimentally 
and naturally.

In the case of the pharmacological tests, inoculation of 5 μg sPLA2 purified from 
the total venom of Crotalus durissus terrificus induced an inflammatory reaction, 
revealing a typical acute edema with a peak at 60 min (Figure 5). To assess the 
effects of inhibitors, MJ33, ConA, and Adn were injected intraperitoneally (2 μg/g 
mice) 30 min prior to administration of PLA2 isolated from Cdt venom. As shown 
in Figure 5A, MJ33 showed insignificant anti-inflammatory activity that was only 
observed along with the edema peak. Figure 5B shows the effect of ConA admin-
istrated before sPLA2, revealing insignificant inhibition of edema. Although both 
MJ33 and ConA are essential Prx inhibitors, they display some limitations, as found 
with MJ33, which is a specific inhibitor of Prx 6. Prx 6 is a complex Prx, exhibiting 
its maximal antioxidant activity only at acidic pH values [78].

Prx 6 shows calcium-independent phospholipase A2 enzyme activity that is 
also maximal at acidic pH [79]. The determination of its functional and enzymatic 
properties was recently elucidated. The low MJ33 inhibitory effect observed in our 
study could have been due to the presence of a calcium-independent PLA2 domain. 
Some studies showed that Prx 2 appear to be an essential negative regulator of 
LPS-induced inflammatory signaling through modulation of ROS synthesis via 
NADPH oxidase activities; therefore, Prx 2 is crucial for the prevention of exces-
sive host responses to microbial products [80]. Although ConA shows the ability 
to covalently inhibit Prx 2 activity, the results presented in Figure 5B suggest that 
Prx 2 does not play a relevant role in reducing edema induced by Cdt sPLA2. On 
the other hand, LPS stimulates monocytes/macrophages through Toll-like receptor 
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4 (TLR4), resulting in a series of signaling activation events, which potentiate the 
production of inflammatory mediators, such as IL-6 and TNF-α [81, 82]. The results 
presented in Figure 5C clearly show that thiol-dependent antioxidant enzymes play 
an essential role in edema control and recovery induced by sPLA2 purified from 

Figure 5. 
In (A), we show paw edema induced after the injection of sPLA2 and sPLA2:MJ33 (5 μg/paw) into the right 
paw of Swiss mice. Measurements were performed after 30, 60, 120, 180, 240 and 480 min, and statistical 
differences were observed with sPLA2 applied after MJ33 injection 30 minutes before sPLA2 injection. In (B), we 
show paw edema induced after the injection of sPLA2 and sPLA2:ConA (5 μg/paw) into the right paw of Swiss 
mice. Measurements were performed after 30, 60, 120, 180, 240 and 480 min, and statistical differences were 
observed with sPLA2 incubated with ConA (conoidin A) applied 30 minutes before sPLA2. In (C), we evaluate 
the effect of sPLA2 in comparison with adenanthin (Adn) previously applied 30 min before sPLA2. Each point 
represents the mean ± SEM of five experiments and *p < 0.05.
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Cdt, and, similar to ConA and MJ33, these enzymes did not exhibit an inhibition 
or decrease of the edema peaks that occur at 60 min. Figure 5C also reveals that 
the edematogenic effect induced by sPLA2 diminished after 60–90 min, and the 
hind paw volume returned to its normal volume after 240 min. However, in ani-
mals treated with Adn 30 min before the sPLA2 injection, the edematogenic effect 
persisted for even 8 h after the experiment.

7. Conclusion

During inflammation (edema), induced by purified sPLA2, arachidonic acid 
generation and its metabolization by COX2 during the edema play crucial roles 
during this pharmacological event. Arachidonic acid can be mobilized by the 
catalytic activity of sPLA2 from Crotalus durissus terrificus (or other sources) 
or by activation of cytosolic PLA2. The enzymatic activity of secretory PLA2 
(sPLA2) was not crucial for this initial mobilization, and the presence of sPLA2 
receptors plays a crucial role in the mobilization of high amounts of arachidonic 
acid (AA). The classic AA production pathway, which basically involves cPLA2 
modulation, also involves the interaction of a more complex pathway that includes 
the activation of PLC, producing IP3 and DAG. In turn, IP3 and DAG activate 
PKC, stimulating a strong increase of AA by cPLA2 [1, 83, 84]. However, AA 
is also mobilized by two other distinct pathways. One involves PLC activation, 
which has an essential role in AA production by DAG lipase and MAG lipase. In 
this pathway, catalysis leads to diacylglycerol hydrolysis, releasing a free fatty acid 
and monoacylglycerol as 2-acyl glycerol, which is converted to AA by MAG lipase 
action [85–87].

Another pathway that is initiated during AA mobilization involves the release of 
platelet aggregation factor (PAF)—another subproduct of the enzymatic hydrolysis 
of membrane phospholipids that cross through the cell membrane—and its specific 
receptor (PAF receptor or PAF-R) leads to the stimulation of PLC by G-protein 
[83, 88]. Thus, it is possible that sPLA2 from snake venom, such as venom from 
Crotalus durissus terrificus, mobilizes AA by three different pathways, and AA 
oxidative metabolism is a key factor that induces increased ROS and oxidative stress 
during edema. In addition, there are several studies that show AA production is an 
important way to increase the generation of hydrogen peroxide during inflamma-
tion. Thus, it is possible that the action of sPLA2 also increases cell oxidative stress 
and AA metabolism, culminating in the production of PGE2 and MDA [36]. All this 
occurs through the interaction of sPLA2 with its receptors to modulate the activity 
and function of cPLA2 and iPLA2, inducing a significant increase in AA metabo-
lism and COX2 expression, a fact that contributes to the production of free radicals 
(Figure 6) [45, 89–95].

Several studies have shown that arachidonic acid produced by the action of 
sPLA2 and cPLA2 can activate NADPH oxidase (NOX) enzymes and induce 
a significant increase in hydrogen peroxide, which gains entry to the intracel-
lular environment through aquaporins and has a predominant role in increasing 
cellular oxidative stress [91–96]. This would explain the importance of thiol-
dependent antioxidant enzymes playing key roles in the control of edema induced 
by Crotalus durissus terrificus sPLA2. On other side, the inflammation (edema) 
induced by sPLA2 involves the mobilization of arachidonic acid and hydrogen 
peroxide, and both are the main elements involved in the inflammatory process. 
The data compiled in this work suggest that oxidative stress is integral in the 
progression and maintenance of inflammation (edema) induced by sPLA2 from 



Inflammation in the 21st Century

50

Crotalus durissus terrificus. Furthermore, our results show that Crotalus duris-
sus terrificus sPLA2-induced edema is strongly regulated by thiol-dependent 
enzymes, and that adenanthin (Adn) was able to neutralize this control and the 
inflammatory process (edema).

On the other hand, several articles have reported that natural antioxidant 
compounds, such as flavonoids and related substances, when given prior to sPLA2 
injection, have significant anti-inflammatory activities. This probably stems from 
the ability of many of these compounds to partially inhibit the enzymatic and 
pharmacological activities of sPLA2 from Crotalus durissus terrificus, as well as from 
their strong antioxidant activities [53–56, 97]. Thus, the search for new natural 
compounds with anti-inflammatory properties remains an important area of 
research.

Figure 6. 
Summary of possible inflammation mechanism of Cdt sPLA2 action during the inflammatory process.
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Abstract

This chapter will discuss the expected edema and intercurrences in maxillofacial 
surgery, which involves important anatomical structures, such as the upper airways. 
It will also discuss important issues such as intrinsic and extrinsic enhancers of edema 
and the main consequences of a severe edema setting according to physiological, 
functional, and psychosocial points of view. Edema assessment and measurement is 
still performed subjectively in the clinical routine. However, for the accomplishment 
of studies, more objective forms are being tested, but still not very successful for 
clinical applicability. It is known that the best way to deal with edema is prevention; 
so in elective surgeries, much is discussed about the best management forms. This 
way, besides edema prevention, it is important not to cause unwanted reactions for 
the patient or in the performed procedure. Therefore, it will also be debated about 
preoperative medications and their consequences. Another point discussed involves 
main treatments for the underdeveloping edema and the one already installed, such 
as manual lymphatic drainage therapy, a treatment that is well known and used in 
other specialties, but is still very little widespread among maxillofacial surgeons.

Keywords: edema, oral surgery, maxillofacial surgery, postoperative period, 
postoperative care

1. Introduction

Every surgical procedure presents pain and edema in a variable degree, and 
many pharmacological and alternative methods have been used in an attempt to 
control and reduce them.

Maxillofacial surgery acts on the patient’s face. The maxillofacial surgical pro-
cedures include outpatient surgeries using local anesthesia and also more extensive 
and invasive procedures under general anesthesia. The most used procedures are 
exodontia, biopsies, surgical cysts and tumors treatment, bone grafts, rehabilita-
tions with osseous integrable implants, orthognathic surgery, face trauma treat-
ment, and infections treatments.

An inflammatory response is expected after any injury or surgical procedure, 
in an attempt to defend and repair damage tissues. Inflammatory mediators (pros-
taglandins, leukotrienes, bradykinin, and others) are released, and consequently, 
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there is an increase in vascular dilatation and permeability, resulting in an edema. 
However, when it comes to facial edema, the major concerns are related to airway 
permeability, making the care with this edema a fundamental step for the treat-
ment. It is known that in outpatient surgeries, the extent and the consequence 
related to edema are smaller and more predictable than in hospital surgeries, but 
not less important, as we will discuss further on the topic of complications.

Many studies discuss the importance of edema for such surgeries, especially 
outpatient procedures, which not always presents significant amounts of edema. 
Besides that, the discussions about the treatment are not conclusive.

Edema is characterized by the excess of plasma proteins in the interstitial space. 
Its formation occurs when the lymphatic flow exceeds the transport capacity of 
the lymphatic system or when this system becomes inefficient in absorbing and 
transporting these proteins [1]. Although the primary edema is a condition usually 
developed by vascular and/or congenital diseases, the secondary edema occurs due 
to a lymphatic system injury, whether by infection, cancer, or surgery [2, 3].

2. Edema: risk factors

Despite the fact that the edema is part of the inflammatory process, and there-
fore, a consequence of the surgical process, the severity and localization of it can be 
related to some factors, intrinsic to the patient or related to the surgery.

The increase in the surgical procedure difficulty due to one or more of these factors 
directly influences on the severity and extension of the postoperative morbidities [4].

2.1 Preexisting conditions

Any condition that affects postsurgical inflammatory response directly inter-
feres with the postoperative quality, recovery, and also with the edema formation. 
Therefore, all efforts are made to maintain airway permeability and prevent its 
obstruction.

An worrying condition is the angioedema, which results from changes in the 
immunoglobulins involved in the inflammatory response. Due to the fact that is a 
severe, acute, and rapidly evolving edema that mainly affects the larynx, pharynx, 
and face, there is a great risk of airways obstruction, and therefore, it is associated 
with reintubation and risk of death [5–8].

Unfortunately, the occurrence of angioedema is a difficult prediction factor, 
mainly if the patient never presented its manifestation. For this reason, a rapid and 
accurate diagnosis is essential, as well as the establishment of artificial airways and 
adequate drug treatment [6–8].

2.2 Body mass index (BMI)

The BMI consists in the division of ratio of body weight per height of the 
individual. Despite there is no consensus in the literature, some studies have related 
BMI with the severity of postoperative edema [4, 9–11].

Although is expected that individuals with higher BMI (overweight) develop 
greater edema, this correlation is not always found. Therefore, on those studies, 
other variables such as age and gender were considered more influential than BMI 
in the postoperative edema formation [4, 9].

The relation between BMI and the facial edema occurs because adipose tissue 
is responsible for most of the pro-inflammatory cytokines. So people with a higher 
BMI have more adipose tissue, more inflammatory biomarkers and, consequently, 
greater inflammation and greater edema [11, 12].
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In the literature, a positive correlation between BMI values and developed edema 
is observed. Thus, individuals with higher BMI develop greater edema, but their 
rate of reduction is faster in the first postoperative days [10, 11]. However, individu-
als with lower BMI develop smaller edema, and although the rate of reduction in the 
first postoperative days is slower, the total resolution of edema occurs before than in 
people with a high BMI [10].

2.3 Operative time

The duration of surgery is appointed as one of the predictive factors for a 
greater or smaller postoperative edema. This is because a longer surgery requires 
a greater manipulation of the tissues, and consequently, a greater inflammatory 
process [4, 13–16].

The increasing of the surgical time can occur due to factors related to the surgery 
and intrinsic to the patient, such as age and anatomical variations. In addition of it, 
the surgeon’s experience is related to the increasing or decreasing of the operative 
time [13, 15, 17].

The operative time is predictive not only for the amount of edema, but also to 
the intensity of pain and trismus. This is due to a bigger trauma or intraoperative 
complications, which is directly related to the increase in surgical time [4, 14, 16]. 
Thus, although studies indicate that there is a correlation between high surgical 
time and greater postoperative edema, factors that caused an increasing of the 
surgical time must be considered.

2.4 Type of surgery and surgical trauma

The type of surgery performed interferes directly in postoperative edema. Thus, 
large surgery (such as orthognathic surgery) is expected to cause a greater inflam-
matory process and, therefore, larger and more diffuse edema than minor surgery 
(third molar extraction, for example) [14, 18].

However, when it comes to the same type of surgery, variations can occur 
depending on the surgical difficulty level. It is expected that a major difficulty 
surgery occurs in a longer surgical time and causes a more intense and extensive 
surgical trauma. Therefore, the inflammatory process will be bigger, as well as the 
postoperative edema [4, 11, 14, 16, 19].

Some factors can contribute to the increasing of the surgery difficulty level, 
such as denser bones, teeth with roots formed and consolidated in the bone by 
masticatory stimuli, quantity of procedures, and unfavorable dental position  
[9, 11, 14].

The position of the third lower molar closer to the lingual wall appears to result 
in more severe postoperative edema, due to a more extensive surgical trauma in 
consequence of the bone amount removed [11]. In addition, the distal and hori-
zontal position of the teeth is related to the greater postoperative edema, as the 
need to perform osteotomy and odontosection, which results in a greater surgical 
trauma [14].

In large surgeries such as orthognathic surgery, factors like the duration of the 
surgery, combined procedures (maxillary and mandibular osteotomy and mento-
plasty) and bone density are related to the amount of postoperative edema. Thus, 
surgeries in only one of the jaws present less surgical trauma than the bimaxillaries, 
and therefore, develop smaller edema. When it comes to bone density, thicker and 
denser bones cause more difficulty in the osteotomies, increasing surgical trauma 
and inflammatory process [18, 20].

Surgeries involving maxilla, such as Le Fort I osteotomy, result in greater inter-
nal edema to the cavities, increasing the risk of airways obstruction [18].
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2.5 Surgeon’s experience

It is very difficult to evaluate the experience of one surgeon, since there are no 
preestablished protocols to separate experienced surgeons from inexperienced. 
Some papers use the classification based on the training phase in which the surgeon 
is, others how long the surgeon is graduated, or even the amount of surgeries 
already performed by the professional [14, 17, 21, 22].

Surgeon’s experience indirectly interferes with postoperative edema. This is because 
it does not directly affect the factors that converge to the edema formation, but rather 
those that are related to the severity of the postoperative edema [14, 17, 21, 22].

The greater the experience of the surgeon, the lower is the occurrence of postop-
erative complications. In addition, the more experienced surgeon is capable to solve 
more quickly and efficiently intraoperative complications, as well as perform the 
surgical procedure accurately. And more, the surgeon’s experience is closely related 
to possible planning errors (such as implant and orthognathic surgeries) and execu-
tion. Less experienced surgeons are more likely to make these mistakes, culminating 
in the prolongation in the surgery duration and even possible the need for surgical 
reintervention [17, 21, 22].

Therefore, the surgeon’s experience interferes in the surgical time, trauma exten-
sion, and blood loss, which are decisive factors for the inflammatory process and, 
consequently, for postoperative edema [14, 21].

2.6 Blood loss

Although there are no studies relating the amount of transoperative bleeding 
to edema, it is known that there is a relation between blood loss and postoperative 
quality.

Lymphedema is characterized by the increasing volume of a body segment. 
However, this swelling is not always present only by edema, especially in the post-
operative cases. Hematomas and clots also cause enlargement of the region volume. 
That way, trans- and postoperative bleeding contributes to swelling, as there is an 
increase in the body segment volume but, unfortunately, it is not possible to clearly 
distinguish whether it is edema, hematomas, or the combination of them [23].

Besides that, the amount of blood lost during surgery influences the inflamma-
tory process. The greater the bleeding, the more intense and lasting is the inflam-
matory process, and the greater is the postoperative edema [18, 20].

Due the fact that these surgeries are performed in oral cavity, there is a possibil-
ity of swallowing blood during the surgical procedure. Besides the malaise caused 
by blood loss, postoperative vomiting increases the pressure in the newly operated 
region and causes an increasing of the edema. In addition, due to the bleeding 
caused by the pressure increasing, there may be formation and/or increasing of 
hematomas [24–26].

Therefore, strategies are necessary in order to reduce the amount of bleeding 
and, consequently, not only to improve postoperative quality, but also to help 
control facial edema and reduce the period of hospitalization after oral and maxil-
lofacial surgeries.

2.7 Induced hypotension

The mean arterial pressure interferes directly in the bleeding and, thus in surgi-
cal time. Lower mean blood pressure reduces transoperative bleeding, reducing 
as well the amount of blood lost, improving the visualization of the surgical field, 
reducing surgical time, and the formation of hematomas and swelling [27–30].
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The hypotension induced during surgery is a strategy to improve the surgical 
field through the reduction of bleeding and consequently reducing surgical time 
and postoperative inflammatory process [24, 27, 28, 31]. Induced hypotension, or 
controlled hypotension, is defined by the reduction of systolic blood pressure to 
80–90 mmHg with a reduction in mean arterial pressure (MAP) to 50–65 mmHg 
or a 30% reduction in MAP [30, 32]. It is obtained through medicament during 
anesthesia. Despite being considered safe and presenting proven benefits, induced 
hypotension requires preparation and good skill of the anesthesiologist and should 
not be maintained for long time due to hypoperfusion risks of the organs such as the 
central nervous system (CNS), heart, liver, and kidneys [29, 32].

Although in the current literature have not yet been found studies that have 
investigated the correlation between hypotension induced in face surgeries and 
postoperative edema, hypotension is capable to improve several factors involved 
with the development and amount of edema.

2.8 Age

The age at which the patient is operated has been pointed out as one of the 
predictive factors for the development of bigger or smaller edema. Despite studies 
attempt to find this relation, there is still no consensus on the relation between age 
and severity of developed edema [4, 14, 15, 33, 34].

On the one hand, some authors argue that face surgery in younger individuals 
results in less difficulty in the procedure and consequently less surgical trauma and 
less edema [11]. On the other hand, there are authors who affirm that the reduction 
of the inflammatory response and diminution of the lymphatic system elasticity 
occur with the increase in the age. Thus, older individuals develop less edema and 
have less efficacy of the lymphatic system [4, 14–16, 33–35]. Besides that, older 
patients have a prolonged inflammatory process and, therefore, slower reduction of 
edema [15].

2.9 Gender

Another factor pointed as an influencer in the formation of edema and its 
quantity is gender. Although is expected that women develop greater swelling due to 
hormonal variations, use of oral contraceptives, and bigger risk for dry socket, the 
male gender is pointed out in studies as being more predisposed to a greater amount 
of postoperative edema [11, 13, 34].

Factors such as increased bone density and thickness and stronger muscles can 
do postoperative edema to be more severe in men than in women. This is because 
they are factors that directly interfere in the level of difficulty and quantity of surgi-
cal trauma, injuring more lymphatic structures and increasing the inflammatory 
response, generating more edema [11, 34].

However, the smaller thickness of the female mandible increases the chances of 
fracture of the mandibular ramus during third molar extraction, increasing surgical 
trauma [4, 13].

Anyway, this significant difference in the amount of developed edema is observed 
on the first postoperative day, but it is irrelevant on the seventh day [11, 34].

Thus, even in studies in which the amount of postoperative edema does not pres-
ent a significant difference between the genders, the extent of surgical trauma and 
the occurrence of intraoperative complications are indicated as the main influential 
factors for the severity of postoperative edema [10, 19]. However, the occurrence 
and intensity of these factors are difficult to predict, so that is the reason to consider 
the gender and its risk factors and predict the level of the surgery difficulty.
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2.10 Vomiting

The presence of nausea followed or not by vomiting is a factor that can be 
observed in clinical practice. Increased patient effort during vomiting increases 
facial edema and also stimulates postoperative bleeding. However, although the 
relation between nausea and vomiting with edema is not mentioned in the litera-
ture, it is a fact that can be verified in clinical practice, especially in the postopera-
tive period of orthognathic surgery.

2.11 Postoperative rest

Another important factor related to the control or prevention of edema forma-
tion consists on the postoperative rest and positioning of the patient. It is known 
that the dorsal decubitus tilted by approximately 30° decreases the pressure in the 
face blood vessels and helps to control the bleeding and edema.

After surgery, the periosteum is detached in the operated region. Thus, the 
mobilization of this periosteum, by movement or compression of this region, 
stimulates the inflammatory response potentiating the edema.

Although these factors are not in specific scientific studies, clinical observation 
makes it possible to affirm the importance of both bedside and resting care in the 
postoperative period of face surgeries.

3. Forms of evaluation and edema measurement

In maxillofacial surgery, the observation, control, and reduction of edema are 
important postoperative factors, due to the possibility of airway compromise. In 
this way, surgeries with potential formation of exacerbated edema should present 
evaluation and control of this condition, in order to assist the decision related to the 
maintenance or replacement of the edema treatment protocol.

Between the techniques described for evaluating edema, the most used ones 
clinically are subjective, and are totally dependent on the professional’s experience 
and on the patient’s report. Although there are more objective methods of clini-
cal evaluation with good reproducibility, these are limited to the upper and lower 
limbs, making it impossible to apply to regions such as head and neck [35, 36].

In the head and neck regions, most of the methods reported in the literature 
measure the edema by the distance between two points, based on anatomical 
points, such as mandibular angle, lateral, and medial epicanto of the eyes and 
middle of the chin.

Other measurement devices that provide more accurate data about the changes 
related to edema values include imaging exams. However, due to the fact that it 
involves high cost and exposes the patient to ionizing radiation, these techniques 
need specific indication [37]. Ultrasonography (US), magnetic resonance imaging, 
and computed tomography are examples of usable exams [38]. The US presents 
changes in the echogenicity of its images, which are not specific for volume changes 
caused by increasing of subcutaneous fluids [39]. In addition, to the face part, the 
echographic measurement does not always point the more swollen site due to the 
reproduction of the distances from the skin to the bone, which leads to imprecise 
and disproportionate results [40].

Bioelectrical impedance is another method described in the literature for the 
measurement of edema. This technique measures the amount of peripheral and 
total fluid in the body. However, low-cost and easily applicable devices for measur-
ing body edemas as well as limbs are still scarce [36].
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The evaluation methods developed for use in researches have evolved greatly. 
The first studies used subjective methods and difficult reproducibility, which made 
them less reliable in relation to the real magnitudes and behavior of edema. Van 
Gool et al. and Album et al. demonstrated the lack of correlation between subjective 
evaluations and objective measures of edema [41–43]

The measurement methods should be capable of being used in clinical and patient 
tolerable trials. Thus, portable devices were studied with the objective that they could 
be easily used with precision and transported to the place where the patient is, mak-
ing possible to obtain early measures and follow-up of the edema [42, 44].

Therefore, objective measurement methods represent a more appropriate 
approach to the problem. However, these measurements should be evaluated and 
validated by doing repeated measurements on untreated individuals to verify its 
accuracy.

The methods already tested and used in studies were [45, 46]:

• facial bow method;

• ultrasound method;

• stereophotographic method;

• method of cuboid element;

• measurements with tape measure;

• sonographic evaluation;

• photo evaluation;

• face scanning; and

• evaluation with 3D mold.

4. Complications related to the postoperative edema

The early stage of inflammation presents accumulation of fibrin and polymorpho-
nuclear neutrophils in the extracellular space of injured tissues. The processes that 
occur in this phase are vessel diameter change, increased vascular permeability, exu-
date formation and migration of neutrophil cellular exudates into the extravascular 
space. The chemical mediators of acute inflammation include histamine, prostaglan-
dins, leukotrienes, serotonin, and various cytokines. It is known that prostaglandin 
associated to bradykinin has the most potent pain-activating effect [14, 47, 48].

The control of inflammation and, therefore, swelling aims to reduce pain and 
improve life quality in the postoperative period. The processes of the inflammatory 
mediator may last up to 96 hours.

Trismus occurs as a result of muscle spasm caused by the inflammatory process. 
In this process, there is compression of the nervous structures by the edema, leading 
to the limitation of movement accompanied by a painful sensation, which can be 
from discomfort to severe pain [14, 47, 49].

Although it is subjective and dependent on several factors, the evaluation of 
postoperative pain in maxillofacial surgeries is essential, since this is one of the 
main complaints of operated patients and is directly related to edema. Therefore, 
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pain, edema and trismus are consequences of the formation and release of prosta-
glandins, bradykinins, and other mediators of inflammatory response [14, 47].

Patients with moderate and severe edema may be unable to discern pain from 
discomfort caused by stretching of the skin by increased facial volume. In addition, 
the pain is related to the patient’s emotional state, being influenced directly by their 
mood, level of satisfaction, and well-being [18, 20, 50].

Therefore, edema can also cause psychological and emotional problems due to 
the esthetic alteration of the affected body segment [50]. The maxillofacial surger-
ies carry great esthetic and functional expectations. However, patients, although 
relieved to have undergone surgery, may present mood swings due to the difficulty 
of self-care, pain, and edema. Changes in body image are one of the major com-
plaints related to edema [20].

Edema can also influence self-care. This is because it makes feeding and oral 
hygiene difficult because it prevents proper visualization of the oral cavity and lim-
its the range of mandibular movement. In addition, patients submitted to orthogna-
thic surgery have shown greater difficulty in removing and placing intermaxillary 
locking elastics according to the degree of edema they develop [20].

Internal edema to the cavities is a major concern in the postoperative period. 
This is because breathing may be affected by pressure and possible obstruction of 
upper airway structures, causing respiratory distress and discomfort, and even 
leading to the need for re-intubation or performing a tracheostomy in the most 
serious, life-threatening cases [6, 8].

Severe postoperative edema is an important complication that can affect upper 
airway permeability and may lead to obstruction in more severe cases. The proce-
dure that presents the greatest risk of airway obstruction due to edema is the Le Fort 
I type osteotomy, performed in the maxilla and covering the floor of the nasal fossa 
[18]. Thus, severe edema can cause respiratory and functional problems, which 
increases hospitalization time and the need for ICU admission.

Peripheral nerve damage is the result of direct or indirect trauma to a nerve. The 
direct relationship between edema and paresthesia is known and can be explained 
by the spatial relationship of the nerve vessels with adjacent structures, such as 
muscles and bones.

Following the same mechanism of acute compressive neuropathies, facial 
edema caused by surgical trauma, infections, fractures, or injuries can compress 
the sensory and motor nerves of the face (trigeminal nerve and facial nerve). This 
compression, or even stretching of these nerve bundles, impairs the conduction of 
the nerve impulse, resulting in paresthesia and even temporary paralysis.

Studies on nerve conduction measured the magnitude of the conduction blockade 
of nerve action potentials and the focal slowing of conduction. Direct correlation 
between degree of changes and duration of compression was demonstrated. Another 
observation is related to local ischemia, which, in combination with direct pressure 
effects, contributes to the development of compressive neuropathies. In severe cases 
of acute compression, with direct relation to extensive and prolonged edema, remy-
elination of nerve fibers can take weeks or months after resolution of compression.

Another aspect in relation to the neurosensorial disorders is related to the 
inflammatory mediators that are released when a trauma to the tissue occurs. 
These are located in the edema region and act temporarily as chemical irritants to 
the nerves.

Thus, studies attempt to relate the use of corticosteroids with the improvement 
of neurosensory symptoms after tissue trauma with considerable edema. However, 
due to the lack of standardization of the applied tests and classification, only the 
presence or absence of the disorder was considered [51]. More controlled clinical 
trials need to be performed to obtain data on neurosensory disorders.
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Some local factors (directly related to the wound) and systemic (linked to the 
individual) can interfere in the cicatricial process, facilitating complications and 
sequels and causing esthetic and functional damages to the tissue.

Local factors: dimension and depth of the lesion; level of contamination; 
presence of net collections (bruises, ecchymosis, edema); tissue necrosis and local 
infection; poor vascular supply; surgical technique used, material and technique of 
suture, types of bandages; and traction or mechanical pressure on the scar [52–54].

Systemic factors: age group, ethnic origin, nutritional status, presence of chronic 
diseases, and use of medicines.

Angiogenesis is essential to healing wounds as it provides restoration of blood 
flow and transport of nutrients to cells as well as transporting the components of 
the immune system. Edema makes this stage difficult, because the excessive disten-
sion of the tissues leads to compression of the newly formed vessels, altering the 
blood flow. In this way, the body’s capability to carry defense cells and administered 
antibiotics is impaired, making healing more difficult.

Hypoxia in the area of the lesion stimulates angiogenesis responsively, aiming 
formation and remodeling of the extracellular matrix for tissue repair. However, 
this process is limited to the first 48 hours of the beginning of the repair process, 
being detrimental to vascular neoformation and regulation of healing factors.

Fibroblasts are involved in deposition of the extracellular matrix and also in 
approaching the edges of the wound. Thus, the tissue distension caused by edema 
compromises this narrowing and tissue reepithelialization, making it difficult to 
form the fibrin network and providing a disordered growth of collagen, which leads 
to the formation of hypertrophic scars [53].

With excessive edema, a lesion that could have first-intention healing with 
contact between the edges becomes second intention, due to tissue tension, causing 
dehiscences of suture and separation of the wound edges. In addition, local edema 
obstructs the lymphatic vessels, facilitating the accumulation of catabolites and 
producing a greater level of inflammation.

5. Medications used for edema control

5.1 Corticoids

Inflammation is the local physiological response to tissue injury. Although some 
amount of inflammation is needed for proper wound healing, the excess of inflam-
mation leads to severe edema and pain that causes discomfort to the patient.

The use of corticosteroids during orthognathic surgery is a fairly common practice 
for faster resolution of facial edema [55]. However, there is no consensus on its uses, 
its benefits, and adverse effects. The comparison of drugs in published studies is dif-
ficult due to the variety of parameters and methods used. Corticosteroids help reduce 
facial edema by acting as immunosuppressants that block the early and late stages 
of inflammation, decreasing the dilation and permeability of blood vessels. From 
this, there is a reduction of the amounts of liquid, proteins, macrophages, and other 
inflammatory cells present in the areas of tissue injury. In this terms, corticoids have a 
beneficial effect on the inflammation control, and consequently, on edema [51].

The use of steroids in patients can be by mouth, intramuscular injection, or 
intravenous methods. A recent study compared the effects of different routes of 
methylprednisolone uses on edema and trismus after extraction of third molars 
[56]. It was concluded that the systemic application of a steroid is more effective 
for improving the range of motion. However, direct injection of the steroid into the 
musculature had the best effect in reducing postoperative swelling.
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Another study by Ehsan et al. [57] analyzed the effect of preoperative submu-
cosal uses of dexamethasone on swelling and trismus on third molar extraction. 
They found out that this injection was very effective in reducing these postoperative 
conditions. In another study, it was found that the uses of corticosteroids in the pre-
operative period through the parenteral route have a greater impact in the reduction 
of postoperative swelling and trismus [58]. In addition, patients with zygomatic 
bone fractures usually present swelling, pain, and trismus before surgery, requir-
ing prolonged treatment than removal of the third molars. Therefore, in order to 
benefit from steroid medication, patients with facial fractures should receive higher 
doses than patients undergoing minor surgeries [45].

The use of intravenous systemic corticosteroids before orthognathic surgery 
helps to reduce facial edema, but adverse effects are not well described in lit-
erature [59]. The use of corticosteroids before, during, and after orthognathic 
surgery, independently of the dosages, promotes reduction in facial edema, 
mainly until the third postoperative day. The most commonly used corticoste-
roids are dexamethasone, methylprednisolone, and betamethasone [51, 60]. 
Betamethasone is considered a potent steroid because it has high anti-inflamma-
tory activity and does not cause fluid retention [60]. Dexamethasone is a highly 
selective and long-acting synthetic corticosteroid that has potent anti-inflamma-
tory action [61].

In oral surgery, of all pharmacological agents tested, steroids seem to be the 
most successful for inflammation control. Corticosteroids, such as dexamethasone, 
may inhibit the early stage of the inflammatory process and have been widely used 
in different regimens and pathways to decrease inflammatory process after third 
molar surgery [62].

Although steroids seem to be the most successful in relieving edema after extrac-
tion of the third molar, the immunosuppressive effects of cortisol and its synthetic 
analogues are well known [63]. Previous studies about dexamethasone in third 
molar surgeries have concluded the need of accurate clinical research for better 
evaluation protocols for corticosteroid use [64].

5.2 Analgesics

The use of analgesics and nonsteroidal anti-inflammatory drugs alone or in 
combination with corticosteroids or opioids is common after third molar surgeries 
to reduce facial edema and pain [65]. When nonsteroidal anti-inflammatory drugs 
are given prior to surgery, they significantly reduce postoperative edema [66]. 
One study compared the use of diclofenac potassium, etodolac, and naproxen 
sodium given in preoperative of third molar surgery and concluded that diclof-
enac potassium showed better edema reduction [67]. Another study compared 
the use of diclofenac potassium alone or in combination with dexamethasone and 
concluded that combined therapy was more effective in reducing pain, trismus, 
and edema after third molar surgery [68]. There is no consensus in literature 
about which analgesics to use, for how long, and what is the best dosage with the 
least adverse effects.

5.3 Hyaluronic acid (HA)

A new drug trend that has been used to control edema development is hyal-
uronic acid (HA). Nowadays, few studies are found in literature and their actual 
efficacy as well as their use is not well established yet. HA is a high molecular weight 
glycosaminoglycan, a major component of the extracellular matrix [69]. It can be 
found in several tissues, and one of its properties is formation induction of early 
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granulation tissue, which helps the healing and improves inflammatory process 
[70]. HA turned out to be effective in reducing edema when used as spray after 
third molar extraction [70, 71]. The use of HA associated with platelet-rich fibrin 
was capable to decrease edema after third molar extraction surgery, compared to 
the isolated use of platelet fibrin [72]. Further studies using HA in larger groups 
and in other types of surgeries are necessary to establish a protocol use, consensus 
on its effects, and investigation of possible adverse effects.

5.4 Adverse effects of medications at the doses used

The adverse effects of corticosteroids are rare but important to evaluate. 
Complications are well known and include immune system suppression, hyperten-
sion, hyperglycemia, suppression of adrenal corticosteroid activity, allergic reac-
tions, skin steroid acne, glaucoma, and psychiatric disorders. In addition, the use 
over 7 days may lead to development of Cushing’s syndrome [54, 73].

Thus, it is noted that complications are related to prolonged use. In maxillofacial 
surgeries, it is generally used for a short time, at most 24–48 hours, so side effects 
are rare.

Also, it is known that anti-inflammatory drugs for edema control may increase 
bleeding by directly interfering in coagulation cascade. Thus, its benefit regarding 
edema control is compromised.

6. Most commonly used forms of edema control

6.1 Cryotherapy

Cryotherapy is the therapeutic use of cold applied for reducing skin and 
subcutaneous tissues temperature. It is indicated for inflammation control, pain, 
and edema after surgery or injury [65, 74]. Thus, physiological cooling exerts 
autonomic-mediated effect that induces vasoconstriction, favoring minimization 
and control of edema [75].

It is a treatment modality widely used because it is simple, inexpensive, and can 
be applied many times. Its therapeutic effects are due to alterations in blood flow, 
consequent vasoconstriction, and reduction of metabolism, also providing restric-
tion of bacterial growth.

However, information concerning cryotherapy effects on edema is controver-
sial [74]. Few studies report the effects of cryotherapy in maxillofacial surgeries, 
although its use is consecrated by the great majority of surgeons and in several types 
of surgeries.

Considering that during the first 10 minutes of ice application, most of the 
local temperature reduction occurs, most studies recommend the application for 
10–20 minutes, having a rest period of the same time or twice as long [74]. The 
use of cryotherapy for 30 minutes every 1½ hours, for 48 hours after third molar 
extraction was quite effective in facial edema control [76].

Cryotherapy is contraindicated for patients with peripheral vascular disease, 
hypersensitivity or cold intolerance, as in Raynaud’s phenomenon and in areas with 
impaired circulation. A disadvantage of cryotherapy is that its use normally starts at 
0° and rapidly reaches room temperature [75].

The cryotherapy protocols use differ greatly from each other, especially regard-
ing duration and application form [74]. Its efficacy has been questioned because 
despite its common and daily use in clinical practice after maxillofacial surgeries, 
there is no consensus or protocols on its use, so new studies are needed.



Inflammation in the 21st Century

70

6.2 Hilotherapy

Hilotherapy began to be used recently in postoperative of maxillofacial surgeries 
for control and reduction of facial edema. It is a preformed polyurethane face mask, 
in which cold and sterile water stream passes through, promoting cryotherapy at 
regulated and maintained temperatures [77].

A recent systematic review showed that hilotherapy is used immediately after 
surgery, with temperatures of 14–15°C. However, in third molar extraction, single 
application was used for 45 minutes, and after orthognathic surgeries, the applica-
tion was for continuous period from 48 to 72 hours. Both protocols had positive 
effect in reducing facial edema [78]. Therefore, it can be concluded that extensive 
surgeries require longer application.

Hilotherapy, when compared to facial cryotherapy performed using ice blocks, 
was more efficient in facial edema control and reduction after maxillofacial surger-
ies [77–80].

A recent study has shown that the use of facial hilotherapy performed at home 
after third molar extraction surgery is safe, easy to apply, brings benefits in reduc-
ing facial edema and also improves quality of life [75].

One of the difficulties in using hilotherapy is the cost of the device, which can 
reach high values. However, once this is resolved, its use will probably replace 
conventional cryotherapy in a few years as studies have shown beneficial effects in 
reducing edema and postoperative pain with greater patient comfort.

6.3 Laser

Low-power laser is a relatively recent method and has been used as an alternative 
to edema control because it is capable of promoting modulation of the inflamma-
tory response, reducing pain, edema and trismus, in addition to accelerate tissue 
repair [71, 81]. It is considered easy to apply and does not cause adverse effects [65].

Laser acts in reduction of edema by controlling and decreasing inflammatory 
response. So, it promotes faster recovery of injured lymphatic vessels and potenti-
ates the action of lymph nodes [82].

Despite this, there is still no consensus about which is the best protocol for use 
in maxillofacial surgeries, so that its effects can be better utilized. However, differ-
ent protocols can be found in literature, especially regarding to which postoperative 
moment laser should be applied and how many sessions are necessary. In laboratory 
tests, low-power laser was able to improve pain by regulating inflammatory factors at 
doses around 7.5 J/cm2. In addition, application in an area using more than one point 
promotes better results than the concentrated application in a single point.

The need to control inflammation in preoperative period is known. However, using 
laser before third molar extraction surgery seems to have only analgesic response [83].

The laser can be applied in minor surgeries, such as dental extractions and also 
larger, such as orthognathic surgery. Although the application of intraoral and 
extraoral laser at the end of the surgery does not show benefits in the immediate 
reduction of edema, when evaluated in the following days, the patients present a 
reduction in facial edema [82–84]. That occurs due to the latency period in which 
there is the biomodulation caused by the laser on the inflammatory response, with 
prolonged and residual effect [83], not requiring more than one application [84].

Therefore, the use of laser is questioned in small and controlled inflammatory 
processes, since benefits to patient do not justify treatment costs [85, 86]. Still, in some 
cases, laser seems to have analgesic effect only, not helping to reduce facial edema [87].

Thus, although low-power laser has potential to control inflammatory process 
and reduce complications, results depend on an indication that justifies its use and, 
mainly, the protocol used.
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6.4 Manual lymphatic drainage (MDL)

Manual lymphatic drainage is a resource that, if applied correctly and by a 
trained professional, helps in the resolution of edema. By means of slow move-
ments and gentle pressure (30–40 mmHg) following the lymph pathway, the MLD 
proposes to potentiate the function of the lymphatic system [88, 89]. Thus, it is a 
nondrug option in the treatment of edema.

The benefit of manual lymphatic drainage is undeniable; however, in maxil-
lofacial surgeries, it is still little used and little known, due to the scarcity of studies 
that demonstrate its effectiveness in this type of surgery and also prove the safety of 
its application. In surgeries in other regions of the body, the use of MLD to decrease 
edema is quite consistent, with well-established protocols and benefits. In maxillo-
facial surgery, there are still no protocols for beginning and no consensus regarding 
their benefits due to the amount of work done so far.

The MLD had proven efficacy in the postoperative period of third molar extrac-
tion, alveolar bone graft, and orthognathic surgery [90–92]. In a clinical trial with 
a split mouth model, third molar extraction was performed by adding MLD on one 
side only in the postoperative period. Using reproducible facial measures and Visual 
Analogue Scale (VAS) for pain, it was concluded that MLD is able to significantly 
reduce postoperative swelling and pain in this surgery [93].

The same effect was observed in the postoperative period of alveolar bone graft 
with filling of the bone defect by spongy bone of the iliac crest. However, this 
study compared the MLD performed by a physiotherapist to an adapted drain that 
was taught and applied by the patient. Both groups showed improvement over the 
course of the day, but MLD applied by physiotherapist had better results on edema 
and pain compared to self-drainage [92]. Despite that, attention should be paid to 
the absence of a control group so that the study would effectively prove the benefits 
of MLD. However, it is possible to conclude the importance of the physical therapist 
in the postoperative period of this surgery, since this professional has skills that 
can contribute to the improvement of the discomfort caused by the edema and the 
referred pain.

In the orthognathic surgeries, MLD was very effective in reducing postopera-
tive edema when compared to a placebo, both applied by a physiotherapist. In 
these cases, not only was drainage capable to accelerate the regression process 
of edema, but also to anticipate its peak. It was also observed that the maximum 
edema was lower in the patients who received the MLD. Thus, MLD is able to 
promote the control of edema when applied during its development period and 
also to accelerate the process of regression of swelling in the postoperative  
period [91, 94].

However, even in this study, MLD was not effective in relation to pain percep-
tion. The authors attribute this to two factors: the application of a placebo, which 
may have interfered in patients’ perception of pain and the fact that the patients 
did not develop severe edema, and therefore, the pain or discomfort related to the 
edema may have been lower, as well as the perception of relief in the group that 
received the MLD [91].

Although the benefits of MLD in the postoperative period of oral and maxil-
lofacial surgeries have been studied, there is still no agreement as to when the 
application of MLD should begin. However, it is known that the peak of edema in 
maxillofacial surgeries occurs between 48 and 72 hours after surgery, and therefore, 
the beginning of MLD before this period seems to anticipate the peak of edema and 
regression, causing the amount of edema at the peak being lower [91, 94].

It can be concluded that MLD represents a safe nondrug option in the treatment 
of postoperative edema, when well indicated and applied by a qualified profes-
sional. Despite all the proven benefits, it is necessary to observe the need for MLD 
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in various oral and maxillofacial surgeries. It is known that it is able to accelerate 
the process of regression of edema and provide relief of pain, but the need should 
be questioned in cases of small surgeries with the formation of discrete and local 
edema. In those cases, typical of a small controlled inflammatory process, MLD can 
be an unnecessary treatment to the patient, increasing the costs of the treatment 
and not having all its benefits observed.

6.5 Kinesio taping (KT)

Elastic bandage, or Kinesio taping, was first used in athletes, to aid in the 
recovery of muscle injuries, provide more stability to the joints, and provide relief 
from pain. However, it was realized that due to its way of functioning, it could be 
beneficial in the treatment of lymphedema.

KT, through the formation of convolutions in the skin, increases the interstitial 
space. Thus, through this increased space, fluids tend to move from higher pressure 
areas (congesta) to areas of lower pressure, improving blood and lymphatic flow. 
This occurs following the placement of the KT, which is positioned according to the 
path of the lymphatic system. In that way, KT may be able to relieve swelling caused 
by bruising and edema [23, 45, 95, 96].

In maxillofacial surgeries, its efficacy has already been tested in several surger-
ies: surgical reduction of mandible fracture, surgery to reduce fractures of the 
zygomatic-orbital complex, third molar extraction, and orthognathic surgery [97].

In the surgical reduction of mandibular fracture and zygomatic-orbital complex, 
KT is effective in reducing edema, anticipating the day of peak edema, the amount 
of edema formed on this day, and accelerating its reduction. However, despite the 
more rapid resolution of edema, no effects on trismus or pain relief were found [95].

In third molar extraction surgeries, KT anticipates the day of maximum edema 
and the amount of edema formed on this day. However, the rate of edema reduction 
is lower when compared to patients who did not use KT. Despite that, patients who 
use KT postoperatively seem to have resolution of the edema earlier. Furthermore, 
KT was effective in relieving pain, but not in trismus [96].

Even so, in the exodontia, when compared to the placement of drains for the 
treatment of lymphedema, KT is not as effective. Drain placement at the surgical 
site is shown to be much more effective not only at the faster reduction of edema 
but also in relation to pain, although it is an invasive approach. Despite this, none of 
the treatments helped reduce trismus in this study. It should also be considered that 
drainage placement, despite being effective in reducing edema, may lead to other 
complications, in relation to the possibility of subcutaneous emphysema, infection, 
and external facial scar [98].

In orthognathic surgeries, the application of KT is beneficial in the treatment 
of postoperative edema, being capable to anticipate the day of maximum edema, 
reduce the maximum amount of edema formed, and accelerate the regression pro-
cess of edema. However, it does not appear to have significant effects with regard to 
pain or trismus [97].

Thus, KT is a nonmedicated treatment option for the control and treatment 
of postoperative lymphedema of maxillofacial surgeries. However, its effects on 
pain and trismus need to be better elucidated. Although one of the goals of KT is to 
prevent the formation of bruises and/or to treat them, there is still no proof of it. 
Therefore, it is a function to be explored with great interest, since the increase in 
volume of a body segment is not only due to edema but also due to hematomas.

Therefore, KT is a relatively inexpensive treatment option, but it requires 
specific training and professional habilitation, as well as presurgery testing to check 
for allergy to the components of the bandage.
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7. Conclusions

In this chapter, factors related to edema development in maxillofacial surgeries 
and alternatives for its control and treatment were presented. It is known that this 
condition is strictly related to the inflammatory process, and therefore, controlling 
edema also requires controlling postoperative inflammation.

Several factors contribute to edema severity, and knowing which factors cause 
these and their influence on inflammatory process, it is possible to predict the 
quality of the postoperative period. The inflammatory process control, and con-
sequently edema restriction, is fundamental for the quality of healing process and 
postoperative. Thus, it is necessary to have attention and intervention of surgical 
team on controllable factors that lead to a most severe or mild formation of edema, 
such as surgical time and precise surgical planning.

In addition, knowing about the risks for each factor related to the edema devel-
opment makes individual and personalized treatment possible, which brings great 
benefits to the patient. Aiming at reducing complications related to edema, better 
postoperative quality, increased satisfaction and reduction of hospitalization time 
and treatment costs, and several drug and nondrug methods may be employed. 
Currently, there is a tendency in reducing medicament use in order to reduce 
the occurrence and severity of adverse effects. In this way, nondrug methods are 
increasingly study targets and used in clinical practice.

Therefore, more studies are needed to prove the efficacy and safety of these 
methods. Also, the formation of a well-trained and integrated multiprofessional 
team is necessary, aiming for safety, comfort, and faster patient recovery in postop-
erative period of maxillofacial surgeries.

Conflict of interest

The authors declare that they have no conflict of interest.

Author details

Renato Yassutaka Faria Yaedu1*, Marina de Almeida Barbosa Mello2,  
Juliana Specian Zabotini da Silveira2 and Ana Carolina Bonetti Valente2

1 Hospital for Rehabilitation of Craniofacial Anomalies, University of São Paulo and 
Bauru School of Dentistry, Bauru, São Paulo, Brazil

2 Hospital for Rehabilitation of Craniofacial Anomalies, University of São Paulo, 
Bauru, São Paulo, Brazil

*Address all correspondence to: yaedu@usp.br



74

Inflammation in the 21st Century

References

[1] Ebert JR, Joss B, Jardine B, Wood DJ.  
Randomized trial investigating the 
efficacy of manual lymphatic drainage 
to improve early outcome after 
total knee arthroplasty. Archives of 
Physical Medicine and Rehabilitation. 
2013;94(11):2103-2111

[2] Korpan MI, Crevenna R, Fialka-
Moser V. Lymphedema: A therapeutic 
approach in the treatment and 
rehabilitation of cancer patients. 
American Journal of Physical Medicine 
& Rehabilitation. 2011;90(5 Suppl 1): 
S69-S75

[3] Smith BG, Lewin JS. Lymphedema 
management in head and neck cancer. 
Current Opinion in Otolaryngology 
& Head and Neck Surgery. 
2010;18(3):153-158

[4] de Santana-Santos T, de Souza-
Santos A-A-S, Martins-Filho P-R-S, 
da Silva L-C-F, De Oliveira E Silva 
E-D, Gomes A-C-A. Prediction of 
postoperative facial swelling, pain and 
trismus following third molar surgery 
based on preoperative variables. 
Medicina Oral, Patología Oral y Cirugía 
Bucal. 2013;18(1):e65-e70

[5] Bork K, Barnstedt S-E. Laryngeal 
edema and death from asphyxiation 
after tooth extraction in four patients 
with hereditary angioedema. Journal 
of the American Dental Association 
(1939). 2003;134(8):1088-1094

[6] Cifuentes J, Palisson F, Valladares S, 
Jerez D. Life-threatening complications 
following orthognathic surgery 
in a patient with undiagnosed 
hereditary angioedema. Journal 
of Oral and Maxillofacial Surgery. 
2013;71(4):e185-e188

[7] Morcavallo PS, Leonida A, Rossi 
G, Mingardi M, Martini M, Monguzzi 
R, et al. Hereditary angioedema in 
oral surgery: Overview of the clinical 

picture and report of a case. Journal 
of Oral and Maxillofacial Surgery. 
2010;68(9):2307-2311

[8] Puricelli E, Ponzoni D, Artuzi FE, 
Martins GL, Calcagnotto T. Clinical 
management of angioneurotic 
oedema patient post-orthognathic 
surgery. International Journal of 
Oral and Maxillofacial Surgery. 
2011;40(1):106-109

[9] Carvalho RWF, do Egito 
Vasconcelos BC. Assessment of 
factors associated with surgical 
difficulty during removal of 
impacted lower third molars. Journal 
of Oral and Maxillofacial Surgery. 
2011;69(11):2714-2721

[10] van der Vlis M, Dentino KM, 
Vervloet B, Padwa BL. Postoperative 
swelling after orthognathic surgery: A 
prospective volumetric analysis. Journal 
of Oral and Maxillofacial Surgery. 
2014;72(11):2241-2247

[11] Pérez-González JM, Esparza-
Villalpando V, Martínez-Rider R, 
Noyola-Frías MÁ, Pozos-Guillén 
A. Clinical and radiographic 
characteristics as predictive factors 
of swelling and trismus after 
mandibular third molar surgery: A 
longitudinal approach. Pain Research & 
Management. 2018;2018:7938492

[12] Kantor ED, Lampe JW, Kratz 
M, White E. Lifestyle factors 
and inflammation: Associations 
by body mass index. PLoS One. 
2013;8(7):e67833

[13] Benediktsdóttir IS, Wenzel A, 
Petersen JK, Hintze H. Mandibular 
third molar removal: Risk indicators for 
extended operation time, postoperative 
pain, and complications. Oral Surgery, 
Oral Medicine, Oral Pathology, 
Oral Radiology, and Endodontics. 
2004;97(4):438-446



75

Edema Management in Oral and Maxillofacial Surgery
DOI: http://dx.doi.org/10.5772/intechopen.80971

[14] Bello SA, Adeyemo WL, Bamgbose 
BO, Obi EV, Adeyinka AA. Effect of age, 
impaction types and operative time on 
inflammatory tissue reactions following 
lower third molar surgery. Head & Face 
Medicine. 2011;7:8

[15] Pogrel MA. What is the effect of 
timing of removal on the incidence 
and severity of complications? Journal 
of Oral and Maxillofacial Surgery. 
2012;70(9):S37-S40

[16] Mobilio N, Vecchiatini R, Vasquez 
M, Calura G, Catapano S. Effect of 
flap design and duration of surgery 
on acute postoperative symptoms and 
signs after extraction of lower third 
molars: A randomized prospective 
study. Journal of Dental Research, 
Dental Clinics, Dental Prospects. 
2017;11(3):156-160

[17] Blondeau F, Daniel NG. Extraction 
of impacted mandibular third molars: 
Postoperative complications and their 
risk factors. Journal of the Canadian 
Dental Association. 2007;73(4):325

[18] Khattak ZG, Benington PCM, 
Khambay BS, Green L, Walker F, Ayoub 
AF. An assessment of the quality of 
care provided to orthognathic surgery 
patients through a multidisciplinary 
clinic. Journal of Cranio-Maxillo-Facial 
Surgery. 2012;40(3):243-247

[19] Osunde OD, Saheeb BD. Effect of 
age, sex and level of surgical difficulty 
on inflammatory complications after 
third molar surgery. Journal of Oral and 
Maxillofacial Surgery. 2015;14(1):7-12

[20] Robinson RC, Holm 
RL. Orthognathic surgery for patients 
with maxillofacial deformities. AORN 
Journal. 2010;92(1):28-49; quiz 50-2

[21] Jerjes W, El-Maaytah M, Swinson 
B, Banu B, Upile T, D’Sa S, et al. 
Experience versus complication rate 
in third molar surgery. Head & Face 
Medicine. 2006;2:14

[22] Cassetta M, Bellardini M. How 
much does experience in guided 
implant surgery play a role in 
accuracy? A randomized controlled 
pilot study. International Journal 
of Oral and Maxillofacial Surgery. 
2017;46(7):922-930

[23] Ristow O, Pautke C, Kehl V, 
Koerdt S, Hahnefeld L, Hohlweg-
Majert B. Kinesiologic taping reduces 
morbidity after oral and maxillofacial 
surgery: A pooled analysis. 
Physiotherapy Theory and Practice. 
2014;30(6):390-398

[24] Lin S, Chen C, Yao C-F, Chen Y-A, 
Chen Y-R. Comparison of different 
hypotensive anaesthesia techniques in 
orthognathic surgery with regard to 
intraoperative blood loss, quality of the 
surgical field, and postoperative nausea 
and vomiting. International Journal 
of Oral and Maxillofacial Surgery. 
2016;45(12):1526-1530

[25] Silva AC, O’Ryan F, Poor 
DB. Postoperative nausea and 
vomiting (PONV) after orthognathic 
surgery: A retrospective study 
and literature review. Journal of 
Oral and Maxillofacial Surgery. 
2006;64(9):1385-1397

[26] Thomas JS, Maple IK, Norcross 
W, Muckler VC. Preoperative risk 
assessment to guide prophylaxis and 
reduce the incidence of postoperative 
nausea and vomiting. Journal of 
Perianesthesia Nursing. 23 Jun 2018. 
DOI: 10.1016/j.jopan.2018.02.007

[27] Yu CN, Chow TK, Kwan AS, Wong 
SL, Fung SC. Intra-operative blood loss 
and operating time in orthognathic 
surgery using induced hypotensive 
general anaesthesia: Prospective 
study. Hong Kong Medical Journal. 
2000;6(3):307-311

[28] Praveen K, Narayanan 
V, Muthusekhar MR, Baig 
MF. Hypotensive anaesthesia and 



Inflammation in the 21st Century

76

blood loss in orthognathic surgery: 
A clinical study. The British Journal 
of Oral & Maxillofacial Surgery. 
2001;39(2):138-140

[29] Choi WS, Samman N. Risks and 
benefits of deliberate hypotension 
in anaesthesia: A systematic 
review. International Journal of 
Oral and Maxillofacial Surgery. 
2008;37(8):687-703

[30] Prasant MC, Kar S, Rastogi S, Hada 
P, Ali FM, Mudhol A. Comparative 
study of blood loss, quality of 
surgical field and duration of surgery 
in maxillofacial cases with and 
without hypotensive anesthesia. 
Journal of International Oral Health. 
2014;6(6):18-21

[31] Phillips C, Brookes CD, Rich J, 
Arbon J, Turvey TA. Postoperative 
nausea and vomiting following 
orthognathic surgery. International 
Journal of Oral and Maxillofacial 
Surgery. 2015;44(6):745-751

[32] Degoute C-S. Controlled 
hypotension. Drugs. 2007;67(7): 
1053-1076

[33] Olmedo-Gaya MV, Vallecillo-Capilla 
M, Galvez-Mateos R. Relation of patient 
and surgical variables to postoperative 
pain and inflammation in the extraction 
of third molars. Medicina Oral. 
2002;7(5):360-369

[34] Yuasa H, Sugiura M. Clinical 
postoperative findings after removal 
of impacted mandibular third 
molars: Prediction of postoperative 
facial swelling and pain based on 
preoperative variables. The British 
Journal of Oral & Maxillofacial Surgery. 
2004;42(3):209-214

[35] Stanton AWB, Northfield JW, 
Holroyd B, Mortimer PS, Levick JR.  
Validation of an optoelectronic limb 
volumeter (Perometer®). Lymphology. 
1997;30(2):77-97

[36] Nuutinen J, Ikäheimo R, Lahtinen T.  
Validation of a new dielectric device to 
assess changes of tissue water in skin 
and subcutaneous fat. Physiological 
Measurement. 2004;25(2):447-454

[37] Haaverstad R, Nilsen G, Rinck PA,  
Myhre HO. The use of MRI in the 
diagnosis of chronic lymphedema of 
the lower extremity. International 
Angiology. 1994;13(2):115-118

[38] Lahtinen T, Nuutinen J. A new 
device for clinical and radiobiological 
research to measure local development 
of edema induced by radiotherapy, 
drugs or surgery. Radiotherapy and 
Oncology. 2005;76:S47

[39] Gniadecka M, Quistorff B.  
Assessment of dermal water by high-
frequency ultrasound: Comparative 
studies with nuclear magnetic resonance. 
The British Journal of Dermatology. 
1996;135(2):218-224. Available from: 
https://onlinelibrary.wiley.com/doi/
abs/10.1111/j.1365-2133.1996.tb01150.x

[40] Piso DU, Eckardt A, Liebermann 
A, Gutenbrunner C, Schäfer P, Gehrke 
A. Early rehabilitation of head-neck 
edema after curative surgery for 
orofacial tumors. American Journal of 
Physical Medicine & Rehabilitation. 
2001;80(4):261-269

[41] Van Gool AV, Ten Bosch JJ, Boering 
G. A photographic method of assessing 
swelling following third molar removal. 
International Journal of Oral Surgery. 
1975;4(3):121-129

[42] Album B, Olsen I, Løkken P.  
Bilateral surgical removal of 
impacted mandibular third molar 
teeth as a model for drug evaluation: 
A test with oxyphenbutazone 
(Tanderil®). International Journal 
of Oral and Maxillofacial Surgery. 
1977;6(3):177-189

[43] Holland CS. The development of a 
method of assessing swelling following 



77

Edema Management in Oral and Maxillofacial Surgery
DOI: http://dx.doi.org/10.5772/intechopen.80971

third molar surgery. The British Journal 
of Oral Surgery. 1979;17(2):104-114

[44] Ågren E. High-speed or 
conventional dental engines for the 
removal of bone in oral surgery: I. A 
study of the reactions following removal 
of bilateral impacted lower third molars. 
Acta Odontologica Scandinavica. 
1963;21(6):585-625

[45] Ristow O, Pautke C, Kehl V, Koerdt 
S, Schwärzler K, Hahnefeld L, et al. 
Influence of kinesiologic tape on 
postoperative swelling, pain and trismus 
after zygomatico-orbital fractures. 
Journal of Cranio-Maxillo-Facial 
Surgery. 2014;42(5):469-476

[46] Yamamoto S, Miyachi H, Fujii H, 
Ochiai S, Watanabe S, Shimozato K.  
Intuitive facial imaging method 
for evaluation of postoperative 
swelling: A combination of 
3-dimensional computed tomography 
and laser surface scanning in 
orthognathic surgery. Journal of 
Oral and Maxillofacial Surgery. 
2016;74(12):2506.e1-2506.e10

[47] Garcia AG, Sampedro FG, Rey JG.  
Trismus and pain after removal of 
impacted lower third molars. Journal 
of Oral and Maxillofacial Surgery. 
1997;55(11):1223-1226. Available 
from: https://www.joms.org/article/
S0278-2391(97)90172-5/abstract

[48] Gunes N. A comparison of the 
effects of methylprednisolone and 
tenoxicam on pain, edema, and trismus 
after impacted lower third molar 
extraction. Medical Science Monitor. 
2014;20:147-152

[49] Laureano Filho JR, Maurette PE, 
Allais M, Cotinho M, Fernandes C.  
Clinical comparative study of the 
effectiveness of two dosages of 
Dexamethasone to control postoperative 
swelling, trismus and pain after the 
surgical extraction of mandibular 
impacted third molars. Medicina 

Oral, Patología Oral y Cirugía Bucal. 
2008;13(2):E129-E132

[50] Ridner SH. The psycho-
social impact of lymphedema. 
Lymphatic Research and Biology. 
2009;7(2):109-112

[51] de Lima VN, Lemos CAA, 
Faverani LP, Santiago Júnior JF, 
Pellizzer EP. Effectiveness of corticoid 
administration in orthognathic 
surgery for edema and neurosensorial 
disturbance: A systematic literature 
review. Journal of Oral and Maxillofacial 
Surgery. 2017;75(7):1528.e1-1528.e8

[52] Deodhar AK, Rana RE. Surgical 
physiology of wound healing: A review. 
Journal of Postgraduate Medicine. 
1997;43(2):52-56

[53] Steinbrech DS, Longaker MT, 
Mehrara BJ, Saadeh PB, Chin GS, 
Gerrets RP, et al. Fibroblast response 
to hypoxia: The relationship between 
angiogenesis and matrix regulation. 
The Journal of Surgical Research. 
1999;84(2):127-133

[54] Lawrence WT, Diegelmann RF.  
Growth factors in wound 
healing. Clinics in Dermatology. 
1994;12(1):157-169

[55] Chegini S, Dhariwal DK. Review 
of evidence for the use of steroids 
in orthognathic surgery. The British 
Journal of Oral & Maxillofacial Surgery. 
2012;50(2):97-101

[56] Koçer G, Yuce E, Tuzuner Oncul 
A, Dereci O, Koskan O. Effect of 
the route of administration of 
methylprednisolone on oedema and 
trismus in impacted lower third 
molar surgery. International Journal 
of Oral and Maxillofacial Surgery. 
2014;43(5):639-643

[57] Ehsan A, Ali Bukhari SG, Ashar 
AM, Manzoor A, Junaid M. Effects 
of pre-operative submucosal 



Inflammation in the 21st Century

78

dexamethasone injection on the 
postoperative swelling and trismus 
following surgical extraction of 
mandibular third molar. Journal of the 
College of Physicians and Surgeons–
Pakistan. Jul 2014;24(7):489-492

[58] Herrera-Briones FJ, Prados 
Sánchez E, Reyes Botella C, 
Vallecillo CM. Update on the use 
of corticosteroids in third molar 
surgery: Systematic review of the 
literature. Oral Surgery, Oral Medicine, 
Oral Pathology, Oral Radiology. 
2013;116(5):e342-e351

[59] Jean S, Dionne P-L, Bouchard C, 
Giasson L, Turgeon AF. Perioperative 
systemic corticosteroids in 
orthognathic surgery: A systematic 
review and meta-analysis. Journal 
of Oral and Maxillofacial Surgery. 
2017;75(12):2638-2649

[60] Widar F, Kashani H, Alsén B, 
Dahlin C, Rasmusson L. The effects 
of steroids in preventing facial 
oedema, pain, and neurosensory 
disturbances after bilateral sagittal 
split osteotomy: A randomized 
controlled trial. International Journal 
of Oral and Maxillofacial Surgery. 
2015;44(2):252-258

[61] Tripathi KD. Essentials of Medical 
Pharmacology. New Delhi, India: JP 
Medical Ltd; 2013. p. 1002

[62] ElHag M, Coghlan K, Christmas 
P, Harvey W, Harris M. The anti-
inflammatory effects of dexamethasone 
and therapeutic ultrasound in oral 
surgery. The British Journal of Oral & 
Maxillofacial Surgery. 1985;23(1):17-23

[63] Asimakopoulos G, Thompson 
R, Nourshargh S, Lidington EA, 
Mason JC, Ratnatunga CP, et al. 
An anti-inflammatory property of 
aprotinin detected at the level of 
leukocyte extravasation. The Journal of 
Thoracic and Cardiovascular Surgery. 
2000;120(2):361-369

[64] Alexander RE, Throndson RR. A 
review of perioperative corticosteroid 
use in dentoalveolar surgery. Oral 
Surgery, Oral Medicine, Oral Pathology, 
Oral Radiology, and Endodontics. 
2000;90(4):406-415

[65] Osunde OD, Adebola RA, Omeje UK.  
Management of inflammatory 
complications in third molar surgery: A 
review of the literature. African Health 
Sciences. 2011;11(3):530-537

[66] Zor ZF, Isik B, Cetiner S. Efficacy of 
preemptive lornoxicam on postoperative 
analgesia after surgical removal of 
mandibular third molars. Oral Surgery, 
Oral Medicine, Oral Pathology, Oral 
Radiology. 2014;117(1):27-31

[67] Akbulut N, Üstüner E, Atakan 
C, Çölok G. Comparison of the effect 
of naproxen, etodolac and diclofenac 
on postoperative sequels following 
third molar surgery: A randomised, 
double-blind, crossover study. Medicina 
Oral, Patología Oral y Cirugía Bucal. 
2014;19(2):e149-e156

[68] Bamgbose BO, Akinwande 
JA, Adeyemo WL, Ladeinde AL, 
Arotiba GT, Ogunlewe MO. Effects 
of co-administered dexamethasone 
and diclofenac potassium on pain, 
swelling and trismus following third 
molar surgery. Head & Face Medicine. 
2005;1:11

[69] Gocmen G, Gonul O, Oktay NS, 
Yarat A, Goker K. The antioxidant 
and anti-inflammatory efficiency 
of hyaluronic acid after third molar 
extraction. Journal of Cranio-Maxillo-
Facial Surgery. 2015;43(7):1033-1037

[70] Koray M, Ofluoglu D, Onal 
EA, Ozgul M, Ersev H. Efficacy of 
hyaluronic acid spray on swelling, 
pain, and trismus after surgical 
extraction of impacted mandibular 
third molars. International Journal 
of Oral and Maxillofacial Surgery. 
2014;43(11):1399-1403. Available from: 



79

Edema Management in Oral and Maxillofacial Surgery
DOI: http://dx.doi.org/10.5772/intechopen.80971

https://www.sciencedirect.com/science/
article/pii/S0901502714001799

[71] Drew SJ. Best practices for 
management of pain, swelling, nausea, 
and vomiting in dentoalveolar surgery. 
Oral and Maxillofacial Surgery Clinics 
of North America. 2015;27(3):393-404

[72] Afat İM, Akdoğan ET, Gönül O.  
Effects of leukocyte- and platelet-
rich fibrin alone and combined with 
hyaluronic acid on pain, edema, and 
trismus after surgical extraction of 
impacted mandibular third molars. 
Journal of Oral and Maxillofacial 
Surgery. 2018;76(5):926-932

[73] Semper-Hogg W, Fuessinger 
MA, Dirlewanger TW, Cornelius 
CP, Metzger MC. The influence of 
dexamethasone on postoperative 
swelling and neurosensory 
disturbances after orthognathic 
surgery: A randomized controlled 
clinical trial. Head & Face Medicine. 
2017;13(1):19

[74] Greenstein G. Therapeutic efficacy 
of cold therapy after intraoral surgical 
procedures: A literature review. Journal 
of Periodontology. 2007;78(5):790-800

[75] Beech AN, Haworth S, Knepil GJ.  
Effect of a domiciliary facial 
cooling system on generic quality 
of life after removal of mandibular 
third molars. The British Journal 
of Oral & Maxillofacial Surgery. 
2018;56(4):315-321

[76] Laureano Filho JR, de Oliveira 
e Silva ED, Batista CI, FMV G. The 
influence of cryotherapy on reduction 
of swelling, pain and trismus after 
third-molar extraction: A preliminary 
study. Journal of the American Dental 
Association (1939). 2005;136(6):774-
778 quiz 807

[77] Moro A, Gasparini G, Marianetti 
TM, Boniello R, Cervelli D, Di 
Nardo F, et al. Hilotherm efficacy 

in controlling postoperative facial 
edema in patients treated for 
maxillomandibular malformations. 
The Journal of Craniofacial Surgery. 
2011;22(6):2114-2117

[78] Glass GE, Waterhouse N, Shakib K.  
Hilotherapy for the management of 
perioperative pain and swelling in 
facial surgery: A systematic review 
and meta-analysis. The British Journal 
of Oral & Maxillofacial Surgery. 
2016;54(8):851-856

[79] Rana M, Gellrich NC, Joos U, 
Piffkó J, Kater W. 3D evaluation of 
postoperative swelling using two 
different cooling methods following 
orthognathic surgery: A randomised 
observer blind prospective pilot 
study. International Journal of 
Oral and Maxillofacial Surgery. 
2011;40(7):690-696

[80] Veitz-Keenan A. Continuous 
cooling mask devices reduce patient 
discomfort and postoperative pain 
and swelling in patients undergoing 
orofacial surgery. Evidence-Based 
Dentistry. 2016;17(4):121-122

[81] Oliveira Sierra S, Melo Deana 
A, Agnelli Mesquita Ferrari R, Maia 
Albarello P, Kalil Bussadori S, Porta 
Santos Fernandes K. Effect of low-level 
laser therapy on the post-surgical 
inflammatory process after third molar 
removal: Study protocol for a double-
blind randomized controlled trial. 
Trials. 2013;14(1):373

[82] He WL, Yu FY, Li CJ, Pan J, Zhuang 
R, Duan PJ. A systematic review and 
meta-analysis on the efficacy of low-
level laser therapy in the management 
of complication after mandibular 
third molar surgery. Lasers in Medical 
Science. 2015;30(6):1779-1788

[83] Petrini M, Ferrante M, Trentini 
P, Perfetti G, Spoto G. Effect of pre-
operatory low-level laser therapy on 
pain, swelling, and trismus associated 



Inflammation in the 21st Century

80

with third-molar surgery. Medicina 
Oral, Patología Oral y Cirugía Bucal. 
2017;22(4):e467-e472

[84] Koparal M, Ozcan KA. Effects 
of low-level laser therapy following 
surgical extraction of the lower third 
molar with objective measurement of 
swelling using a three-dimensional 
system. Experimental and Therapeutic 
Medicine. 2018;15(4):3820-3826. 
Available from: https://www.
spandidos-publications.com/
etm/15/4/3820

[85] Brignardello-Petersen R, Carrasco-
Labra A, Araya I, Yanine N, Beyene 
J, Shah PS. Is adjuvant laser therapy 
effective for preventing pain, swelling, 
and trismus after surgical removal of 
impacted mandibular third molars? A 
systematic review and meta-analysis. 
Journal of Oral and Maxillofacial 
Surgery. 2012;70(8):1789-1801

[86] Farhadi F, Eslami H, Majidi 
A, Fakhrzadeh V, Ghanizadeh M, 
KhademNeghad S. Evaluation of 
adjunctive effect of low-level laser 
therapy on pain, swelling and trismus 
after surgical removal of impacted 
lower third molar: A double blind 
randomized clinical trial. Laser 
Therapy. 2017;26(3):181-187

[87] Raiesian S, Khani M, Khiabani K, 
Hemmati E, Pouretezad M. Assessment 
of low-level laser therapy effects after 
extraction of impacted lower third 
molar surgery. Journal of Lasers in 
Medical Sciences. 2017;8(1):42-45

[88] Kasseroller RG. The Vodder 
school: The Vodder method. Cancer. 
1998;83(12 Suppl American):2840-2842

[89] Rockson SG, Miller LT, Senie 
R, Brennan MJ, Casley-Smith JR, 
Földi E, et al. American Cancer 
Society Lymphedema Workshop. 
Workgroup III: Diagnosis and 
management of lymphedema. Cancer. 
1998;83(S12B):2882-2885

[90] Szolnoky G, Mohos G, Dobozy 
A, Kemény L. Manual lymph 
drainage reduces trapdoor effect in 
subcutaneous island pedicle flaps. 
International Journal of Dermatology. 
2006;45(12):1468-1470

[91] Yaedú RYF, Mello MAB, Tucunduva 
RA, JSZ d S, Takahashi MPMS, 
ACB V. Postoperative orthognathic 
surgery edema assessment with and 
without manual lymphatic drainage. 
The Journal of Craniofacial Surgery. 
2017;28(7):1816-1820

[92] Ferreira T, Sabatella MZ, Silva T.  
Facial edema reduction after alveolar 
bone grafting surgery in cleft lip and 
palate patients: A new lymphatic 
drainage protocol. RGO - Rev Gaúcha 
Odontol. 2013. Available from: http://
www.revistargo.com.br/viewarticle.
php?id=2893&

[93] Szolnoky G, Szendi-Horváth K, 
Seres L, Boda K, Kemény L. Manual 
lymph drainage efficiently reduces 
postoperative facial swelling 
and discomfort after removal of 
impacted third molars. Lymphology. 
2007;40(3):138-142

[94] Modabber A, Rana M, Ghassemi 
A, Gerressen M, Gellrich N-C, Hölzle 
F, et al. Three-dimensional evaluation 
of postoperative swelling in treatment 
of zygomatic bone fractures using two 
different cooling therapy methods: 
A randomized, observer-blind, 
prospective study. Trials. 2013;14:238

[95] Ristow O, Hohlweg-Majert 
B, Kehl V, Koerdt S, Hahnefeld L, 
Pautke C. Does elastic therapeutic 
tape reduce postoperative swelling, 
pain, and trismus after open 
reduction and internal fixation of 
mandibular fractures? Journal of 
Oral and Maxillofacial Surgery. 
2013;71(8):1387-1396

[96] Ristow O, Hohlweg-Majert B, 
Stürzenbaum SR, Kehl V, Koerdt S, 



81

Edema Management in Oral and Maxillofacial Surgery
DOI: http://dx.doi.org/10.5772/intechopen.80971

Hahnefeld L, et al. Therapeutic 
elastic tape reduces morbidity after 
wisdom teeth removal—A clinical 
trial. Clinical Oral Investigations. 
2014;18(4):1205-1212

[97] Tozzi U, Santagata M, Sellitto A, 
Tartaro GP. influence of kinesiologic 
tape on post-operative swelling 
after orthognathic surgery. Journal 
of Oral and Maxillofacial Surgery. 
2016;15(1):52-58

[98] Genc A, Cakarer S, Yalcin BK, Kilic 
BB, Isler SC, Keskin C. A comparative 
study of surgical drain placement 
and the use of kinesiologic tape to 
reduce postoperative morbidity after 
third molar surgery. Clinical Oral 
Investigations. 19 Apr 2018. DOI: 
10.1007/s00784-018-2442-x





83

Section 3

Neutrophils in Immunity  
and Inflammation





85

Chapter 6

Neutrophil Counts and Rates in 
Otorhinolaryngology
Erkan Yildiz

Abstract

Complete blood count is a fairly inexpensive test that is widely used in the clinic. 
Neutrophils are also one of the most important parameters in complete blood count. 
They play a critical role in upper respiratory tract infection, as well as in many chronic 
otolaryngology diseases. It also has widespread uses in otorhinolaryngology practice. 
There are many publications on neutrophil counts and neutrophil lymphocyte ratios 
in patients. Neutrophil counts and rates play an important role in the follow-up and 
prognosis of many important otolaryngology diseases such as bell palsy, sudden 
hearing loss, allergic rhinitis, chronic otitis media, nasal polyposis, and chronic 
rhinosinusitis. In this chapter, the importance of neutrophils in these diseases will be 
discussed with the literature.

Keywords: neutrophil, neutrophil lymphocyte ratios, otolaryngology

1. Introduction

Neutrophils are known as basic defense cells in humans. However, recent 
research has shown that they do much more than defense. Neutrophil migration and 
its roles in inflammation gradually attracted the attention of researchers. The use of 
advanced technology has been effective in demonstrating the behavior of neutro-
phils in tissues. Neutrophils follow multiple ways to advance to the site of injury and 
infection [1].

Neutrophils are the most abundant leukocytes in the blood. They trigger the 
first damage in the host during the infection phase. They provide these roles 
thanks to phagocytosis, degranulation and reactive oxygen types. Overactivation 
of neutrophils sometimes leads to excessive tissue damage. Neutrophils causing 
chronic inflammation can cause loss of function in organs. When the number of 
neutrophils decreases, the response to inflammation decreases and this turns into 
immune deficiency. Neutrophils are produced in the bone marrow; this number 
may increase up to 1000 times in case of need.

Recently, neutrophil counts, and neutrophil lymphocyte ratios have been used in 
the diagnosis and follow-up of clinical errors. Numerous researches have been done 
on this subject and its widespread use has started in otolaryngology [2, 3].

2. Neutrophils in rhinology

In many nose-related diseases, nasal congestion is the main symptom. The most 
important of these diseases are allergic rhinitis, septum deviation, rhinosinusitis, 
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nasal polyp, and antrochoanal polyp. These diseases have chronic hypoxia and 
are caused by airway resistances. Hypoxia increases the mean platelet volume 
(Figure 1). Erythropoiesis develops again due to hypoxia. Therefore, change begins 
in hematological markers. In the study of patients with nasal septum deviation, 
the number of platelets decreased while the mean platelet volume increased [1]. 
Similarly, similar results were obtained in sleep apnea syndrome. No relation was 
found between laboratory values and apnea in pediatric sleep apnea children [2]. 
No significant difference was observed in pre- and postoperative studies in children 
with adenoid hypertrophy [3]. NLR has also been shown to be prognostic in patients 
with allergic rhinitis. Neutrophils, eosinophils, and basophils can be monitored in 
nasal cytology.

3. Neutrophils in otology

Neutrophils, which are effective in many areas of otolaryngology, are also 
important in otology. In autology, inflammatory cells increase and inflamma-
tory changes are observed in diseases such as acute otitis media, serous otitis 
media, chronic suppurative otitis media, cholesteatoma, facial paralysis, sudden 
idiopathic sensorineural hearing loss, tinnitus, and vertigo. There are many 
studies on hematological markers in sudden idiopathic sensorineural hearing 
loss. NLR, PLR, neutrophil and lymphocyte count are known to be prognos-
tic [4]. No relationship was found between the degree of hearing loss in the 
audiogram and hematological parameters [5]. Another study showed that there 
were laboratory parameters such as lymphocyte, lymphocyte%, platelet, mean 
platelet volume, platelet distribution width (MPV), neutrophil-lymphocyte ratio, 
platelet-lymphocyte ratio, mean corpuscular hemoglobin, and mean corpuscular 
hemoglobin concentration [6] NLR Adult Bell While it can be used prognostically 
in paralysis, PLR has been reported to be meaningless [7]. In pediatric Bell palsy, 
it was observed that both NLR and PLR were significant [8]. In otitis media with 
effusion, hematological parameters were important markers determining vis-
cosity [9]. In a study conducted with inactive patients with active chronic otitis 

Figure 1. 
Change of hematological parameters in hypoxia caused by nasal congestion [1].
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media, no difference was observed in both patient groups [10]. In chronic otitis 
media, both NLR and PLR and MPV values  are found to be high, as well as normal 
studies [11]. In the cholesteatoma, there is an invasive transition of the outer ear 
epithelium to the middle ear. During this transition, inflammatory cytokines are 
produced. No difference in NLR levels from control groups was found in cho-
lesteatoma [12]. In a study of tinnitus patients, a connection was found between 
tinnitus and MPV values [13].

4. Neutrophils in infections in the oral region

In recurrent aphthous stomatitis, no relation was found between hematological 
parameters and infection. There was no difference between these patients and the 
control group in terms of WBC, Hb, neutrophil, lymphocyte, platelet, MPV, NLR, 
PLR, ESR, and CRP levels [14]. Although tonsillectomy and adenoidectomy are 
common surgical procedures, the effects of these operations on the immune system 
have not been fully established. Studies in patients with chronic tonsillitis and 
adenoid hypertrophy show that chronic tonsillitis and adenoid hypertrophy disrupt 
neutrophil chemotaxis functions and these values  become normal after adenoton-
sillectomy. In addition, oxidant values  appear to improve after this procedure [15]. 
It has been shown that it can be used in chronic tonsillitis patients as an effective 
assistant method in determining neutrophil-lymphocyte ratio, tonsillectomy, 
and postoperative follow-up [16]. It was stated that the mean platelet volume and 
neutrophil lymphocyte ratio can be used as markers in peritonsillar abscess [17].

5. Neutrophils in head and neck infections

NLR values  can be used as a prognostic indicator in deep neck infections occurring 
after acute bacterial tonsillitis [18]. It can also be used seriously in the evaluation of 
chronic tonsillitis [19]. NLR values were not found statistically significant in children 
with obstructive sleep apnea undergoing adenoidectomy [2].

6. Neutrophils in head and neck cancers

Neutrophils play an important role in cancer formation and progression [20]. In 
head and neck cancers with high degree of systemic inflammation, an increase in the 
number of neutrophils is detected. Many studies have also been done on the prognosis 
of head and neck cancers. The study showed that increased neutrophil lymphocyte 
ratios (NLR) worsened head and neck cancer prognosis. Similar results have emerged 
in another study [21, 22]. In another study, a significant correlation was found between 
high cut-off value before treatment and poor prognosis [23]. In another study, it was 
determined that the rate of NLR in the nasopharyngeal carcinoma was a poor prog-
nosis factor [24]. In patients who received pre-treatment adjuvant or primary che-
motherapy in squamous cell head and neck cancers, the NLR ratio has been indicated 
as an important marker in demonstrating treatment success [25]. In another study 
related to the rates of laryngeal cancer, it was shown that the NLR rate did not change 
in benign lesions, premalignant or malignant laryngeal lesions of the larynx, but was 
prognostic in lymph node metastases. In Ref. [26], it was shown that it can help early 
confirmation of treatment failure in patients with metastatic HNSCC [27]. In patients 
with head and neck cancer of unknown P16-negative primer, NLR-6.0 was signifi-
cantly associated with poor prognosis [28]. In a study in patients with oral squamous 
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cell cancers, increased NLR values have been shown to be a sign of poor prognosis [29]. 
It has higher NLR, MLR, PLR, and RDW values  in children with histopathologically 
diagnosed lymphoma than in children with reactive LAP. Anywhere NLR, MLR, PLR, 
and RDW tests can be used to determine which LAP patients should be selected for 
biopsy (Table 1) [30].

Neutrophil/lymphocyte ratio in head and neck carcinoma.

Study Region Ratio

Takenaka et al. [21] Head and neck (all) Elevated

Takenaka et al. [24] Nasopharynx Elevated

Bojaxhiu et al. [25] Head and neck (chemotherapy before/after) Elevated

Eskiizmir et al. [26] Laryngeal neoplasm Elevated only in lymph node 
metastasis

Mascarella et al. [22] Head and neck (all) Elevated

Zhang et al. [29] Oral squamous cell carcinoma Elevated

Xu et al. [28] Unknown primary head and neck 
carcinoma(p16-)

Elevated (worse prognosis)

Table 1. 
Neutrophil/lymphocyte ratio in head and neck carcinoma.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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Neutrophil Gelatinase-Associated 
Lipocalin as a Promising 
Biomarker in Acute Kidney Injury
Camila Lima, Maria de Fatima Vattimo and Etienne Macedo

Abstract

Acute kidney injury (AKI) is a common complication in several settings inside 
and outside hospitals. It affects millions of people around the world, and despite 
high levels of research funding, there is no specific treatment that changes the 
disease course. The basis for unfavorable outcomes related to this disease is the 
failure to provide early diagnosis. Currently, the diagnosis of AKI is based on serum 
creatinine and urine output, and both measures have several limitations, making 
early diagnosis difficult. In recent decades, several biomarkers of kidney injury 
have been proposed, with neutrophil gelatinase-associated lipocalin (NGAL) being 
one of most studied and promising for use in early diagnosis. Despite there being 
several studies on NGAL, it has not yet been applied in clinical practice; thus, 
furthering the understanding of the development, interpretation, and limitations 
of NGAL in the diagnosis of AKI is the objective of this chapter.

Keywords: acute kidney injury, biomarkers, neutrophil gelatinase-associated 
lipocalin

1. Introduction

Acute kidney injury (AKI) is a frequent complication in several clinical settings, 
including large surgeries [1], emergency departments [2, 3], and intensive care 
units (ICUs) [4]. The incidence of AKI has been increasing over the years, with 
about 2 million people being affected in 2010 [5], despite the efforts of researchers 
and organizations [6–8]. AKI is commonly followed by worse outcomes: prolonged 
length of ICU and hospital stay, need for dialysis, decreases in the glomerular 
filtration rate (GRF), development of chronic kidney disease (CKD), and increases 
in mortality [9–11].

In recent decades, therapeutic interventions aimed at reversing kidney dysfunc-
tion have had disappointing results in multiple settings; thus, the research focus 
has shifted from treatment to prevention and early detection by focusing on two 
main issues: diagnostic criteria and early diagnosis. In 2004, the Acute Dialysis 
Quality Initiative (ADQI) sought a more uniform definition of AKI, and the most 
recent consensus definition was published in 2012 by Kidney Disease: Improving 
Global Outcomes (KDIGO) [8]. The diagnosis of AKI is based on changes in serum 
creatinine (Scr) and urine output (UO), but neither marker is kidney specific. 
Efforts have been made to identify novel biomarkers that have high sensitivity and 
specificity.
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The standardization of the diagnosis of AKI allowed us to compare the diagnoses 
made in different settings. However, the issue of early diagnosis is still a challenge. 
First, there are limitations regarding the use of Scr and UO. Second, determining 
the need for renal replacement therapy is difficult due to a lack of information about 
whether the AKI is transient or persistent. Last, the research advances identifying 
early biomarkers have thus far been inaccessible in clinical practice [12].

Neutrophil gelatinase-associated lipocalin (NGAL) [13] has been far and away 
the most promising biomarker to help fill this gap, and its diagnostic capabilities as 
a biomarker have been confirmed in a large number of clinical trials. This chapter 
aims to present information on the role of NGAL in the renal injury process, its 
expression in the kidney, confounding factors, the type of assay used, whether 
plasma or urine NGAL has better accuracy, the cutoff values in normal individuals, 
the accuracy of NGAL for diagnosing AKI, and the evaluation of other outcomes.

2. The role of NGAL

In 1993, Kjeldsen et al. [13] isolated lipocalin as a protease-resistant polypeptide 
covalently bound to neutrophil gelatinase, named neutrophil gelatinase-associated 
lipocalin (NGAL), also known as siderocalin, lipocalin 2 or oncogene 24p [14].

NGAL is a 25 kilodalton (kDa) protein covalently bound to gelatinase in 
neutrophil-specific granules. NGAL is expressed at very low levels in various human 
tissues, including the kidneys, uterus, prostate, salivary gland, trachea, lungs, 
stomach, and adult and fetal colon [15, 16]. The anti-inflammatory function of 
NGAL is demonstrated by increased NGAL expression in proliferative epithelia, 
inflammatory areas, and intestinal malignancies [17].

In normal kidneys, the expression of NGAL is mainly released by the thick 
ascending limb and the intercalated cells of the thick collecting duct. Some NGAL 
expression is also present in the proximal tubular epithelium, once NGAL is filtered 
by the glomerulus and reabsorbed by the proximal tubule in a megalin-dependent 
manner [17, 18]. The physiological function of NGAL in the kidneys is unknown; 
however, the role of NGAL in renal morphogenesis is under consideration [19]. 
NGAL also has a predominant role in the regulation of cell proliferation, repair 
processes, and tubular reepithelization. NGAL expression corresponds to an addi-
tional iron transport pathway, which increases the transcription of hemeoxygenase, 
an enzyme with proliferative and antiapoptotic effects that protects and preserves 
proximal tubular cells [20, 21].

Several biological functions for NGAL have been suggested; in the kidney, 
NGAL release is associated with ischemic or nephrotoxic insults. Additionally, 
a decrease in tubular reabsorption after AKI may lead to a further increase in 
urinary NGAL concentration, resulting acquiring a status of the “troponin” of the 
kidneys [22–24].

KEY POINT: The role of NGAL remains unclear, but its release mainly from the 
distal tubule has been associated with an increase in kidney injury.

3. Confounding factors affecting NGAL

The conditions that can interfere with the performance, sensitivity, and speci-
ficity of NGAL, already identified as a biomarker, are sepsis, chronic obstructive 
pulmonary disease, and cardiac dysfunction, and the presence of these condi-
tions may act as confounding factors for NGAL measurements. The predictive 
performance of NGAL seems to also be influenced by age (higher predictive value 
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in children than in older patients), sex (higher predictive value in female patients 
than in male patients), urinary tract infection, and impaired renal function (higher 
predictive value in patients with chronic kidney disease) [25–27].

Sepsis will be more thoroughly addressed in the next chapter.
KEY POINT. Controlling for confounding factors in clinical trials is vital to maintain 

the internal validity of a study.

4. Types of NGAL assays

The commercialization of NGAL as the gold standard for the diagnosis of AKI is 
somewhat controversial [28]. There are many types of NGAL assays available on the 
market that use different nonautomated ELISA platforms, which makes it difficult 
for comparisons to be made among studies from around the world.

The first kit for the quantitative and automated determination of NGAL by 
the ELISA method was developed by Abbott Laboratories (Abbott Park, IL, USA) 
for the urinary evaluation of NGAL, with a cutoff value of 141 μg/L (95% CI 
125–158 μg/L). An EDTA plasma blood test was created by the Triage Meter plat-
form (Biosite-Inverness Medical, Waltham, USA) with a cutoff value of 163 μ/L (CI 
109–221 μ/L) [29].

Bioporto (Bioporto Diagnostics A/S, Gentfte, Denmark) developed a new particle-
enhanced turbidimetric immunoassay (PETIA) that has the advantages of flexibility 
(adaptation for clinical use in different analyzers), automation (closer to clinical 
practice), and applicability in different biological matrices (urine and plasma) [30].

The chemiluminescence test is an alternative to assess NGAL, and it is com-
monly used to analyze studies with small animals since it is possible to do the 
analysis with few substrates [31].

Because there are three known molecular forms of NGAL, the assay of interest 
should differentiate the 25 kDa NGAL monomer produced by the monocyte tubular 
epithelial cells from other forms of NGAL: 45 kDa NGAL, from the homodimer 
predominantly secreted by neutrophils, and the 145 kDa NGAL/matrix metallopro-
teinase-9 (MMP9) covalently complexed heterodimer [32, 33].

According to Mårtensson et al. [34] and Cai et al. [33], the combination of 
two ELISAs, may improve the diagnostic accuracy of NGAL, one to determine the 
monomeric form and the other to determine the homodimeric form.

The confounding factor of sepsis is described herein and is dependent on the assay 
method, as well as whether the chosen kit is less sensitive to 25 kDa NGAL expressed 
by tubular epithelial cells. The test can also measure the 45 kDa homodimer pre-
dominantly secreted by neutrophils, which are common in sepsis, and the increase in 
neutrophils increases homodimeric NGAL expression and results in false positives.

KEY POINT: Choose a method closer to those used in clinical practice and a test more 
accurate for measuring the monomeric form of NGAL expressed by tubular epithelial 
cells after injury.

5.  Plasma or urine NGAL measurement and normalization of urine 
values

The consensus is clear that NGAL measured in urine has better performance 
[35], because the release and increase in NGAL will occur first in urine. However, 
the collection of urine depends on the urine output, which is sometimes not avail-
able. Some benefits of plasma NGAL are that it is available at any time and is more 
accurate in anuric or oliguric patients.
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The issue about the normalization of urinary NGAL by correction for the 
urinary creatinine level is debatable, but it has been used to correct for urine output 
in cases of oliguria or pollakiuria, avoiding inaccurate concentration or dilution 
measurements of the biomarkers. The fact is that the creatinine release time is dif-
ferent from the biomarker release time, and the normalized level will be affected by 
this difference and will not represent a real physiological value [36].

KEY POINT: Urinary NGAL is released earlier than plasma NGAL, and the 
accuracy of the normalization of urinary NGAL by creatinine is debatable.

6. Cutoff values of NGAL in normal individuals

The determination of normal NGAL levels in healthy adults has been inad-
equately described in the literature. However, some studies have been performed, 
such as that of Cullen et al. [26], which analyzed urine by the Abbot-Architec assay 
in 174 healthy people (100 men and 74 women aged between 19 and 88 years). The 
value of the immunoassay result was normalized by urinary creatinine, and the 
cut-off value was 107 μ/mmol (13 μ/mmol). There was a higher concentration of 
creatinine-normalized urinary NGAL in women, in the elderly and in patients with 
leukocyturia.

The study reported by Stejkal et al. [37] analyzed BioVendor’s NGAL assay 
using the serum of 136 healthy, nonobese individuals (53 men and 83 women). The 
authors reported median NGAL values (78.8 μg/L for men and 80 μg/L for women). 
Pernnemans et al. [27] analyzed the NGAL ELISA (RD System Europe, Abingdon, 
UK) and other urinary biomarkers in 338 healthy individuals (199 women and 
139 men, aged 0 to 95 years). They reported that the NGAL reference range of the 
21–95 years age group was 73.88–211.16 μg/L in women and 149.26–182.58 μg/L in 
men, and there was higher expression in elderly individuals.

An NGAL PETIA (Bioporto Diagnostics A/S, Gentfte, Denmark) [36] was 
evaluated for 200 healthy nonobese individuals (137 men and 63 women, with a 
mean age of 39 years (SD 11.2)). They proposed reference plasma concentrations 
from 38.7–157.6 ng/ml for women and 24.4–142.5 ng/ml for men and proposed ref-
erence urine concentrations of <9–54.5 ng/ml for both sexes. The authors reported 
that the mean values in men were higher than in women, 78.9 ng/ml vs. 73.8 ng/ml, 
respectively; there was a significant difference in NGAL in relation to age.

In addition to the variability of the chosen immunoassay, the unit of measure-
ment in the interpretation of the NGAL studies should be considered—the most 
commonly found are ng/ml, μg/L, ng/dl, mg/ml and μg/mmol.

KEY POINT: The median cutoff value for urinary NGAL in healthy men was 
between 78.8 and 182.58 μg/L, and the median plasma value was between 24.4 and 
142.5 ng/ml in men. The broad variability of the results difficult to interpret.

7. NGAL to predict AKI

NGAL is the most widely investigated AKI biomarker. Its performance for 
predicting AKI has been evaluated in various settings, such as in pediatric and adult 
cardiac surgery patients, in critically ill patients, and in patients in the emergency 
room, as well in kidney transplant and other settings [38, 39].

Numerous studies have demonstrated the ability of NGAL to diagnose AKI. For 
example, the study reported by Constantin et al. [40], that evaluated the plasma 
NGAL of 88 patients at ICU admission, found a sensitivity of 82%, specificity of 
97% and AUC of 0.92 to cut-off value of 155 mmol/L to predictor of AKI.
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A multicenter study, reported by Di Somma et al. [41], with 665 patients admit-
ted to the emergency department, assessed plasma NGAL in several points after 
admission. Serial evaluation of NGAL at times zero and six hours provided a high 
negative predictive value (NPV) (98%) to rule out the diagnosis of AKI within six 
hours of the arrival of patients to the emergency department. The NGAL value at 
admission could demonstrated a strong predictive value for in-hospital mortality of 
the patient, with a cut-off value of 400 ng/ml.

In the meta-analysis by Haase et al. [42]—with 19 studies, totaling 2538 patients, 
of whom 487 (19.2%) developed AKI—NGAL was demonstrated to have diagnostic 
and prognostic value for AKI, with an OR of 18.6 (95% CI 9–38.1) and AUC of 0.81 
(95% CI 0.73–0.89). The cut-off value ranged from 100 to 270 ng/ml, but a value of 
150 ng/dl was suggested for the diagnosis of AKI.

In another recent meta-analysis by Zhou et al. [39]—with 24 studies, a total of 
4066 patients from 9 countries, including studies with serum and urinary NGAL—
the sensitivity for the diagnosis of AKI was 0.68 (95% CI, 65–0.70), and the speci-
ficity was 0.79 (95% CI 0.77–0.80).

In the study by Singer et al. [38], urinary NGAL was useful for classifying and 
stratifying patients with established AKI: the level of NGAL>104 μg/L indicated 
intrinsic AKI (odds ratio of 5.97), while the level of NGAL <47 μg/L indicated 
unlikely intrinsic AKI (odds ratio of 0.2). In the logistic regression analysis, NGAL 
was able to predict the worsening of the RIFLE class, the need for RRT and in-
hospital mortality. The performance of NGAL to evaluate other outcomes will be 
discussed in the next chapter.

KEY POINT: Despite the good results of NGAL for predicting AKI, the variability of 
the cutoff value is still a challenge for applying NGAL in clinical practice.

8. The early timing diagnosis by NGAL versus standard serum creatinine

The study by Bennett et al. [43] clearly indicated that urinary NGAL is a powerful 
early biomarker of AKI after cardiopulmonary bypass that preceded the increase in 
serum creatinine by 2–3 days. Studies have shown that elevation of NGAL is detect-
able after 3 hours and peaks approximately 6–12 hours after injury. The elevation can 
persist up to 5 days according to the severity of injury [44–46]. In addition to Benett’s 
study, other studies in general have failed to reach conclusions about the early tim-
ing diagnosis of NGAL, which is the main finding required to reach a therapeutic 
window and better evaluate future medication targets in AKI.

KEY POINT: If you perform a study or analyze a biomarker, remember to compare 
the pattern of biomarker early timing diagnosis with serum creatinine.

9. Evaluation of other outcomes by NGAL

Several studies have assessed the diagnostic value of NGAL to predict AKI, but 
only a few have analyzed the early diagnosis in hours/days and compared it with 
serum creatinine, as seen in the last chapter. Still fewer studies have evaluated the 
predictive performance of NGAL in other outcomes, such as the need for RRT, 
recovery of renal function, progression to end stage renal disease (ESRD) and 
mortality, which will be discussed in this chapter.

In the meta-analysis by Hall et al. [47], for 91 kidney transplant patients, the 
incidence of need for RRT was 4.3%, and NGAL, in this scenario, had an OR of 12.9 
and AUC of 0.78. In the same study, NGAL and urinary IL18 were predictors of the 
need for RRT up to 1 week after transplantation. NGAL presented a good AUC of 
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0.81 (95% CI 0.70–0.92) 6 hours after transplantation and was also a predictor of 
graft recovery for up to 3 months.

In the study conducted by Constantin et al. [40], the cutoff value of NGAL to 
assess the need for RRT was 330 mmol/L. The value of urinary NGAL (Architect, 
Abbot Park, IL) was correlated with the need for dialysis (r: 0.48 P: 0.01), presenting 
an AUC of 0.86 2 hours after cardiopulmonary bypass in children [43].

A recent meta-analysis by Klein et al. analyzed 12 studies to predict the need for 
RRT and found an AUC of 0.70 (95% CI 0.63–0.80) for NGAL [48].

Bhavsar et al. [49] concluded that higher levels of NGAL (measured by the 
Luminex assay) were associated with stage 3 CKD incidence. Some researchers 
have discussed whether the association of NGAL level is not exclusively related to 
the increase in neutrophils already described by Tian et al. [50] and maintain that 
further studies would be needed to elucidate this issue.

In the meta-analysis by Haase et al. [42], the incidence of mortality was 5.4%, 
and NGAL, in this scenario, showed an OR of 8.8 and AUC of 0.70.

In the Ariza study [51], PNGAL and UNGAL were demonstrated to be strong 
predictors of prognosis, and UNGAL was significantly predictive of the MELD 
score using the 28-day mortality score AUC of 0.88 (0.83–0.92).

In the study by Bennett et al. [43], the value of urinary NGAL (Architect, Abbot 
Park, IL) was also correlated with mortality (r: 0.53 p 0.01), with an AUC of 0.91, 2 
hours after cardiopulmonary bypass in children.

The study by Dent et al. [52], using PNGAL (Biosite Inc., San Diego, USA) in 
120 children undergoing cardiopulmonary bypass (CBP) and a cut-off value of 
150 ng/ml and AKI prediction, found an AUC of 0.96 2 hours after CBP. PNGAL 
was also strongly correlated with the duration of AKI (r = 0.57, p < 0.001) and 
hospital stay time (r = 0.44, p < 0.001), and PNGAL at 12 hours was correlated with 
mortality (r = 0.48, p: 0.004).

In the study by Daniels et al. [53], PNGAL (Alere Inc., Waltham, USA) was mea-
sured in 1393 adult patients with cardiovascular disease (CVD) who were followed 
for 11 years. Of these, 436 did not survive, and 169 died from CVD. PNGAL was a 
predictor of CVD mortality, with a risk ratio of 1.33% and a risk ratio of 1.19% for 
all causes of mortality.

KEY POINT: Evaluating outcomes by NGAL beyond the limitation of only the diagno-
sis of AKI is important to know how more than one parameter evaluates the outcome and 
prognosis, and it could help physicians by indicating an early need for RRT, for example.

10. Conclusion

This brief review, based on accumulated evidence, discussed the role and 
value of NGAL in the diagnosis and prognosis of AKI. Studies’ findings suggest 
that induction of NGAL plays an important role in kidney function preservation, 
reducing apoptosis, and enhancing proliferative responses. In kidney injury, rapid 
and massive upregulated synthesis of NGAL occurs in the distal tubule, which 
quickly increases the concentration of NGAL in urine [54]. In addition, other 
important considerations have been provided as “key point” to help researchers 
move the NGAL analysis to clinical practice as soon possible.
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Chapter 8

The Role of Neutrophil 
Extracellular Traps (NETs) in the 
Pathogenesis and Complications 
of Malignant Diseases
Sheniz Yuzeir and Liana Gercheva

Abstract

It was recently proved that neutrophils and platelets are active participants 
in some inflammatory processes as well as a number of pathological conditions, 
including neoplastic diseases and thrombosis. It has been found that circulating 
neutrophils actively affect the mechanisms of tumour genesis, and along with 
platelets, act as independent regulators of different complications in infectious 
and malignant diseases. A few years ago, it was found that neutrophils have the 
ability to release extracellular traps (called neutrophil extracellular traps or NETs). 
Thus, neutrophils use both intracellular and extracellular mechanisms to limit 
inflammatory complications. Several recent studies confirmed that NETs increase 
considerably in malignant diseases, demonstrating that tumour-induced NETosis 
is a clinically significant process. It is recognised as an element of tumour biology, 
as it participates in tumour progression and angiogenesis. Neutrophils and the 
NETs released from them are stimulators of thrombotic processes in physiological 
and pathological conditions. Several reports demonstrate the connection between 
NETs and thrombosis. The presence of NETosis serves as a potential risk factor 
for thrombotic complications in malignant diseases. This chapter summarises the 
current knowledge of NETosis and the mechanisms that lead to the formation of 
NETs, including the role of circulating platelet–neutrophil complexes as regulators 
of tumour-induced NETosis in malignant diseases.

Keywords: NETosis, neutrophils, platelets, malignant diseases, infections

1. Introduction

One of the important causes of increased mortality in patients suffering from 
different inflammatory and neoplastic diseases is thrombosis of a large artery or 
vein. Recently, the attention of study groups has been drawn to the newly discov-
ered functions of neutrophils, which confirm their significant role in not only 
inflammatory processes but also a number of pathological conditions, including 
neoplastic diseases and thrombosis [1, 2].

Neutrophils, as inherent mediators of immune defence, play an important 
role in various inflammatory processes [1]. Studies of the content of neutrophil 
granules reveal that an abundance of enzymes and macromolecules have roles in 
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the different cellular interactions of granulocytes [3]. Enzyme-rich content reflects 
the active participation of neutrophils in the protective inflammatory response to 
bacteria, fungi and, to a lesser extent, other infections. These enzyme-mediated 
reactions are activated after membrane signalisation from the granulocyte plasma-
lemma, which possesses adhesive proteins, receptor molecules and ionic channels 
with pump mechanisms [4, 5]. Some receptor molecules have enzyme activity 
that inactivates cytokines and interleukins or activates intracellular processes for 
chemotactic movement of neutrophils through circulation from endothelial pores 
to tissues [6, 7]. Their ability to absorb pathogens and activate apoptosis through 
intracellular phagolysosomes is well known. After apoptosis was first described 
in 1972, several other mechanisms of cellular death were revealed, and decoding 
the paths leading to cellular death has remained a subject of discussion. In 2004, 
a group of scientists led by Brinkman [8] proved that stimulation of neutrophils 
with interleukin 8 (IL-8) or lipopolysaccharides (LPSs) causes liberation of 
chromatin in the extracellular space. Thus, these specific inflammatory cells release 
neutrophilic extracellular traps (NETs), which are formed mainly by decondensed 
nucleosomes and chromatin extracted from intracellular granules, such as neutro-
phil elastase and myeloperoxidase. So, it has been proven that neutrophils use both 
intracellular and extracellular mechanisms to confine infections.

2. Neutrophil Extracellular Traps (NETs)

The process of NET formation is called NETosis. This is characterised as a 
new process of cellular death that leads to chromatin decondensation, followed 
by cellular protein disintegration, lysis of the cytoplasm membrane and release 
of NETs [9]. The process of NETosis is dependent on enzyme peptidylarginine 
deaminase 4 (PAD4), which catalyses the transformation of histone-associated 
arginine residues into citrulline. It is mediated through the transformation of 
the α-amino group of arginine into a ketone group with subsequent chromatin 
decondensation [10–12].

The molecular mechanisms leading to NET formation remain unclear. According 
to recent data, the release of NETs in the extracellular space depends on two impor-
tant processes: generation of reactive oxygen species (ROS) and decondensation of 
chromatin. The production of ROS is realised by activating nicotinamide adenine 
dinucleotide phosphate, (NADPH) oxydase as well as by including additional signal 
paths that mediate different forms of NETosis. The activation of protein kinase C 
leads to the assembly of a NOX 2 complex in the phagosome membrane and subse-
quent electronic transport and formation of hydrogen peroxide (H2O2), which is a 
powerful inductor for the generation of NETs [9, 13].

The second process leading to the formation of NETs is decondensation of 
chromatin. Interestingly, the additional release of lipopolysaccharides demon-
strates that neutrophil elastase from azurophilic granules is the etiologic agent 
of this phenomenon. After neutrophil activation, the enzyme moves to the cel-
lular nucleus and decomposes histones, particularly histone 4, while the nuclear 
changes and decondensation of chromatin are both proportional to the level of 
histone 4 decomposition [14]. This implies that the other enzyme included in the 
process of NET formation is myeloperoxidase [15]. An important step in NET for-
mation is epigenetic modification of the histones, so-called histone citrullination 
through activation of the enzyme peptidyl-arginine deaminase (PAD4). Histone 
citrullination prevents histone methylation and further transcription, eventually 
resulting in chromatin decondensation [12, 16]. Releasing NET into the extracel-
lular space involves a series of interconnected processes. The first process occurs 
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when the nuclear and granular membrane disintegrates and elastase enters the 
nucleus; the second process involves the hypercytrulinisation of histones; the third 
process includes decondensation in the cytoplasm; and the fourth process tran-
spires when the plasma membrane ruptures and nuclear material is extruded from 
the cell in the outer space. Certain enzymes, such as peptidyl arginine deminase 
type IV (PAD4), neutrophil elastase (NE) and myeloperoxidase (MPO), play key 
roles in the chromatin decondensation process [17, 18]. Extracellular DNA, his-
tones and granular enzymes form a network of NETs that capture endogenous (e.g. 
platelets) and external (e.g. bacteria) particles. In addition, molecules are involved 
in the formation of HETs. Negatively charged DNA has been determined to act as 
the basis for NET and to interact with other NET components through a positive 
electrostatic charge. Although a number of studies have used PMA as an inducer of 
NET, the exact intracellular pathway that leads to the release of NET has yet to be 
determined [19, 20].

Most studies have concluded that an important autophagy process is activated in 
the formation of NETs. Autophagy is an anti-apoptotic mechanism that activates in 
response to cell stress. It occurs in order to regulate protein and organelle turnover, 
ensuring cell survival [21]. The protein kinase mammalian target of rapamycin 
(mTOR) negatively regulates autophagy, which is also involved in the formation 
of NET [22, 23]. Most studies have indicated that an important autophagy process 
is activated during the formation of NETs. Some intracellular signalling pathways, 
such as the PICK3 blocking autophagy, inhibit the release of NETS. It has been 
presumed that autophagy is critical to the release of NET in both infectious and 
non-infectious diseases, such as sepsis, familiar Mediterranean fever (FMF), gout 
and inflammatory-driven fibrosis [24, 25].

The main components of NETs are DNA, histones and proteases, which have 
pro-coagulation properties. Histones have a marked cytotoxic effect on the vascular 
endothelium and can induce thrombosis [26]. Sulphurous proteases, such as neutro-
phil elastase, inactivate the tissue factor pathway inhibitor and lead to hypercoagu-
lation and fibrin deposition [27].

The critical role of neutrophils in the processes of tumour genesis has been 
emphasised in a number of publications. As inflammatory cells, they release dif-
ferent types of cytokines and chemokines that, through activation of intercellular 
interactions and modulation of the immune response, influence the tumour micro-
environment [28]. In addition, the proteases secreted by neutrophils have a specific 
role in regulation of the proliferation of tumour cells, tumour angiogenesis and the 
metastasis process. Different activating cytokines [IL-8, granulocyte colony-stimu-
lating factor (G-CSF) and tumour necrosis factor alpha], myeloperoxidase, neutro-
phil elastase and histone citrullination are included in the NET release process [21].

Some studies emphasise the critical role of G-CSF in tumour-induced NETosis. 
It is known that a major proportion of tumour cells produce G-CSF, which induces 
neutrophilia, a common finding in malignant diseases, which is usually related to 
poor prognosis. By releasing NETs, neutrophils provide a scaffold and stimulate the 
processes of platelet adhesion and aggregation. They are closely linked to tumour 
cells in vivo and in the tumour vasculature, but their role in tumour biology is still a 
subject of discussion.

Tumour-induced neutrophils have both pro- and anti-tumour potential. On the 
one hand, they secrete cytokines, generate thrombin and initiate positive feedback 
for stimulation of tumour growth, tumour invasion and maintenance of tumour 
angiogenesis. On the other hand, the anti-tumour potential of neutrophils is 
explained by their direct cytotoxic interaction with cancer cells, which stimulates 
the apoptotic decomposition of tumour cells due to their antibody-dependent 
cell-mediated cytotoxicity and favours their migration [29]. A number of studies 
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have confirmed that tumours expressing high levels of G-CSF are powerful induc-
tors of NETosis [30]. Also, cytokine IL-8, which is frequently expressed by different 
tumour cells, is described as a NET-inducing factor and has recently been proven to 
be essential for tumour-induced NETosis [31].

NETosis occurs in some infectious diseases as well as a number of non-infectious 
diseases. Some years ago, Hakkim and colleagues demonstrated that its incidence 
has increased in autoimmune diseases, such as lupus erythematodes [32]. Also, 
NETosis has recently been described to have a role in diabetes. It has been proven 
that hyperglycaemia is the cause of more frequent neutrophil activation and NET 
formation [33]. Additionally, it is assumed that NETs are included in the pathogen-
esis of some conditions, such as atherosclerosis [34].

The neutrophils and NETs released from them are important stimulators of 
thrombus formation processes in individuals with physiological and pathological 
conditions. Malignant diseases are risk factors for different types of thrombosis, 
and most often this is associated with the process of hypercoagulation as well as 
with increases in the capacity of activated neutrophils to form NETs. In the nine-
teenth century, Armand Trousseau reported the first data confirming the associa-
tion of cancer with thrombosis, later called Trousseau’s syndrome. The connection 
between NETs and thrombosis was demonstrated later, when Fuchs and colleagues 
showed that neutrophil extracellular traps provide a scaffold for activation of 
circulating platelets [35]. Since then, NETs have been considered to be involved 
in thrombosis processes related to cancer, and NETosis has been suggested to be 
a potential target for preventing thrombotic complications in malignant diseases 
[36]. Higher levels of NETs in blood stimulate the development of both arterial and 
venous thrombi.

Tumour-induced platelets have a critical role in the process of NETs’ release. 
Their immunomodulating effects are partially connected to their interactions 
with the inherent mediators of the immune system. The hyperactive condition of 
platelets in individuals with malignant diseases is due to the fact that many tumours 
express a tissue factor that leads to fibrin formation and platelet activation [37]. 
Their increased activation leads to the development of thrombosis and influences 
tumour genesis [38]. Therefore, it is generally accepted that neutrophils and plate-
lets are important regulators of tumour-induced NETosis.

It is established that the number of activated neutrophils and platelets increases 
in the presence of inflammatory and neoplastic diseases. The formation of com-
plexes between these cells is the main mechanism that connects haemostasis with 
inflammatory processes [39, 40]. About 50 years ago, the phenomenon of platelets 
adhering to neutrophils was described and termed ‘platelet satellitism’ [41]. These 
complexes are observed in a number of pathological conditions, such as bronchial 
asthma, chronic ulcerative colitis, sepsis, rheumatoid arthritis and acute coronary 
syndrome [42–45]. The first time these interactions were observed specifically in 
patients with cancer of the prostate gland was in 1975 [46]. The platelet–neutrophil 
complexes that were formed led to the mutual activation of platelets and neu-
trophils as well as the release of cytokines, exposition of adhesion molecules and 
receptors on the cell surface [39, 40]. This process of complex interaction is realised 
between the adhesion molecule P-selectin (CD62 P), which is located on the 
platelet surface, and the ligand P-selectin glycoprotein ligand-1 (PSGL-1), which 
is situated on neutrophils [47]. The important role of the interactions between 
integrated receptor molecules, such as glycoprotein 1b-IX-V and glycoprotein IIB/
IIa on the platelets and alpha-M-beta-2 on neutrophils, which initiate intracellular 
signal transduction [48–51], is emphasised. A number of studies demonstrated that 
activated neutrophils cause activation of platelets, similar to the way that activated 
platelets stimulate greater synthesis of NETs. Some interesting facts show that these 



109

The Role of Neutrophil Extracellular Traps (NETs) in the Pathogenesis and Complications…
DOI: http://dx.doi.org/10.5772/intechopen.93651

circulating platelet–neutrophil complexes form the so-called ‘metastatic niche’ and 
accelerate the process of metastasis formation [52]. Tumour-induced NETosis is a 
promoter of subsequent pathological processes connected to the development and 
progression of cancer [53].

Some prospective studies cite data confirming increased levels of circulating 
platelet–neutrophil complexes in patients with myeloproliferative diseases. The 
correlation of these complexes with the stage of the disease, the clinical course and 
treatment is of great interest. It has been found that patients with advanced stages 
of disease have higher levels of circulating complexes in their blood. In addition, 
the process of neutrophil activation, which is characterised by increased membrane 
expression of CD11b, release of proteolytic enzymes and platelet–neutrophil 
aggregates, contributes to the development of thrombosis [54].

Chemotherapy is related to an increased risk of developing thrombosis, but the 
pathogenetic mechanisms and the cytostatic agents that modulate haemostasis have 
not been fully clarified [55]. It is known that some of the cytostatics (e.g. doxoru-
bicin, epirubicin) used in therapy for malignant haemopathies and solid tumours 
induce tissue factor (TF) expression on the cancer cells, monocytes and the vascular 
smooth muscle fibres [56, 57]. Global coagulation assays are used to examine the 
effects of chemotherapeutic agents on the haemostatic balance, providing a good 
assessment of the pro- and anti-coagulant activity of these cells. Interestingly, treat-
ing patients with doxorubicin and epirubicin stimulates the expression of tissue 
factor and increases thrombin generation in defibrinated plasma. The procoagulant 
effect of anthracyclines on endothelial cells can cause an increase in the exposure of 
phosphatidylserine by caspase activation. Their effects on the activation of protein 
C have also been studied [58, 59]. To summarise, studies performed in vitro suggest 
that doxorubicin and epirubicin have the greatest prothrombotic potential to induce 
a procoagulant phenotype, as they provoke both apoptosis and NETosis.

In most publications, the preferred method to evaluate and assess the levels of 
circulating platelet–neutrophil complexes is flow cytometric analysis of venous 
blood after stimulation of the complexes with adenosine diphosphate and phorbol 
12-myristate 13-acetate. The conjugated antibody CD62 P (P-selectin) is used to 
assess the expression of CD11b and platelet–neutrophil complexes (CD41, CD45). 
Using this method, it has been established that the higher the percentage of circu-
lating complexes in blood, the higher the risk of thrombotic complications [60].

In conclusion, it should be emphasised that neutrophils and platelets are key 
regulators of tumour-induced NETosis. The neutrophils and formed NETs are 
important stimulators of the thrombotic processes. The identification of NETs 
and the characterisation of their role in disease have revived the overlooked role 
of neutrophils in disease pathogenesis. The analysis and evaluation of the levels of 
the circulating platelet–neutrophil complexes in blood in neoplastic diseases can be 
used as potential predictors of the occurrence of thrombosis. The flow cytometric 
method used for evaluation of the interaction between neutrophils and platelets 
achieves accurate and reproducible results.
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Abstract

Cancer and inflammation are connected by intrinsic pathways and extrinsic 
 pathway where the intrinsic pathway is activated by genetic events including mutation, 
chromosomal rearrangement or amplification, and the inactivation of tumor-suppres-
sor genes, as well as the extrinsic pathway, is the inflammatory or infectious conditions 
that increase the cancer risk. On the other hand, introns are non-coding elements of 
the genome and play a functional role to generate more gene products through  splicing 
out, transcription, polyadenylation, mRNA export, and translation. Moreover, introns 
also may act as a primary element of some of the most highly expressed genes in the 
genome. Intron may contain their regulatory function as CRISPR system which is acti-
vated after the demand of specific gene for specific protein formation where those are 
required for gene expression, they go for transcription and rest of them form splicing. 
This chapter will focus on the plausible role of introns to influence the genetic events 
of inflammation-mediated cancer cell development.

Keywords: inflammation, cancer, intron retention, CRISPR, transcription, PcGs

1. Introduction

The functioning links between cancer and inflammation was approached by a 
great scientist and physician Rudolf Ludwing Carl Virchow in 1863 [1–3]. Thereafter, 
for long Virchow’s idea had almost been unevaluated and discussed insufficiently 
[1]. Balkwill and colleagues (2001) supported Virchow’s idea and stated that if 
molecular deregulation is the “match that lights the fire” of cancer, then some types 
of inflammation may act as the fuel that stimulates the flame. For instance, the 
inflammatory process act as a cofactor in malignancy in the bladder, cervical, ovar-
ian, gastric, MALT (mucosa-associated lymphoid tissue) lymphoma, esophageal, 
colorectal, hepatocellular, bronchial, mesothelioma, and Kaposi sarcoma [3].

Currently, it is scientifically proven that inflammation promotes all stages of 
tumor formation as well as the development of cancer where chronic inflamma-
tion or non-resolving inflammation is playing a principal role in the initiation, 
promotion, malignant transformation, invasion and metastasis of cancer [4–9]. 
Interestingly, cancer-related inflammation is representing its 7th position as a 
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cancer hallmark and catching the current research attention in human cancer 
biology [5]. Basically, Inflammation act on cancer development by linking extrinsic 
and intrinsic pathway [9]. The extrinsic pathway develops inflammatory condition 
or microenvironment by inflammatory leukocytes particularly macrophages and 
soluble mediators (vasoactive amines such as histamine and serotonin, peptide such 
as bradykinin, and eicosanoids such as thromboxanes, leukotrienes, and prosta-
glandins) that raises cancer risk [9–11]. Intrinsic pathway is driven by genetic events 
(e.g. oncogenes, genetic aberrations) causing neoplastic transformation, initiate 
the expression of inflammation-related programs which guide the construction 
of an inflammatory microenvironment [11]. Inflammatory system involves the 
dynamic regulations of hundreds of genes and complex transcriptional program 
[12]. Moreover, the gene regulations by intron are often expressed in most of the 
cell through the effects of splicing or specific features [13–15]. Recently, several 
scientific reports claim that retained intron deregulates splicing machine in tumor 
transcriptoms [16–18]. Intron retention is considered as mis-splicing in which 
rather than being spliced out intron stays back and retained in mature mRNA [17]. 
However, the broad gap exists in monitoring of introns role in understanding of 
gene expression which could be a powerful tool in biotechnological and therapeutic 
applications. This chapter will cover intron’s role in the development of inflamma-
tion, intron retaining genes causing inflammation to cancer and finally unfolding of 
a hypothesis about CRISPR like machine to monitor introns function.

2. Inflammation to cancer

2.1 Extrinsic pathway

Inflammation is activated by leukocytes which make inflammatory mediators 
in the extrinsic pathway and this pathway is also triggered by various infections 
and toxic agents such as gastric acid reflux, autoimmune disease etc. [9]. Patients 
with inflammatory bowel diseases have an increased chance of getting colorectal 
cancer. As an example, about 43% of patients with ulcerative colitis develop 
colorectal cancer [19]. Moreover, in vivo and in vitro experiments have shown that 
DNA can be damaged by reactive oxygen species (ROS) and nitrogen intermedi-
ates which are known as inflammation generated mediators [20, 21]. For example, 
the enzymes of nitrogen production (iNOS) are overly expressed in many cancer 
cells [22]. It has been shown scientifically that over expressed iNOS involves in 
free radical- mediated DNA damage as well as creates an inflammatory microen-
vironment [23–27]. In a hypoxic atmosphere, a heterodimeric transcription factor 
known as HIF-1 (HIF-1α & HIF-1β) binds to hypoxia regulated genes and triggers 
the activation of iNOS and vascular endothelium growth factor (VEGF) [28, 29]. 
Thus hypoxia-responsive molecules such as HIF-1α & HIF-1β play an integral role 
in tumor and cancer development [30]. Matsumoto et al., 2007 have shown that 
Helicobacter pylori produce cytidinedeaminase (AID) in gastric epithelium which 
induce chronic inflammation mediated cholangiocarcinoma [31, 32].

2.2 Intrinsic pathway

Intrinsic pathway is activated by genetic variation such as proto-oncogene 
activation, inactivated tumor suppressor genes, and chromosomal multiplication 
as well as mutation which develops neoplasia [22]. A gene coding protein namely 
tyrosine kinase RET shows rapid and ample genetic variation in human papillary 
thyroid carcinoma (PTC) and initiates the transcriptional program that links to the 
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development of inflammation [33]. Transcriptome profile is activated by tyrosine 
kinase RET in human papillary carcinoma and comprises with colony-stimulating 
factors (CSFs), interleukin 1β (IL-1β), cyclo-oxygenase 2 (COX2), chemokines 
attacking monocytes and dendritic cells (CCL2 & CCL20), angiogenicchemokines 
(CXCL8), matrix-degrading enzymes and inhibitors, chemokine receptor (CXCR4) 
[34]. For example, patients with lymph nodes metastasis have shown an elevated 
level of tyrosine kinase RET activated inflammatory molecules in their biopsy 
results which demonstrate that genetic events have taken place in the pathogenesis 
of tumor and constructed an inflammatory environment [33–35]. Moreover, Ras 
oncogenes were known to be the most dominant genes that tend to get mutated 
rapidly and play a significant role in tumorigenesis. Ras oncogenes family includes 
KRAS, HRAS, and NRAS and their mutation has been observed in 25–30% of 
tumor specimens which has an impact on the KRAS locus [22]. For instance cervi-
cal cancer has shown that shifting of RAS oncogenes makes a chemokine named 
CXCL8 which participates in tumor development [36, 37]. Furthermore, polycomb 
complex target genes (PcGs) play a salient role in the growth of the embryo and 
aging through epigenetic rearranging. These groups of genes also involve in abnor-
mal DNA methylation and histone modification in cancer cells [38]. As an example, 
Yu H and colleagues (2007) reported that a mouse model with intestinal inflamma-
tion and cancer shows abnormal DNA methylation where over 70% of abnormal 
methylated genes were observed in PcGs [38].

3. Functional role of intron for development of cancer

Intron is defined as any intervening nucleotide sequence that formed splicing at 
the RNA level [39]. Intron was first discovered in 1970s with a traditional views that 
the coding region of eukaryotic genes are interrupted by introns which are spliced 
out from pre mature mRNA transcripts before the formation of mature mRNA 
[39–41]. After the elucidation of intron splicing mechanism, scientist became 
excited about its function on gene expression and speculated that may be introns 
carry out some function like regulation of splicing function, regulation of transcrip-
tion, evolutionary function or coding capacity but there was no clear examples of 
their active functions on gene expression [41]. From the starting 21st century, many 
researches have claimed about the intron function on gene expression or intron 
mediated enhancement of gene expression [13, 42–47]. However, a question remains 
unclear that within the genome, who is responsible to remember or decide which 
intron or parts of nucleotide sequences are necessary to stay within the mature 
mRNA stand for inflammatory gene expression rather than form splicing that 
result in cancer? Current chapter sheds light on the above question and hypothesize 
CRISPR like machine in perspective of inflammation mediated cancer development.

After the discovery of alternative splicing (AS), the transcriptomic and proteomic 
complexity has increases significantly [47, 48]. Recent breakthrough studies in 
high-throughput sequencing have explored a pivotal role of AS in normal biology that 
more than 95% of human multi exonic genes are subject to AS and produce at least 
two alternative isoforms [49, 50]. Moreover, Braunschweig and colleague compared 11 
vertebrate species and observed that about 50–75% of multi-exonic genes are affected 
by intron retention (IR) which is one kind of AS [47, 48, 51]. While another study 
showed that IR affects near about 80% of protein coding genes in humans [52]. Some 
scientific reports also considered IR as a harmful process for the body by slowing 
down splicing kinetics and delaying the onset of gene expression, by raising pre-
mRNA degradation in the nucleus through nuclear exosomes and finally by enhancing 
cytoplasmic pre-mRNA degradation through nonsense-mediated decay [51, 53, 54]. 
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This statement is also supported by the Green and colleague’s research as the genes 
that encoded the regulators of macrophage transcription, signaling inflammation, 
and phagocytosis has increased their expression when the IR events decreased [55]. As 
it is known, that intron retention (IR) is the process where instead of typically being 
spliced out, the introns remain intact in the mature mRNAs and thus whole process of 
IR supposedly has numerous physiological drawbacks resulting in different diseases 
[47, 48]. Currently, many researchers strongly claim that IR is a key mechanism to 
control gene expression during the development, differentiation and activation of 
several types of mammalian cell [56–63]. A recent study by Green and colleague 
claimed that intron retention affected the expression of key genes (ID2, IRF7, ENG, 
and LAT) involved in the development and function of macrophages those are the key 
inflammatory regulator [55]. So IR gene might be acting as one of the major causes of 
inflammation mediated cancer development (Table 1).

3.1 TGIF2 gene

PCR technique revealed two alternate splice forms of TGIF2 gene that were 
found in mice. The coding sequence of TGIF2 gene both in human and mice 
consists with intron that is retained [78]. The splicing phenomenon depends on the 
TGIF2 coding sequence where both splice forms encoded for an active transcrip-
tional repressor protein that is used to repress independent TGFβ and dependent 
TGFβ transcription [79]. Moreover, Melhuish and colleague have shown that the 
transcriptional core-repressor mSin3 interacts with human and miceTGIF2 and 
also revealed that the TGIF2 gene retains intron at a negligible amount which is not 
spliced out from human mRNA but a bigger amount is spliced out from the mice 
and thus correlated with variant cancers [79]. These findings are also supported 
by the study of Imoto et al., 2020 where the authors claimed that amplification 
and over-expression of TGIF2 gene lead to ovarian cancer [80]. The TGIF2 gene is 
located in chromosome 20q11.2–12 [80]. Often in solid human tumors, it has been 
observed that the long arm of chromosome 20 is highly amplificated [64]. Rapid 
amplification of TGIF2 in chromosome 20 leads to ovarian cancer which is observed 
in the cell lines of ovaries [80]. It is known that inflammation helps to grow tumor 
as well as development of cancer [4]. So the TGIF2 gene might have induced inflam-
mation during the tumourigenesis later on which turned into ovarian cancer.

3.2 EBNA-3 gene

EBNA-3 gene involves in multiple regulation during their expression due to IR 
retention. For instance, a study by Kienzle et al., (1999) showed that a stop codon 
might be inserted into a frame shift because of IR and thus the translation process 
could be stopped as a premature termination of EBNA-3 gene [81]. Moreover, it was 
depicted that IR can change the expression pattern of the EBNA-3 gene in human 
B-lymphocyte where its protein plays a pivotal role in cell proliferation and trans-
formation. They also play a censorious part in the development of lymphoma [82]. 
Patients with chronic inflammation because of autoimmune disorder have a higher 
risk to develop lymphoma [83]. So, herein could be a strong possibility to influence 
inflammation mediated lymphoma development by EBNA-3 gene.

3.3 APOE4

The expression of the APOE4 isoform shows a relation between intron retention 
and Alzheimer’s disease (AD). The prevalence of AD was longitudinally associ-
ated with a reduced risk of cancer where the cancer incidence was associated with 
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a reduced risk of AD [84]. Significant scientific evidence has shown that APOE4 
could able to aggravate more neurodegeneration, tau pathology and inflammation 
[85–87]. Liestøl et al., 2000 have observed that genotypes of APOE4 increases the 
risk of cancer in patients with immunodeficiency. Interestingly, 24.6% of APOE4 
alleles have been found in variant cancer cases where 13.5% were found in noncan-
cerous cases [88]. As the higher frequency of APOE4 increases the risk of cancer, it 
also worsens inflammation. It might be possible that APOE4 may initiate inflamma-
tion and by making it worse, it causes cancer in people with immunodeficiency.

3.4 EGFR, ROS1, RUNX1

It was claimed that 2340 and 1422 genes show tumor-specific and normal tissue-
specific retention events respectively [89, 90]. For example, EGFR, ROS1, RUNX1 
play salient roles in carcinogenesis [72, 89]. ROS1 gene fusion has been observed 
in a substantial number of malignancies which comprises ovarian cancer, cholan-
giocarcinoma, inflammatory myofibroblastic tumor, colorectal, and angiosarcoma 
[72]. Abnormal EGFR expression can initiate different types of respiratory diseases 
such as inflammation mediated lung fibrosis, cancer, and multiple hypersecretory 
diseases comprising COPD, asthma and cystic fibrosis [91]. Furthermore, RUNX1 
mutation has been observed in numerous malignancies in myeloid and lymphoid 
cell [92]. Bellissimo et al., 2020 showed that RUNX1 regulates the signaling path-
ways of TLR1/2 and TLR4 and with the help of neutrophils it can produce inflam-
matory cytokines as well as develop inflammation mediated leukemia [74].

3.5 TP53

Intron retention frequency may be responsible to inactive tumor suppres-
sor genes in many cancers cell [93]. Study revealed that in cancerous condition, 
retained intron transcript exits in NMD pathway and inactivates the TP53 gene. 
Additionally, TP53 gene provides instruction to code for a protein named p53 which 
can produce pro-inflammatory cytokines [92]. Mutation of p53 can cause inflam-
mation mediated cancer [94].

4. Phylogenetic tree analysis of IR gene, PcGs and Ras oncogene

The evolutionary history and relationship of an organism or group of species are 
named phylogeny. Phylogeny depicts the connection of an organism. Phylogenetic 
relationships give information on shared common ancestry but not obligatory how 
organisms are similar or different. Phylogenic tree analysis of all genes those are 
performing intron retention scenario, PcGs and Ras oncogenes (Figures 1–3) has 

Figure 1. 
Phylogenetic tree of intron retaining (IR) genes.
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done to find out the relation among the genes. MEGA X software has been used to 
construct the phylogenic tree to understand the relation among all the cancers genes 
(Tables 1 and 2).

Figure 1 demonstrates that the vertical line on the left side is the common 
ancestor or the root of the seven gene sequences from which the genes have been 
evolved in a period. The evolution period can be explained through the horizontal 
lines near the sequences. The small length of lines before sequences means the 
sequences evolved in a short period whereas the long length of lines means longer 
time was needed for the sequences to be evolved. The common ancestor or root 
has been divided into two branch points. From the first branch point total of five 
sequences have been modified which were RUNX1, APOE4, EBNA-3(USP46), 
ROS1, and TP53. From the second branch point, two sequences have been evolved 
TGIF2 and EGFR. The phylogenetic tree has three separate clades. Clade means a 
variety of species that include all the descendants of a common ancestor. In the first 
clade, the first two sequences of genes RUNX1 and APOE4 are closer to the ancestor 
than EBNA-3 as they are from the same node. In the second clade, among ROS1 and 

Figure 3. 
Phylogenic tree among IR gene, RAS oncogenes and PcGs.

Figure 2. 
Phylogenic tree between RAS oncogenes and PcGs.
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TP53, ROS1 is closer to the root as its horizontal line is smaller than the TP53 ones. 
In the third clade, EGFR is much closer to the root than TGIF2 as its horizontal line 
is smaller and close to the ancestor than TGIF2.

Figure 2 depicts that both type of cancer genes (RAS oncogene and PcGs) were 
evolved from a common root or ancestor. The tree demonstrates that BMI 1, HRAS, 
SUZ12, and EED had been sharing the most recent ancestor but BMI 1, HRAS, and 
SUZ12 remain closer than EED as they share the same root. Interestingly, BMI 1 & 
EZH2 from PcGs and HRAS & NRAS from Ras oncogene are closely related to each 
other respectively where they are from different group’s gene. The following three 
genes PHF19/PCL3, PH and TP53 were from the same clade and they are near to one 
another. The last four genes CBX7, KRAS, RING 1 and MEL 18(PCGF2) were from 
the same clade as they share the most common ancestor.

Figure 3 demonstrates that all the genes were evolved from a common ancestor. 
The IR gene APOE 4 and ROS1 are closely related each other as expected. However 
interestingly, IR gene EBNA-3shares the common ancestor with PCGF(MEL18). So 
herein might be chances for MEL18 or PCGF2 gene to develop inflammation medi-
ated cancer by the influencing of IR.

5.  Hypothesis: CRISPR like function might be a functioning model of 
intron

CRISPR-Cas9 is also known as a genome-editing tool where CRISPR stands for 
“Clustered Regularly Interspaced Short Palindromic Repeats and Cas9 is an enzyme 
that cuts foreign DNA [116]. In the 21st century, CRISPR-Cas9 is being used 
immensely in medical technology to edit, remove or add a gene to correct genetic 
defects [116]. CRISPR has conformed from the natural defense mechanism of bac-
teria, archaea and developed an immune system by CRISPR loci [116]. CRISPR and 
Cas9 enzyme serve as an immune guard and provide safety against bacteriophage, 
viruses, and foreign invaders [117–119]. The immunization process after invading 
foreign genetic elements, a small fragments of foreign DNA are integrated into the 
CRISPR repeat-spacer array within the host chromosome as new spacers. Thus, a 
genetic record of prior infection will save into the host body that enables to prevent 
future invasion of the same invader [120, 121] (Figure 4).

The nucleotide repeats and spacers are main two component of CRISPR. 
Repeated sequence of nucleotide is distributed in the CRISPR region and Spacers are 

Figure 4. 
CRISPR biology.
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a small portion of DNA present in the CRISPR region. Destruction of foreign invad-
ing DNA or RNA occurs by Cas9 enzyme. If in future, the foreign body again attacks 
the organism, they fight it off as they have the virus or foreign invader’s DNA from 
beforehand and thus they recognize it and kill it [121]. So in CRISPR biology, spacer 
acts as a responsible sequence to remember or decide which foreign body needs to be 
killed where Cas9 enzyme plays a pivotal role. According to our hypothesis, intron 
network might work as CRISPR like functioning model.

According to the section 3, it is confirmed that IR have the ability to influence 
inflammation mediated cancer development. From the CRISPR function it is clear 
that according to the demand of the cell, CRISPR can get activated. It might be pos-
sible that according to the demand of the abnormal cells, intron retention may form 
to confirm inflammation mediated malignancy state (Figure 5). Moreover, our 
phylogenetic tree analysis depicts that PcGs, RAS oncogenes, and intron retaining 
genes are related to each other and they all share a common ancestor. As all three 
categories of genes initiate cancer development in humans, it might be possible 
that PcGs and RAS oncogenes can express themselves as intron retaining genes or 
vice versa.

6. Conclusions

Cancer is a genetic disease and is one of the leading causes of death around the 
world. As a genetic event, the intron retention causes inflammation as well as the 
development of cancer cells. So far, it is clear that the intron is spliced away during 
gene expression while exons remain and express the genes. However, the retention 
of introns is an unlikely phenomenon that differs from the common hypothesis 
and appears anomalous. The genes involved in retaining intron have a carcinogenic 
effect. It may be speculated that some nucleotide sequence whether it is coding or 
non-coding region could function as a memory sequence, hence are able to remem-
ber intronic sequence as like spacer responsibility of CRISPR system and would 
only be functioning according to the demand of the cell. Future in depth analysis 
on intron retaining genes is required to explore their effect on  inflammation 
and cancer.

Figure 5. 
Illustration of retained intron in the gene causing mutation which leads to inflammation and tumorigenesis 
resulting in development of cancer.
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VEGF Vascular endothelium growth factor
PTC Papillary thyroid carcinoma
CSFs colony-stimulating factors
IL-1β Interleukin 1β
COX2 Cyclo-oxygenase 2
PcGs Polycomb complex target genes
AD Alzheimer’s disease
CRISPR Clustered Regularly Interspaced Short Palindromic Repeats
AS Alternative splicing
IR Intron retention
COPD Chronic obstructive pulmonary disease
MALT Mucosa-associated lymphoid tissue
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Chapter 10

Celiac Disease
Nour Amin Elsahoryi

Abstract

Celiac disease is chronic autoimmune-mediated small intestinal enteropathy. CD 
caused by ingestion of the dietary gluten that found in wheat, barley, and rye, in the 
individual who are predisposed genetically by having leucocyte antigen, (HLA)-DQ2 
or -DQ8-positive. Rigorous adherence to a gluten-free diet is the only treatment 
for this condition to reduce the symptoms and the consequences at the short-term 
and the long term. The aim of this chapter is provide updates and comprehensive 
overview about the celiac disease epidemiology, pathogenetic information, clinical, 
and diagnostic methods, updated therapeutic strategy approaches that followed 
as a treatment and recommendations. Its challenge to understand all the domains 
that causes celiac disease. Finding alternative diet and trying different lifestyle still 
under debates. However, complete exclusion of the gluten-containing food from the 
patient’s diet is the only effective treatment to avoid the disease complications.

Keywords: Celiac Disease, Epidemiology, Pathophysiology, Genetics, Diagnosis,  
Risk Factors, Complications, Treatment

1. Introduction

In most studies and publications, coeliac disease or Celiac disease (CD) is charac-
terized as a serological and histological immune-mediated disease caused by dietary 
gluten in people who are genetically predisposed to it [1, 2]. Individuals who have 
positive HLA-DQ2-positive and/or HLA-DQ8 and consume glute-contains diet are 
susceptible to have CD because they have genetic and/or environmental factors [1, 2]. 
Gluten is the storage protein of wheat and founds in the endosperm of other cereals 
(secalins in rye, hordeins in barley and avenins in oats [3]. The gluten protein is a CD 
trigger that could found also in that cereals hybrids such as the spelt, and the kamut 
[4]. This protein is composed of two main fractions: prolamin and glutelin in various 
proportions among the causative cereals. For example, the prolamin is about 68% and 
glutelin is 82% in the wheat, 52% and 71% in the rye and 62% and 71% in the barley, 
respectively [4]. However, the other proteins component such as albumins and the 
globulins are related to the IgE-mediated allergic response in the genetically suscep-
tible individuals that have positive leukocyte antigen HLA-DQ2-and/or HLA-DQ8 [4].

The small intestinal is the primary affected organ with CD, intraepithelial 
lymphocytes (IELs) count increase after gluten ingestion and the immune response 
leads to structural changes in the gut such as villi blunting or flattening (villous 
atrophy) and elongation of the crypts (crypt hyperplasia) [2]. CD could lead 
to various extraintestinal symptoms and manifestations (Gastrointestinal and 
Extraintestinal) [2] as shown in Table 1, but also it is very important to mention 
that some patients remain asymptomatic.
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Figure 1. 
The pooled prevalence of biopsy-confirmed CD worldwide [5].

A few decades ago, CD was hidden and underdiagnosed disease, but recently 
this disease was well-diagnosed sequencE by positive celiac-specific serologic 
tests and small intestinal biopsy specimens to ensure the true incidence and to 
find the true prevalence globally [5]. In 2012, Gujral et al. [6] mentioned that 
approximately 1% of the global prevalence is suffering from CD. Recent system-
atic review and meta-analysis (2018) published that the pooled global prevalence 
of CD was 0.7% (95% CI, 0.5%–0.9%) [5]. The seroprevalence of CD from 
96 studies was 1.4% (1.1%–1.7%, 95 CI) at significant heterogeneity (97.5%). 
Whereas the pooled global prevalence that was confirmed by biopsy was 0.7% 
(0.5%–0.9%, 95%CI). The highest CD prevalence was in Europe and Oceania 
(0.8%), followed by Asia (0.6%), Africa (0.5%) and 0.4% in South America as 
shown in Figure 1. Prevalence among children was higher than adults (0.9% 
and 0.5%, respectively) higher among the females than males (0.6% and 0.4%, 
respectively) [5].

To date, the only effective treatment for CD is a lifelong strict gluten-free diet, 
which lead to recovery of the mucosal damage recovery in the small intestine. 
Following restricted GFD improves the clinical symptoms and reduce the short and 
the long term complications that associated with CD [1, 2, 7–11].

Gastrointestinal 
manifestations

Diarrhea, loose stools, weight loss, dyspepsia, distended abdomen, flatulence, 
chronic abdominal pain, anorexia, vomiting, chronic constipation, and growth 
retardation (in children).

Extraintestinal 
manifestations

Recurring headaches, Epilepsy and seizures, Peripheral neuropathy, Cerebellar 
ataxia, Depression and Anxiety and Chronic fatigue, Short stature, delayed 
puberty, hepatitis, elevated liver, transaminases, iron-deficiency anemia.
Skeletal muscles: Arthralgia, osteopenia, bone fractures, osteopenia, and 
arthritis.
In the oral cavity: Dental enamel hypoplasia, recurrent aphthous
mouth ulceration.

Table 1. 
The clinical gastrointestinal and extraintestinal manifestations.
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2. Epidemiology

In the last decades, prevalence of CD was investigated in many countries by 
determining the new incidents in a specific time (cross-sectional studies mainly) [3]. 
According to some reports, CD prevalence has increased in some countries, such as 
the United States, where CD prevalence is estimated to be between 0.5 and 1 percent 
of the general population [3]. In Finland and Italy, however, the incidence was lower 
[1]. Overall, the CD prevalence was found through screening the general population 
which includes the serological tests. The difference in the diagnosis method led to 
inaccurate estimation of the prevalence and it remains greatly unrecognized [2, 12]. 
Numerous studies calculated the prevalence based on the positive serology test with 
duodenal biopsies to confirm the incident, whereas other studies diagnose the incident 
based on the positive serology test only [1–3, 12]. Although the differences in the CD 
diagnosis and cases reporting confirmation, the prevalence of CD incidents increases 
worldwide [1–3, 12]. Moreover, recent evidence pointed to increase the morbidity and 
mortality with CD [12, 13] and diminished the quality of life [12].

Recent systematic review and meta-analysis revealed that the worldwide CD 
seroprevalence is 1.4% based on positive IgA anti-TG2 test and/or test of anti-
endomysial antibodies [5]. The pooled global prevalence based on the confirmation 
of the biopsy results CD was 0.7% with a different result among the countries. 
For example, the high prevalence was reported in Europe and Oceania (0.8%) 
compared with South America (0.4%), Africa (0.5%) and Asia (0.6%) [5]. The 
epidemiological studies of CD reported that the incidents among females are more 
than males and among children more than adults [2, 3, 5]. In addition, the preva-
lence among patients who have higher first-degree relatives is more [1]. Moreover, 
the prevalence of CD is higher among the patients who suffer from other chronic 
diseases such as diabetes Meletus type 1 (DMT1), Down syndrome, and IgA 
deficiency [1, 14]. Based on specific geographical areas, United States, Brazil, Italy 
and Russia have the highest prevalence (1.6–2.3%), but very rarely in some coun-
tries such as China, Indonesia, Pakistan and unknown in other countries such as Far 
East Asia and sub-Saharan Africa [2, 3]. In the Arab country, Ashraf El-Metwally 
et al. reported in a recent systematic review that the CD prevalence was varied and 
the highest estimation was in Saudi Arabia (3.2%) and the lowest prevalence was in 
Tunisia (0.1%) [8]. The results among the Arab population were in agreement with 
the other populations, the incidence was higher among females than males, among 
children more than adults, and it is associated with other chronic diseases mainly 
Down’s syndrome and DMT1 [8]. Finally, some studies reported that CD prevalence 
is less than 0.5% such as china but Scherf et al. consider the prevalence in such 
countries is underdiagnosis and the remaining cases need more investigation [3].

3. Risk factors of celiac disease (CD)

Pathogenesis of CD is identified predisposing the risk factors and it is includes 
genetic factors and environmental exposure to the gluten protein that stimulates the 
autoimmunity that cause the mucosal damage and villous atrophy [1–3, 6, 12]. CD 
is a unique autoimmune disease in that its key genetic elements (human leukocyte 
antigen (HLA)-DQ2 and HLA-DQ8), the autoantigen involved (tissue transgluta-
minase (tTG)). In the case of CD, there is an imbalance between T helper 1 and 2 
cell responses. The genetic and environmental factors are both lead to impair the 
function of the intestine, inappropriate immune response, and an imbalanced gut 
microbiome [1, 2]. Overall, susceptibility to having CD is thought to be due to a 
combination of genetic and environmental factors as shown in Figure 2.
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3.1 Genetic factor

In the heritability of CD, there is a relevant role between the incidence and 
HLA haplotypes class II heterodimers, specifically DQ2 and DQ8 by ~25–40% of 
the genetic risk. Lindfors et al. reported that class II is histocompatibility complex 
molecules stated on the antigen-presenting cells (APCs) surface; they consist of an 
α-chain and a β-chain encoded by specific variants of the HLA-DQA1 and HLA-
DQB1 genes, respectively [2]. HLA-DQ2 is encoded by the HLADQA1*05:01 and 
HLADQB1*02:01 (also called HLA-DQ2.5) alleles, whereas HLA-DQ8 is encoded 
by the HLADQA1*03 and HLADQB1*03:02 alleles [2]. Most CD patients (around 
90%) have positive-HLA-DQ2 and the rest of them carry HLA-DQ8 [2]. HLA-DQ2 
homozygosis form a higher risk of the early appearance of the disease in the chil-
dren within the first relatives [1] and the average prevalence of CD among the first 
degree is more than the general population. It’s important to mention that HLADQ2 
and HLA-DQ8 are common among the general peoples (25–35%), and only 3% 
of this HLA compatible person have CD [1]. Most studies reported that the other 
HLA-DQ variants form a fairly modest risk effect (~15%) on CD because they are 
infrequently associated with this condition [1, 2, 12].

3.2 Environmental factor

Pro-autoimmune genetic background, viral infections not only the factors 
that could lead to the incident of CD [1–3, 12]. Ingestion gluten protein and early 
termination feeding practices are considered viral in CD development, autoim-
munity, and then damage the mucosal tissue [1–3, 12]. Gluten is the storage protein 
in wheat that gives the dough viscoelastic properties [2]. Gluten is composed of 
alcohol-soluble constituents (gliadins) that consist of α-gliadins, γ-gliadinsand 
ω-gliadins, whereas the alcohol-insoluble glutenin consists of high-molecular-mass 
and low-molecular-mass glutenins [2]. Both segments (Gliadins and glutenins) 
are high in proline and glutamine amino acids which are resistant to proteolytic 
processing by gastric and pancreatic enzymes as well as mammalian small intestinal 
brush-border membrane enzymes [2]. Gluten is called CD trigger; it is a harmful 
dietary factor for CD patients, but to date, it is not clear why not all peoples who 
are genetically predisposed have CD and why some cases are diagnosed later in life 
[12]. The prevalence of CD is higher among the population that is characterized 
by higher consumption of wheat [12]. The recent epidemiological studies show the 
difference in the prevalence based on the region [12]. The effect of the environ-
mental factor still varies among the studies. For example, three systematic reviews 

Figure 2. 
Risk factors required for celiac disease development.



145

Celiac Disease
DOI: http://dx.doi.org/10.5772/intechopen.97834

and meta-analysis [15–17] reported that is no association between timing of gluten 
introduction and CD and the age of the patient, whereas other studies reported 
conflicting data [18, 19]. Incomplete digestion of the gluten in the human gut led to 
producing the gluten peptide that accesses the lamina propria through the epithe-
lial barrier via the transcellular or paracellular route. Among CD patients, gluten 
peptides activate both adaptive and innate immune responses [1, 2]. Small intestinal 
mucosal gluten specific CD4+ T cell is an immune response in CD patients in addi-
tion to producing antibodies towards wheat gliadin and the enzyme TG2 (encoded 
by TGM2). The amino acids that available in the gluten peptide at key positions are 
selectively deamidated by TG2 [2].

3.3 Feeding practice

Numerous studies indicated that CD is associated with feeding practice, time of 
gluten introduction to the infant (age of gluten intake) and the infant diet type [1–3, 
6, 12]. Consuming gluten-containing food in the first three months of the infant 
age is significantly associated with CD autoantibodies development compared with 
the latest months [2, 12, 20]. On the other hand, recent meta-analyses reported 
that there is no association between CD and breastfeeding [15]. Regards the time of 
the gluten intake, large prospective studies show that no association between CD 
and gluten introduction time among the high-risk populations [17, 18]. One study 
reported that high gluten doses in the infancy stage associated with CD [19]. The 
results still contradictory in this regard and more research is required.

3.4 Infection

An increased risk of CD has been linked to repeated rotavirus infection in a 
previous longitudinal prospective study [21]. Therefore, a recently study reported 
that rotavirus vaccination could have a protective effect on developing CD [22]. 
Furthermore, early childhood infections with enterovirus A and B, especially those 
with a high titer and a long duration, were linked to later CD, while adenovirus 
infections were not. Surprisingly [3, 23]. The prevalence of acute respiratory infec-
tions seems to be a factor as well [3, 23].

3.5 Microorganisms

CD is like all autoimmune diseases, reducing the risk of microorganisms, 
decrease exposure to various microorganisms and increase the hygiene aspects 
which could be related to reducing the autoimmune disorders [1, 2, 12]. Many 
studies supported the abundance of specific bacterial types with CD patients such 
as Clostridium, Prevotella and Actinomyces and specific microbial virulence genes 
such as viruses, including rotavirus and reovirus [2, 12]. In addition, a recent study 
reported that infants who carrying a high-risk genotype characterized by a low 
number of Bifidobacterium; B. longus [24]. The presence of these microorganisms 
and changing their function lead to an increase the autoimmune and inflamma-
tory diseases [12]. Therefore, a number of recent studies supported the role of 
these microorganisms in CD development as a secondary cause with remains the 
direct cause proved [2, 12]. On the other hand, some studies suggested that some 
microorganism such as Helicobacter pylori or cytomegalovirus) may delay CD 
development, but the mechanism still unknown [2]. Some epidemiological studies 
focused on modulating the intestinal microbiota but still, the evidence is limited 
[25]. Furthermore, smoking is another environmental factor that mentions in some 
old studies. Snook et al. mentioned that the prevalence of CD was higher among 
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smokers [26]. Lower economic status as well as and it is worthy to mention under 
the risk factors of CD because it is the inferior hygienic environment [27]. Overall, 
explaining the development of CD requires deep and accurate evidence related 
to the patient’s characteristics, genetic and environmental factors together that is 
currently not fully understood.

4. Classification of variants of CD

4.1 Potential CD

Potential CD characterized by positive antibody (IgA EmA and anti-tTG) 
for CD with HLA-DQ2/HLA-DQ8, positive genetic markers, a normal intestinal 
mucosa, and few inflammation signs [28]. The intestinal mucosa in the potential 
CD is normal or inflamed slightly due to an increase in Els number [29]. Patients 
with potential CD could be asymptomatic or they may have extraintestinal symp-
toms [29]. Most children (80%) who suffer from the potential CD are asymptom-
atic and the other 20% have intestinal symptoms and extraintestinal signs such as 
delay in the anthropometrics [30, 31]. In CD adults, the symptomatic phenotype is 
common than in children and mostly extraintestinal symptoms [30–32]. Regarding 
the treatment, the current studies suggested that symptomatic potential patients 
only should follow GFD [30–32] . However, only a small percentage of patients with 
potential CD stick to the GFD and they suffer from villous atrophy [29, 30, 32]. The 
villous atrophy in the CD cases happen normally due to many causes as shown in 
Figure 3, but the restricted GFD reduce the probability of most causes and conse-
quently reduce the small intestinal villi damage [33, 34].

4.2 Seronegative CD

A CD genetic test is also important because a negative outcome definitively 
rules out the disorder and leads doctors to look for other causes of villous atrophy. 
Morphology of the intestinal mucosal and serology testing is the basics tool for CD 
diagnosis [1]. The endoscopy is performed after the serological tests that including 
EmAs TG2-Ab assays [2]. The serological tests are very accurate and sensitive, its 
sensitivity arrived at (90–100%) and 100% specificity for coeliac CD [35]. EmA 

Figure 3. 
Causes of small intestinal villous atrophy.
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testing has long been considered the gold-standard tool for detecting the autoanti-
bodies of CD [2]. On the other hand, the serological tests are considered a subjec-
tive test, indirect immunofluorescence, expensive and low throughput. Whereas 
the operator-independent enzyme is more common and operated on automated 
instruments by linking the immunosorbent assay (ELISA) and radio binding assay 
for TG2-Abs. the last method depends on the TG2 antigen quality, this means some 
of these tests could reveal negative and false-positive results negative and false-
positive results. However, low TG2-Ab may be associated with other autoimmune 
diseases such as infectious disease and DMT1 [36]. Furthermore, approximately 
10% of CD patients are seronegative, meaning they are undetectable by any of 
the existing serological methods [37]. After one year of GFD adherence, patients 
performed seronegative which assure improvement in the disease symptoms and 
the histology, because the diagnosis in the seronegative case depends on detection 
of small intestinal mucosa injury [37].

5. Diagnosis and screening of celiac disease (CD)

Currently, the clinically diagnosed cases are reported the epidemiological 
studies, but most research reported that there are heavily underestimated cases 
in every country [2]. In the high knowledge countries, the prevalence of CD is 
closer to the real estimation, whereas the other country still has the submerged CD 
iceberg. Working on increasing the diagnostic rate of CD is still a point of conten-
tion [3, 38, 39]. The current findings reported that there is growth in CD diagnosis. 
Mucosal changes detected by duodenal biopsy and serological test positivity 
(antitTG antibodies, anti-endomysium antibodies (EmA), and deamidated gliadin 
peptide (DGP) antibodies) are the gold standard, according to the most recently 
updated data. Intestinal biopsy is a critical assistant to assure a correct diagnosis 
because there is no antibody test that can provide perfect accuracy of sensitiv-
ity and specificity [1]. Commonly, the Pediatrics skipped the duodenal biopsy if 
they have high anti-tTG antibodies, positive EmA, HLA-DQ2/HLA-DQ8 and CD 
symptoms CD based on the recent recommendations of the European Society 
for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) [1, 40]. 
However, not all the world countries followed ESPGHAN recommendations such 
as the USA due to weakness in anti-tTG assays [41]. Despite this, duodenal biopsy 
remains an important part of the diagnosis of adult patients with suspected CD. 
The common clinical signs and symptoms of CD have evolved from childhood 
malabsorption symptoms to milder multi-organ manifestations that can occur in 
both childhood and adulthood [2, 12]. Loose stools, stomach pain, and flatulence 
are the most common signs, although in certain instances, no gastrointestinal 
disorders could be discovered [2]. In addition, there are some common clinical 
symptoms among CD patients. For instant, 10% of CD adults have Dermatitis 
herpetiformis and the iron deficiency anemia is also common [2, 8, 12, 42, 43]. 
Moreover, CD could be asymptomatic in specific cases for those who are screen-
ing with the high-risk group such as first-degree relative CD, DMT1 and down 
syndrome [2, 41, 42]. The current gold standard of care stated that four out of 
five of the following conditions are sufficient to diagnose CD [1, 45]: observe the 
typical signs and symptoms which include diarrhea and malabsorption; positive 
antibody test; positive HLA-DQ2 and/or HLA-DQ8, villous atrophy and damage 
in the intestine and clinical improvement resulted from following GFD. Most of 
these rules are used by the physicians to identify the other CD forms. Absence of 
intestinal damage point guides them to the potential CD, absence of the antibody 



Inflammation in the 21st Century

148

positivity guids them to the seronegative CD, absence of the typical signs and 
symptoms guide them to a non-classic CD while absence of the response to GFD 
guide them to non-responsive CD [1].

5.1 Hematologic and blood biochemistry tests

CD could be suspectable by routine blood tests [46]. Low albumin, hemoglo-
bin and micronutrients such as potassium, calcium, vitamin D and magnesium 
are associated with classical CD. Concerning iron and ferritin values, low ferritin 
and microcytic anemia values are very common among CD patients. Dimorphic 
anemia, macrocytic and non-macrocytic is not popular among patients with 
CD [47]. Numerous micronutrients deficiency was detected among CD that 
leads to important symptoms and diseases such as vitamin D3 deficiency that 
causes osteopenia and osteoporosis [48]. Even in the absence of other relevant 
symptoms, a cryptogenic increase in transaminases may signal the onset of CD. 
Transaminases return to normal range within 6–12 months after following a 
GFD [49]. Among the adults, Corazza et al. reported that the blood smear has 
the ability to identify changes in the membrane and cytoplasm of red blood cells, 
whereas, Nomarski phase contrast microscopy could detect the pitted red cells 
[50]. However, autoimmune diseases and their complications such as refractory 
CD, ulcerative jejunoileitis, and lymphoma are associated with macroscopically 
apparent or even functional hyposplenism, which is a predisposing factor for 
the development of infectious diseases caused by encapsulated bacteria such as 
Meningococcus and Pneumococcus [51].

5.2 Serology tests

A CD genetic test is also important because a negative outcome definitively 
rules out the disorder and leads doctors to look for other causes of villous atrophy 
[1]. Morphology of the intestinal mucosal and serology testing is the basics tool 
for CD diagnosis [1]. The endoscopy is performed after the serological tests that 
including EmAs TG2-Ab assays [2]. The serological tests are very accurate and 
sensitive, its sensitivity arrived at (90–100%) and 100% specificity for coeliac 
CD [35]. EmA testing has long been considered the gold-standard tool for 
detecting the autoantibodies of CD [2]. On the other hand, the serological tests 
are considered a subjective test, indirect immunofluorescence, expensive and 
low throughput. Whereas the operator-independent enzyme is more common 
and operated on automated instruments by linking the immunosorbent assay 
(ELISA) and radio binding assay for TG2-Abs. the last method depends on the 
TG2 antigen quality, this means some of these tests could reveal negative and 
false-positive results negative and false-positive results. However, low TG2-Ab 
may be associated with other autoimmune diseases such as infectious disease and 
DMT1 [36]. Furthermore, approximately 10% of CD patients are seronegative, 
meaning they are undetectable by any of the existing serological methods [37]. 
After one year of GFD adherence, patients performed seronegative which assure 
improvement in the disease symptoms and the histology, because the diagno-
sis in the seronegative case depends on detection of small intestinal mucosa 
injury [37].

The diagnosis of CD is not simple as its overlaps with different conditions of 
villous atrophy such as Giardia lamblia (parasitic infections), Crohn’s disease, 
autoimmune enteropathy, immunodeficiency, HIV enteropathy, tropical sprue, and 
Whipple disease [1, 52, 53]. However, CD patients with seronegative are associ-
ated more with autoimmune diseases compared with classical CD patients. This 
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association the morbidity due to the late diagnosis of a specific condition [52]. 
Deamidated Gliadin Peptide (DGP) antibodies test is the recent test that suggested 
in the CD diagnosis for cases the not detected by the EmA and TG2-Ab tests, but 
this method is not popular in the clinical practice [54]. In addition, number of 
commercial point-of-care rapid tests are available currently. For anti-DGPs and 
TG2-Abs detection [55]. Although there is little data on the performance of rapid 
tests, they provide immediate results in a primary care setting and may be useful in 
resource-constrained settings [55].

5.3 Duodenal biopsy

The duodenal biopsy still a cornerstone in the Morphological evaluation in 
CD confirmation and Histology still the gold standard choice of CD diagnosis 
[52]. With the addition of mild villous atrophy and minimal lesions as potential 
expressions of gluten-related intestinal injury, the histological requirements for 
CD have drastically modified [56]. Currently, four biopsies on the second duode-
nal portion are recommended and additional two biopsies at the bulb [57]. Based 
on Marsh classification (modified by Oberhüber), the different types of lesions 
of the intestinal mucosa are classified into five stages. This classification is used 
as a reference for CD diagnosis in all CD centres [58]. Lesion’s types one and two 
described high IELs (with or without crypt hyperplasia) and standard villi. The 
potential CD is characterized by minimal intestinal lesions and positive anti-tTG 
and EmA. Moreover, this case (minimal intestinal lesions) is consistent with other 
causes such as allergies of some types of food as cow milk proteins, Crohn’s dis-
ease, lymphocytic colitis. In lymphocytic enteritis, IEL cytometric pattern is more 
precise than subepithelial deposits of anti-TG2 IgA for CD diagnosis [59]. For CD 
patients, the recent evidence approved that the normal cut-off of IEL is ≥25 lym-
phocytes over 100 epithelial cells. The typical lesion (type 3) of CD demonstrates 
villous atrophy with a change in the villi-to-crypt ratio and an increase in IEL. 
Type three lesions are divided into three subdivided based on the severity of the 
atrophy as following: 3a means mild atrophy, 3b means partial atrophy, 3c means 
subtotal atrophy [58]. The diagnostic algorithm for CD diagnosis was illustrated 
by [1] in Figures 4 and 5.

Figure 4. 
The diagnostic algorithm for celiac disease diagnosis. Figure source [1].



Inflammation in the 21st Century

150

6. Complications and consequences of CD

Most evidence suggests that having a late diagnosis of CD and/or not adhering 
to a strict GFD increase the mortality rate than the general population [60]. The 
most common complications of CD among elderly patients include Hyposplenism, 
Refractory CD, Hyposplenism and ulcerative jejunoileitis [1]. Around 30% of the 
CD adults have hyposplenism and it is associated with bacterial infections and 
other autoimmune diseases [61]. The refractory CD is associated with malabsorp-
tion, BMI reduction and diarrhea but it is from a small percentage of the CD cases 
(around 1–1.5%). Refractory CD is classified into two categories (type 1 and type 
2). However, both categories are depending on the symptoms, improvement level 
and the CD patients response after following GFD [62]. Commonly the diagnosis of 
refractory CD takes place after one year of GFD by the negative serology tests [62].

Furthermore, the CD is correlated with malabsorption which resulted from 
villous atrophy [2]. Nutrition malabsorption leads to multiple deficiencies in the 
macronutrients such as the calories and micronutrients such as the vitamins and the 
minerals deficiencies [63, 64]. Following the GFD, on the other hand, was linked 
to adverse effects such as improvements in food delivery, insufficient fortifica-
tion of gluten-free foods items, and individual dietary habits. The most common 
nutritional consequences of CD include Iron deficiency, Vitamin B12 deficiency, 
Vitamin D & calcium deficiencies, Folic acid deficiency, micronutrient and mineral 
deficiencies [63, 64]. All these nutrients deficiencies are linked with the traditional 
symptoms as diarrhea and BMI fluctuation [2]. Few studies have been assessed the 
nutritional value of the GFD, but most studies concluded that GFD has an imbal-
ance of nutrients and could be associated with vitamins and minerals deficiencies 
such as calcium and vitamin and non-starch polysaccharides [2, 63, 64]. Therefore, 
the ideal treatment contains balanced GFD and the nutrients deficiencies should be 
diagnosed and treated by dietary supplement intake [63, 64].

Figure 5. 
The diagnostic algorithm for seronegative villous atrophy. Figure source [1].
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7. Celiac disease (CD) prevention and management

7.1 Prevention

Inconsistent results were published regarding the prevention intervention for 
CD. The old study suggested starting early feeding wheat during breastfeeding 
to the infant [65]. In contrast, other intervention and cohort studies concluded 
that early wheat feeding practice did not prevent CD [3, 17]. Moreover, a number 
of systematic reviews and meta-analyses were approved that the infant practice 
such as duration of the breastfeeding not associated with CD prevention [15, 66]. 
Another Swedish cohort data reported that increasing the gluten consumption 
above five grams daily during the first two years is associated with an increase in 
the risk of CD among the study population [67]. From another side of view, some 
studies link intestinal infection and increase the CD risk factor [27, 68]. Therefore, 
the association between CD prevention effect and the environmental practice 
still needs further evaluation. Overall, the primary strategies of CD are the early 
and the correct diagnosis by screening diagnosis or by case finding [2]. Whereas 
secondary prevention reducing the symptom and the complications by following 
the recommended treatment [3, 17].

7.2 CD management

To date, the only effective treatment for CD is consuming gluten-free food 
such as fruit, vegetables, legumes, and gluten-free cereals. According to Codex 
Alimentarius (Codex Standard 118-1979) the recommended amount of gluten for 
CD patients does not exceed 20 mg/kg of gluten [69]. The researchers now are 
trying to improve the quality of gluten-free products by developing new analysis 
methods for gluten detection [3]. The safety of the gluten-free diet is an important 
aspect for CD patients because the contaminated products could have an illegal 
amount of gluten. In addition, the tolerable level varies among the CD patients.

The compliance rate of CD patients to the GFD is very poor. In general, children 
have more adherence to the GFD than adults because they are diagnosed in early 
childhood [3]. Patients compliance is affected by the age, gender, socioeconomic 
status of the patients [70]. Many studies were conducted on the CD patients com-
pliance to the GFD to improve adherence [70–73]. However, some of these studies 
result was based on the symptoms diagnosis after following GFD and other studies 
used Anti-TG2 serology test to check the compliance rate. In general, the antibody 
titers decrease gradually after following a strict GFD, sometimes it takes a longer 
time in the case if it was high at diagnosis [70]. However, the best test is performing 
duodenal biopsies to check the compliance and the adherence of the CD patients. 
Comino et al. reported that detection of the gluten immunogenic peptides (GIP) in 
patient’s feces urine was used as a biomarker for the patients gluten intake and con-
sequently to the GFD adherence [74]. However, the last method is non-invasive as 
duodenal biopsies and it is relatively simple but it has weakness point in the relation 
of the antibody levels and with the dietary assessment questionnaires [74].

Following GFD is the only treatment to date and efficacious for most patients 
but following strict GFD is not easy. On the other hand, Most CD patients prefer 
any non-dietary treatments like vaccination, supplements, or medications [75].

Therefore, studies are making a great effort to find alternative treatments for CD 
patients [12]. A number of studies reported the availability of proteolytic enzymes 
(glutenases) of microbial or plant origins that could degrade gluten proteins quickly 
in similar conditions to the human stomach (low pH). These glutenases enzymes are 
promising drugs to eliminate the immunogenic capacity of dietary gluten due to their 
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effectiveness in cleaving proline-and glutamine-rich gluten sequences [76–78]. Vitro 
and pre-clinical studies indicated that the glutenase leads to reduce the number of 
gluten epitopes in wheat-containing food [76–78]. Bethune believes that using glu-
tenases as an oral enzymatic therapy for CD is a good idea [79]. These enzymes can 
be produced by the germination of wheat and it could be used to eliminate residual 
gluten from the food, but it is not enough to use as oral supplements [80]. Alternative 
treatment for CD patients is still being researched in vitro and in vivo, either as an 
add-on therapy to the GFD, as a rescue therapy after accidental gluten exposure, or as 
a substitute for the GFD [3].

8. Gluten-free diet (GFD)

The recommended and the documented treatment for CD patients, to date, is 
lifelong strict adherence to GFD [3, 8, 9, 44, 81–83]. Catassi et al. revealed that 
consuming 50 mg of gluten for three months could destroy the small intestine 
[84]. However, there is no documented recommended dose for the threshold dose 
for CD especially for the children [12]. While good adherence to the GFD leads 
to better intestinal healing and consequently improves the symptoms compared 
with patients who consumed gluten-contaminated food [12]. Using GFD led to 
avoid the gluten peptide sources located in the wheat, rye, barley and all cross-
breeds of these cereals [85]. Wheat varieties such as kamut, einkorn, spelt also 
should be avoided because it is derived from wheat and many cereals are still in 
debate because it is contaminated by the wheat as oat [12]. However, wheat is the 
main component of the main food items such as bread and pasta. In addition, 
it is used in food processing as a thickening and stabilizing agent. Therefore, it 
exists in many food products. Following GFD leads to improve the symptoms 
which are considered as the first key sign of GFD adherence [86]. In addition, 
the small intestinal histology assessment and the inflammation tests, serology 
tests and dietary history assessment are the clinical checkpoints that are used 
to confirm the GFD adherence [87]. However, patients who are following GFD 
notes improvements in all the previous symptoms. Furthermore, some studies 
reported that following restricted GFD among CD patients is associated positively 
with the intelligence and education level [88]. In contrast, untreated patients 
and poor adherence to the GFD could lead to intestinal mucosa destruction and 
consequently suffer from nutrients deficiencies such as iron-deficiency anemia, 
malnutrition, malabsorption such as calcium and vitamin D, bone disorders [64]. 
Improvement the symptoms, malabsorption adjustment and health status recov-
ery could be observed gradually after following GFD [89]. On the other hand, 
following GFD is a common trend worldwide as some peoples consider omitting 
wheat from the diet to support the health status [90]. Furthermore, patients with 
gluten intolerance that caused or Non-celiac gluten sensitivity follow GFD without 
proof of CD [91].

WHO codex [92] FDA define the gluten-free term in (2013) that food contains 
<20 parts per million (ppm) of gluten which equivalent to 20 mg of gluten per kg of 
food [12]. The starch of gluten contains little amounts of residual gluten, therefore, 
most factories nowadays are trying to purify the starch based on the standard to 
meet the Codex requirements in the US [12]. In other countries such as Australia 
and New Zealand, the guidelines are different. The rule is zero gluten in gluten-free 
food [12]. Currently, the most common analysis method to measuring the gluten in 
the food is R5 ELISA (Mendez) [93]. Despite the current use of this assay, it is not 
accurate to detect the contaminated product such as the oats and the barely as they 



153

Celiac Disease
DOI: http://dx.doi.org/10.5772/intechopen.97834

contain different -molecular-weight peptides unlike that found in the wheat [94]. 
Therefore, improve more accurate analysis methods to detect the gluten in the food 
is still under enhancement [12].

Overall, following GFD is the ideal treatment for CD patients, but this diet 
includes a number of considerations as it contains a high amount of carbohydrates 
and a lower amount of fibers compared to the normal diet [12]. The ideal GFD 
should include balanced nutrients besides deity supplements if needed in the case 
of the nutrients deficiencies [63, 64]. The nutrient recommendations (based on age 
and gender) revealed that the carbohydrates should cover 55% of total calories with 
adequate dietary fiber (20–35 g daily). Around 25–30% or less of the total caloric 
should come from the monounsaturated and polyunsaturated fatty acids. In addi-
tion, five servings of fruit or vegetables daily at least are also recommended [63, 64].

9. Follow-up CD patients

Consult a dietitian is strongly recommended for CD patients after confirming 
the diagnosis [63, 64]. The dietitian can help the patient how to balance the GFD 
to improve the symptoms through six main principles that have been recom-
mended for CD patients by NIH guidelines [95]. As well as follow of the CD 
patients is very important to confirm the patent’s adherence to GFD and to check 
the consequences and the complications [2]. Analysis of the serum antibodies 
used to detect the GFD although other tests such as serological testing are also 
recommended [2]. The only reliable tool now is repeating the biopsy during the 
GFD but it is challenging [96].

10. Conclusions

Based on the most recent research, the prevalence of CD is increasing over time 
CD and it is starting to become emerge in some countries such as Africa and Asia. 
Many factors were suggested by a large number of studies that include mainly; 
Genetic predisposition, exposure to gluten, loss of intestinal barrier function, a pro-
inflammatory innate immune response triggered by gluten; inappropriate adaptive 
immune response is the main reason for CD. The imbalanced gut microbiome has 
an indirect cause that could enhance disease development. Economic status and 
smoking are considered as other risk factors that could be related to CD. To date, 
there is still a gap in the scientific evidence regards the relationship between all the 
suggested factors that could lead to the CD. Therefore, more data should be col-
lected to estimate the prevalence of CD in the world. In addition, further research 
is needed to identify the factors that influence the progression of CD autoimmunity 
to mucosal damage, as well as the biomarkers that predict this progression, so that 
preventive measures and non-dietary treatments can be developed. Following GFD 
is the effective treatment until now. Raise awareness level of CD regards the early 
diagnostic, effective diet, and other related issues are the most appropriate policy to 
be implemented to improve the diagnostic rate of CD.

11. Recommendations

• Biopsy remains the main and the essential tool for CD diagnosis and the  
serology cannot substitute for biopsy in the diagnosis of adult CD.
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• When a patient is on a GFD, a duodenal biopsy is needed, as well as positive 
serology in the vast majority of adult patients.

• Patients should adhere to a GFD and have an intake of less than 10 mg 
gluten per day and the aim of the follow-up is to ensure strict adherence to 
the GFD.

• At the time of diagnosis, patients may begin eating gluten-free oats.

• In patients with CD, a GFD is advised to reduce the risk of adverse foetal 
outcome and lymphoma.

• When adherence is challenged, patients with CD should be followed up by a 
dietitian and/or clinician with an experience or expertise in this area.

• Patients with symptoms should be evaluated more closely than those with no 
symptoms.

• Patients should be encouraged to join their local coeliac support group as soon 
as they are diagnosed.

• Duodenal biopsy should be considered in people who have an upper endoscopy 
and have laboratory tests, signs, or endoscopic features that indicate CD.

• To rule out CD, HLA typing should be used. A positive DQ2.5 or DQ8 result 
will never be enough to validate the diagnosis.

• Individuals who are self-treating on a GFD who have never had adequate CD 
testing before changing their diet can use HLA typing.

• In high-risk individuals with CD, such as first-degree kin, HLA typing may be 
used to rule out CD and reduce potential testing.

• The diagnosis of CD requires duodenal biopsy when the patient is on a 
gluten-containing diet and for the vast majority of adult patients also positive 
serology.

• Duodenal biopsy should be retained as the mainstay for the diagnosis of adult 
CD and cannot be replaced by serology.

• If CD is suspected during endoscopy, at least four biopsy specimens, including 
a duodenal bulb biopsy, should be collected.

• A duodenal biopsy should be considered in serologically negative patients who 
exhibit symptoms of malabsorption (such as anemia or diarrhea) or have a 
family history of CD.

• Follow-up biopsies may be considered in patients with CD and are potentially 
helpful in identifying patients at increased risk of lymphoma.

• Follow-up biopsies are not mandatory if the patient with CD is asymptom-
atic on a GFD and has no other features that suggest an increased risk of 
complications.
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• Follow-up biopsies should be undertaken in patients with CD whose condition 
does not respond to a GFD.

• Although there is insufficient evidence to suggest community screening for 
CD, according to National Institute for Health and Care Excellence recommen-
dations, there should be a low threshold for case finding in clinical practice.

• CD tests should be done on symptomatic first-degree relatives of CD patients.

• Patients that have additional risk factors for osteoporosis or who are over the 
age of 55 should have a Pneumococcus vaccine.

• Bone density should be assessed after 1 year of diet in patients that have 
additional risk factors for osteoporosis or who are over the age of 55.

• Adult patients with CD should have a calcium intake of at least 1000 mg 
per day.

• Patients can have annual hematological and biochemical profiles, and a GFD is 
the mainstay of CD patients’ osteoporosis prevention plan.
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Chapter 11

Sialoendoscopy in Juvenile 
Recurrent Parotitis That Could 
Be Primary Pediatric Sjogren’s 
Syndrome
Brigida Iorio, Roberto De Luca, Gianpaolo Tartaro  
and Giuseppe Colella

Abstract

Parotid swelling often is encountered in the pediatric population, essentially 
acute and self-limiting, which usually represents viral or bacterial infections. Less 
common etiologies include juvenile recurrent parotitis (JRP) or pneumoparotid or 
anatomic abnormalities. Sjögren’s syndrome is common in JRP (40% almost). Levels 
of suspicion for an autoimmune disorder should be maintained for children affected 
by JRP, particulary in bilateral glands involvement in order to optimize diagnoses and 
facilitate treatment. Cytological examination of saliva, which is normally in children 
is acellular, shows granulocytes, lymphocytes, and in some cases 50% of bacteria. 
Sialoendoscopy typically shows whitish ductal walls and the presence of stenosis 
without evidence of solid obstructions and/or mucous membranes. Sialoendoscopic 
treatment can improve symptoms thanks to local anti-inflammatory therapy and 
sialoendoscopic washing.

Keywords: juvenile recurrent parotitis (JRP), Sjögren’s syndrome (SS), 
sialoendoscopy, pediatric parotitis, sialoadenitis

1. Introduction

Juvenile recurrent parotitis (JRP) was firstly described by Rose in 1953 [1]. The 
prevalence of JRP in children is 10 times lower than in adults, yet it is the second 
leading cause of inflammatory salivary gland disease in children after mumps, and 
the differential diagnosis between them is difficult in young children [2].

JRP is defined when a minimum of 2 and maximum of 30 episodes per year of 
painful parotid inflammation occur, usually associated with fever, swelling, and 
erythema of the overlying skin gland [3, 4].

Sjögren’s syndrome (SS) is an idiopathic systemic autoimmune disease affect-
ing exocrine glands with classic symptom complex of dry eyes (xerophthalmia) 
and dry mouth (xerostomia). Extraglandular involvement in SS may affect many 
systems such as renal, central nervous system, and vascular and hematological ones. 
Primary SS (pSS) occurs with a prevalence of 0.1-0.4% in the Caucasian popula-
tion with a female predominance in the fourth and fifth decades. Conversely, in 
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childhood and early adulthood SS is an extremely rare autoimmune condition (only 
147 cases described in literature) [5, 6].

We hypothesized a higher prevalence of pSS in our young patients and 
we adopted a protocol with clinical, laboratory, and endoscopic examination. 
Sialoendoscopy has gained an increasing role in both diagnosis and treatment of 
JRP in a pediatric age. After its introduction in 1991 for the treatment of salivary 
disorders in adults, sialoendoscopy has also been validated as a safe technique in JRP 
treatment by Nahieli and Marchal [2, 7].

2. Clinical findings

2.1 JRP

JRP clinical symptoms include intermittent, usually unilateral swelling of the 
parotid gland, which occurs suddenly (over minutes or hours) and may persist for 
days or weeks [8]. The first episode typically occurs in scholar age, between 3 and 
6 years, more often in males [9].

The etiopathology of JRP remains obscure; many factors have been suggested for 
the development of JRP including retrograde infection of the duct, viral or bacterial 
infection, autoimmune disease [10], disrupted enzyme activity [11], dental occlu-
sion disorders [8, 12, 13], hypogammaglobulinemia, immunoglobulin A deficiency, 
and immunoglobulin G3 deficiency [14, 15]. These theories subtend a phagocyte 
dysfunction and humoral immunodeficiency. Another hypothesis considers JRP 
as mucosa-associated lymphoid tissue disorder, hyperplastic cells surrounding the 
ducts in a manner similar to chronic inflammatory disorders. The recurrent non-
suppurative ductal inflammation in JRP leads to a squamous ductal metaplasia, 
progressive parotid atrophy, and insufficient salivary outflow throughout the ductal 
system [16].

Histologically, there are intraductal cystic dilatations of peripheral ducts with 
periductal lymphocytic infiltration, called sialectasis [2]. The ecstatic ducts are usu-
ally 1–2 mm in diameter and typically have a white appearance of the ductal layer 
without the healthy blood vessel coverage, when compared with a normal gland [9]. 
This aspect is believed to be the characteristic of JRP.

The diagnosis is based on the clinical history, and clinical examination shows 
parotidomegaly with or without mucopurulent salivary secretion from the Stensen’s 
duct with papilla hyperemia. Diagnosis is confirmed by ultrasound and sialog-
raphy [17, 18]. Some studies also describe the use of magnetic resonance (MR), 
MR-sialography, characterized by T1-weighted hypointensity and T2-weighted 
hyperintensity; MR and MR-sialography, and CT and sialo-CT are reserved for 
special cases in which expansionary diseases may be suspected [19].

Thanks to reproducible, safe, and economic rule salivary gland ultrasonography 
in the most used imaging, especially in childrens. Choi [20], Blatt [21], and Xie [17] 
proposed classification on sialographic images: Glandular homogeneity and the 
presence of hypoechogenic areas were evaluated and graded (range 0–3).

Grades 0–1 were considered to correspond to normal/nonspecific changes and 
grades 2–3 to correspond to pathologic changes.

Treatments in acute are based on antibiotics and anti-inflammatory cortico-
steroid therapy; rule of low-dose preventive corticosteroid was not confirmed. 
Chronic management intercurrent periods are based on massage, warmth, chewing 
gum use, and sialogogues. Sialography reduces frequency of acute episodes but 
also sialoendoscopy is useful in diagnostic and treatment of JRP. Many authors 
underline a reduction of episodes [2, 22, 23]. In summary, JRP is a clinical condition 
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characterized by parotid gland recurrent episodes of pain and swelling, usually 
accompanied by fever and malaise determined by inflammation. This condition 
affects infants and children between 3 and 6 years old, with a clear preference for the 
male, and usually disappears at puberty. It is associated with not obstructive parotid 
gland sialectasis. Although the affected gland demonstrates distal duct sialectasis, 
it seems there is evidence of obstruction in most cases. Symptoms are generally 
unilateral, when bilaterals are always marked on one side. The number of occur-
rences individually varies but is more commonly repeated every 3–4 months. Some 
recent studies (Houghton et al.) suggest that some symptoms, including recurrent 
conjunctivitis and mumps, if added to the diagnostic criteria encoded by AECG 
greatly increase the sensitivity of the latter in the diagnosis of pSS in the child. In the 
pSS population, misclassification is especially problematic at disease onset and early 
in disease course, when classic symptoms and signs are often not manifested [24].

2.2 Juvenile Sjögren’s syndrome

Juvenile Sjögren’s syndrome is extremely rare; the average presentation time 
is around 10 years and affects 77% of girls. Juvenile Sjögren’s syndrome begins 
with major salivary gland swelling but can involve in 50% of patient many organ 
systems with neurologic, dermatologic, musculoskeletal, vascular, gastrointestinal, 
respiratory manifestations. There are no criteria for Juvenile Sjögren’s syndrome and 
the use of adult criteria has not been validated. Recently, ultrasound criteria were 
developed compared with promising results both with salivary gland biopsy and 
with seroprevalence of antibodies anti-Ro/SSA and anti-La/SSB. Homogenity and 
the presence of hypoechogenic zones and cystic areas were evaluated by ultrasound 
of the parotid and submandibular glands on a scale from 0 to 3 where the degree 
0–1 corresponds to normal and degrees 2 and 3 to the pathological changes [25]. 
Primary SS is a difficult diagnosis in childhood because of different presentation of 
symptoms. There are specific laboratory findings as lymphocytic infiltration of exo-
crine glands, hypergammaglobulinemia, anti-Ro/SSA, and anti-La/SSB antibodies 
but the manifestations of oral dryness are rarer and appear later, mainly concerning 
dry and cracked lips and tongue depapillation [26].

There are several proposed sets of diagnostic criteria for adult pSS. The revised 
European Community Study Group classification criteria proposed by the American-
European consensus group (AECG) [24] have been validated for adults and include 
six items: ocular symptoms, oral symptoms, evidence of keratoconjunctivitis sicca, 
focal sialoadenitis by minor salivary gland biopsy, instrumental evidence of salivary 
gland involvement, and presence of SSA or SSB autoantibodies. In adults, the pres-
ence of four of the criteria, with the exclusion of patients who have negative auto-
antibodies or minor salivary gland biopsy, was found to have a sensitivity of 89.5% 
and specificity of 95.2%. The proposed diagnostic criteria for Sjogren’s syndrome 
in adults (formulated by the European Community Study Group and later revisited 
by the American-European Consensus Group Criteria) cannot be applied for the 
diagnosis in children because they have an unacceptably low sensitivity. Further, the 
criteria for the diagnosis of juvenile pSS suggested by Bartunkova et al. [27] were not 
validated because pediatric patients rarely have sicca syndrome or xerophthalmia at 
presentation (almost always present in the adult with pSS) and autoantibodies often 
appear late in the course of the disease but often present with parotid symptomatol-
ogy (mainly intended as swelling and pain) as evidenced by studies carried out 
by Baszis et al. and by our clinical experience. According to our opinion, levels of 
suspicion for an autoimmune disorder should be maintained for children affected 
by recurrent parotitis, particularly bilateral involvement in order to timely recognize 
this disease and to facilitate treatment and screening for complications.
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Treatment of pSS is based on anti-inflammatory and immunosuppressive drugs 
especially in patients with muscle and joint pain; salivary substitutes and choliner-
gic stimulators can be applied locally through oral dry [26].

2.3 Clinical experience

We reported our experience in the sialoendoscopic management of JRP that 
represents a valid and effective treatment.

We enrolled 16 consecutive patients aged between 5 and 17 years (mean 7.5), 
10 males and 6 females, referred to Multidisciplinary Department of Medical and 
Dental Specialities, Division of Oral and Maxillofacial Surgery (Università degli 
Studi della Campania Luigi Vanvitelli, Naples, Italy) in the last 5 years. They were 
subjected to clinical, serological, microbiological and ultrasound screening for 
excluding tumors or infectious diseases. We have therefore included children with 
remitting unilateral or bilateral swelling of the parotid region that may last from a 
few days to months; with the presence or absence of autoantibodies suggestive of 
autoimmune disease, we analyzed typical SS antibodies (SS-A, SS-B, anti-dsDNA, 
anti-Sm, anti-RNP), antinuclear antibody (ANA), rheumatoid factor (RF). 
Ultrasound images were characterized by areas of ectasia and hypoechoic spots or 
sialoendoscopic features of whitish ductal walls, ectasia, and stenosis. Seven of 16 
patients, 4 males and 3 females, with a mean age of 9.57 years, reported SS clinical 
and laboratories signs.

Exclusion criteria were the presence of viral markers, neoformations detectable 
with methods of imaging, the acclaimed presence of autoimmune disease, sarcoid-
osis, graft-versus-host disease (GVHD), past head and neck radiation, and known 
human immunodeficiency virus infection or hepatitis C infection.

Patients thus selected were diagnosed with JRP and were treated with sialoen-
doscopy (intraductal wash of saline solution and steroids) or other anti-inflamma-
tory drugs (Figures 1 and 2).

From the formulation of diagnosis, patients were subjected to careful follow-up 
checks with 6, 12, and 18 months during which they proceeded to repeat initial 
serological screening if the endoscopic or systemic therapy became ineffective.

The endoscopic-assisted procedures were performed in the ambulatory operat-
ing suite. After detection of the impaired gland, a local anesthesia with lidocaine 
2% to the orifice region and a gradual dilatation of the duct orifice were performed, 
(thanks to increasing diameter lacrimal probes from 0000 to 0 size) and also with 
a standard salivary dilator. In this way, we reached 1.3 mm diameter, matching the 
outer diameter of the sialoendoscope diagnostic unit (Erlangen Sialoendoscope—
Karl Storz). The larger (1.6 mm diameter) scopes were introduced as needed. The 
diagnostic unit 0.8 mm was introduced into the duct and was advanced forward, 
until reaching the ductal system and thanks to continuous lavage with isotonic saline 
solution. The plaques were washed out, and any structures were dilated. Mucous 
plugs and debris were removed with irrigation or with a forceps if necessary. At 
the end of the procedure, the ductal system was irrigated with a steroid- solution 
of Besamethasone, under direct vision while withdrawing the scope in order to 
treat the inflammation of the ductal epithelium (sialodochitis) and to promote the 
dilatation of ductal structures. In the post-operatory, we prescribed Rovamycine 
3000 U.I. every 12 hours for one week. The follow-up period was at least 12 months 
to 5 years. In all 16 patients, sialoendoscopic treatment was effective. We reported 
only 2 patients with a recurrence at 5 and 3 years, respectively. Seven of 16 patients 
(43,75%) presented SS features. In contrast to other cases of JRP resolution, the 
symptoms were not immediate, but an average of three sialoendoscopic treatments; 
the patients identified had the following characteristics (Table 1).
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pSS is probably underdiagnosed in childhood, as the mode of presentation can 
be large and are not rare long delays in diagnosis. And likely that some patients 
diagnosed with PSS in adulthood have experienced the onset of symptoms during 

Figure 1. 
Sialoendoscopic treatment in young patient.

Figure 2. 
Sialoendoscopic image of duct.
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childhood. In fact, the clinical presentation of pSS in childhood may differ from the 
clinical presentation in adulthood (Table 2). The cases of pediatric PSS are reported 
to have a higher incidence of recurrent parotitis and a lower incidence of xerostomia 
and xerophthalmia. We found dry eyes in four patients. Laboratory and pathologi-
cal findings in children with SS are positive antinuclear antibody (ANA) of 80% 
and autoantibodies to nuclear antigens Ro/SSA and La/SSB2 of only 70–75% [27]. 
In our experience, we have detected the presence of specific antibodies in only two 
patients.

In pediatric recurrent parotitis, laboratory evaluation and sialoendoscopy may 
be very helpful. A combination of positive ANA, RF, SS-A, and SS-B; hypergamma-
globulinemia; elevated amylase (parotid or pancreatic); elevated ESR and sug-
gestive chronic inflammatory endoscopic patterns are suspicious for SS (however, 
the presence of anti-double-stranded DNA antibodies or hypocomplementemia 
raises the concern for other systemic autoimmune disorders, such as systemic lupus 
erythematosus, SLE, or another connective tissue disease) [5].

3. Conclusion

In summary, parotitis is a frequently encountered pediatric problem. 
Although infection, recurrent juvenile parotitis, and anatomic abnormalities 
are more common etiologies, primary pediatric SS should be considered when 
encountering a patient with recurrent parotitis, especially no responsive to 
sialoendoscopic treatment. We have to consider pSS when JRP is assessed, despite 
the rareness of condition. Typical sign of sialectasis is the same in JRP and in 
pSS as ultrasonography ones. Antibodies are not in all patients: anti-Ro/SSA 29% 
seronegativity and anti-La/SSB 33%; similarly, eye dryness is present in just over 
half of patients.

These patients typically exhibit a distinctive laboratory and autoantibody profile 
and will benefit from early referral to a pediatric rheumatologist for treatment and 
monitoring for disease complications. Accurate diagnosis of pSS in the pediatric 
population is difficult. Recurrent parotitis should alert the clinician to the possibil-
ity of pSS especially if it does not respond to treatment with anti-inflammatory 
therapy and sialoendoscopic washing. The proposed pediatric criteria lack sensi-
tivity and clinical utility. Until validated diagnostic criteria are available, clinical 
acumen will prevail as the gold standard. Reid et al.’s theory of ascending infections 
from the upper respiratory tract would merit a multicenter study of prevalence in 
patients undergoing adenotonsillectomy that should slow down the frequency of 
the disease. Our intention is to verify this deduction in the near future. Prospective 
multicenter studies are needed to further characterize pSS in the pediatric 
population, and to better define and develop appropriate classification criteria. 

Adult Children

Classic symptoms: xerostomia, 
xerophthalmia, and glans swelling

Atypical symptoms: gland swelling, tongue depapillation, 
dry and cracked lips

Our experience:
Swelling 7/7100%
Dry mouth 7/7100%
Dry eyes 4/7 57,14%
SS antibodies 2/7 28,57%

Table 2. 
Presentation differences in adults and children.
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Chapter 12

Inflammation in the Pathogenesis 
of Rheumatoid Arthritis and in 
Experimental Arthritis: Evaluation 
of Combinations of Carnosic Acid 
and Extract of Rhodiola rosea L. 
with Methotrexate
Silvester Ponist, Katarina Pruzinska and Katarina Bauerova

Abstract

The host immune response generates the pro-inflammatory immune response 
as a protective measure against invading pathogens, allergens, and/or trauma. 
However, dysregulated and chronic inflammation may result in secondary dam-
age to tissues and immune pathology to the host. Rheumatoid arthritis (RA) is a 
chronic systemic autoimmune disease which primarily involves synovial inflamma-
tion, joint pain, immobility, and stiffness. Increased infiltration of inflammatory 
immune cells and fibroblast-like synoviocytes into joints, form pannus and small 
blood vessels that lead to synovium and cartilage destruction. In this chapter we will 
focus on the role of inflammatory cytokines (IL-1β, IL-6 and IL-17), chemokine 
monocyte chemotactic protein-1 and matrix metalloproteinase-9 in the patho-
genesis of experimental arthritis in animals and in human RA. Further, we will be 
discussing about methotrexate’s (cornerstone of anti-rheumatic therapy) immune 
suppressing activity, anti-inflammatory properties of carnosic acid and extract of 
Rhodiola rosea L., and their innovative combination treatments with methotrexate 
in rat adjuvant arthritis.

Keywords: arthritis, IL-1β, IL-6, IL-17, monocyte chemotactic protein-1, matrix 
metalloproteinase-9, carnosic acid, Rhodiola rosea L

1. Introduction

Inflammation is an inherent defensive mechanism against damage of tissues, 
infection and is quickly stopped in physiological state of organism. In chronic 
diseases, the inflammation continues and is able to cause substantial organ and 
tissue damage. A lot of evidence showed that pathological inflammatory response 
is closely related with different chronic diseases, particularly autoimmune ones, 
such as systemic lupus erythematosus, rheumatoid arthritis (RA), inflammatory 
bowel disease, diabetes, and gout [1–3]. Although the key feature of inflammatory 
dysregulation in many chronic diseases has been supported by plenty of studies, 
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the pathogenesis of this dysregulation in the autoimmune diseases is not well 
understood yet. Knowledge about the signaling and mechanism of regulation of 
inflammation will bring noticeable clinical benefits for the therapy of autoimmune 
disease.

In this chapter we will present our preliminary results from new original combi-
nation treatments of methotrexate with carnosic acid and with extract of Rhodiola 
rosea L and discuss about the role of IL-1β, IL-6 and IL-17, chemokine monocyte 
chemotactic protein-1 and matrix metalloproteinase-9 in the pathogenesis of 
experimental arthritis in animals and in human RA.

2. Cytokines involved in rheumatoid arthritis

To fully understand a complex disease like a RA, animal models are indispens-
able due to their ability to mimic the conditions and demonstrate the similarity 
to the human RA. Rodent models are essential for further knowledge of the 
pathogenic processes of RA in humans and therefore are important in the process 
of testing new and already existing drugs for their efficiency and safety. There 
are many animal models used for the research of RA, but each model varies in the 
similarities to the human RA. The most frequently used animal models are collagen-
induced arthritis and adjuvant-induced arthritis models. Less often are used animal 
models with proteoglycan-induced arthritis and streptococcal cell wall-induced 
arthritis [4].

The adjuvant-induced arthritis (AIA) model has been used widely for testing 
novel drugs for inflammatory arthritis and for studies of the disease pathogenesis. 
After administering an injection with complete adjuvant, it was possible to induce 
polyarthritis [5]. AA is inducible in susceptible rat strains, for example, Lewis rat 
strain, by a single subcutaneous injection of heat-killed Mycobacterium tuberculosis 
H37Ra in oil. Following the induction, the inflammation begins in 8–10 days, the 
symptoms are the most apparent on the 15th or 16th day, and then undergo sponta-
neous recovery. Autoimmune inflammation of the paws starts with the infiltration 
of mononuclear cells, mostly lymphocytes, macrophages, and monocytes [6]. The 
severity of the RA could lead to chronic malformation of affected joints, together 
with ankylosis. Adjuvant-induced arthritis exhibit similar symptoms to human RA, 
such as joint swelling, invasion of lymphocytes, and destruction of cartilage [4].

The difference between AIA in rats and human RA seems to be in the rapid onset 
of the erosive polyarthritis in the AIA model, Rheumatoid Factor is not present, the 
disease seems to have a monophasic course. There is also an involvement of axial 
skeleton seen in the model of AIA, affected gastrointestinal, genitourinary tract 
and skin, periostitis, ankylosis, and extra-articular manifestations not typical of 
RA [7]. Inflamed joints of rats with AIA contain activated T-cells. T-cells infiltrat-
ing joints originate from several compartments, such as the spleen, Peyer’s patches, 
lymph nodes, and T-cell pool that recirculates [8]. Specific antigen heat shock 
protein (Hsp65) has been shown to activate the immune response, with peptide 
180–186 being the responsible epitope [9]. The cytokines that are expressed in the 
joint during the early stages of inflammation include IL-17, IFN, and TNF-α, as well 
as cytokines implicated in macrophage stimulation. Increased levels of IL-4, IL-6, 
monocyte chemotactic protein 1 (MCP-1), and TGF-β can be observed as inflam-
mation progresses in the joint. TNF-α, IL-1β, IL-21, and IL-17 all contribute to the 
pathology of this disorder [8]. The main source of the irreversible tissue damage is 
in an area rich in macrophages, called the pannus, which is located at the junction 
of the synovium lining of the joint capsule together with the cartilage and a bone. 
Pannus cells migrate over the cartilage and into the subchondral bone, subsequently 



177

Inflammation in the Pathogenesis of Rheumatoid Arthritis and in Experimental Arthritis…
DOI: http://dx.doi.org/10.5772/intechopen.99073

causing the erosion of these tissues [10]. The activity of matrix metalloproteinases 
(MMPs) seems to be the reason for the irreversible destruction of the cartilage seen 
in RA. MMPs are enzymes produced as a response to proinflammatory cytokines as 
IL-1 and TNFα by activated macrophages and fibroblasts [11]. MMPs can be further 
divided into three main groups. Collagenase MMP-1 (interstitial) and MMP-8 
(neutrophil), whose major substrates are collagen forms I, II, and III, belong to the 
first group. The second group consists of the gelatinase/type IV collagenases such as 
MMP-2, the 72kD gelatinase A, and 92-kD gelatinase B (MMP-9). The main func-
tion of these matrix metalloproteinases from the second group is to degrade gelatin 
and collagen type IV in the basement membrane. Group 3 consists of the strome-
lysins, stromelysin 1 (MMP-3), stromelysin 2 (MMP-10), and pump-1 (MMP-7). 
These stromelysins have activity against a range spectrum of substrates, mainly 
proteoglycans, fibronectin, laminin, and some collagens [11]. During arthritis, 
especially MMP-1 and MMP-3 play an important role in the pathophysiology of the 
disease, and what is worse, the destruction of the connective tissue they cause is 
largely irreversible [12–14]. Fibroblasts from a healthy organism produce very low 
levels of both enzymes [12–14]. On the other hand, during RA and osteoarthritis 
levels of these enzymes rapidly increase in response to various stimuli [12–14]. 
Potent inducers of collagenases and stromelysins could be cytokines such as IL-1α 
and IL-1β, epidermal growth factor (EGF), platelet-derived growth factor, and 
tumor necrosis factor α. Inducers of these two enzymes could also be crystals of 
monosodium urate monohydrate, debris phagocytosis, and formulation of multinu-
cleated giant cells. In an environment of stimulated synovial fibroblast cells, which 
resembles proliferating rheumatoid synovial tissue, collagenase and stromelysin 
becomes major gene product of these synovial fibroblasts [14]. Patients with RA 
and OA also have higher levels of collagenase and stromelysin in cartilage and the 
synovial fluid, especially patients with RA [15, 16]. The level of enzymatic activity 
is increased concordantly with the severity of the disease [17]. Apart from MMPs, 
there are other enzymes synthesized by cells within cartilage and bone as well as 
infiltrating inflammatory cells. These enzymes include aspartic, serine, and cyste-
ine endopeptidases such as cathepsin B, which are capable of cleaving and therefore 
destructing the main components of cartilage and bone (such as proteoglycan and 
collagen type I, II, IX, X, and XI) [18].

2.1 Interleukin-1β

Interleukin-1β (IL-1β) is a cytokine belonging to the same family of cytokines 
as IL-1α, yet they show different features and are produced by two different 
genes [19]. IL-1β is mainly produced by macrophages as an inactive precursor 
(pro-IL-1β) and then cleaved by cysteine protease caspase-I into its mature form 
(IL-1β) [20]. The major distinction between IL-1β and IL-1α is that pro-IL-1β is 
biologically inactive, while pro-IL-1α and mature IL-1α can bind to their recep-
tors and therefore stimulate cellular responses. Most IL-1α also stays coupled 
with the plasma membrane and stimulates cells by direct cell–cell interaction, 
which can induce its functions [21]. IL-1β is produced by blood monocytes, 
tissue macrophages, and dendritic cells by direct cellular contact with stimulated 
T-lymphocytes, a mechanism related to chronic inflammation [22]. IL-1β mRNA 
requires an extra signal for synthesis so transcription of IL-1β is a rate-limiting 
step of its synthesis. The extra signal to induce the production of IL-1β can be 
a microbial product or cytokines as TNF-α, IL-1α, IL-18, or IL-1β itself [23]. By 
binding to the same receptors as IL-1α and IL-1β, yet not inducing any consequent 
cellular responses, IL-1 receptor antagonist (IL-I Ra) acts as a naturally occurring 
inhibitor [24]. IL-1β seems to be not present in healthy individuals, or its levels 
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are hard to detect by standard assays. Such low levels are needed to be maintained 
due to the potency of IL-1β to induce inflammatory responses [25]. During RA, 
serum levels of IL-1β are higher in patients with RA compared to healthy indi-
viduals, and the concentrations of IL-1β increase during the acute phase of the 
disease [26].

2.2 Interleukin-6

IL-6 has been suggested to be a major player in the pathological changes 
during RA because of the broad spectrum of activities IL-6 participates in. Il-6 is 
recognized as an endogenous pyrogen [27], and also as an inducer of acute phase 
response genes [28]. IL-6 stimulates B- and T-cells activity and promotes prolif-
eration of plasmablast into mature immunoglobulin-producing plasma cells [29]. 
IL-6 acts stimulatory on the immune system’s cells, vascular endothelial cells, 
synovial fibroblasts, and osteoclasts upon coupling with its soluble IL-6 receptor 
(sIL-6Rα). Activated sIL-6Rα complex stimulates the production of a subset of 
chemokines by endothelial cells and subsequently upregulates the expression 
of adhesion molecules, resulting in direct recruitment of leukocytes to the sites 
of inflammation [30]. Apart from that, by having stimulatory effects on syno-
vial fibroblast and osteoclast activation, IL-6 contributes to the formation of 
synovial pannus and bone resorption in inflamed joints [31, 32]. Interestingly, 
patients with various forms of arthritis have high levels of IL-6 in serum and 
synovial fluids, but on the other hand, their structural cells from joints (chon-
drocytes, fibroblasts, synoviocytes, and endothelial cells) lack expression of 
IL-6R [33]. These cells are also not responsive to IL-6 itself. The complex of IL-6 
bound to its receptor might, therefore, represents the mechanism behind the 
action of IL-6 during arthritis. In a synovial fluid of RA patients, it has been 
shown that an increase in sIL-6Rα correlates with the extent of the joint destruc-
tion which coincides with more advanced stages of RA [32].

2.3 Interleukin-17

IL-17 is another cytokine possibly contributing to the pathogenesis of RA. 
IL-17 is produced by CD4+ CD45RO+ memory T cells in synovium during RA, 
upon activation with phorbolmyristate acetate/ionomycin or CD3/CD28 Abs 
[34, 35]. IL-17A is relatively homologous to IL-17F (~50%) with which it can 
form heterodimers (IL-17A/F). Activated human CD4+ T cells produce IL-17A/F 
heterodimers along with IL-17A and IL-17F homodimers [36]. The signaling is 
based on the coupling of IL-1A and IL-1F to a multimeric receptor composed of 
two subunits IL-17RA and IL-17RC [37]. Cytokines from the IL-17 family activate 
pro-inflammatory pathways through activating NF-κB or inducing signaling 
through MAPK and the C/EBP transcription factors. It seems IL-17A signaling 
intends to activate a gene expression of an innate-type inflammatory effector 
program that mediates potent inflammation and plays a critical role in a defense 
of a host [38]. It has been shown that IL-17 can trigger the production of IL-6, 
IL-8, GM-CSF, and also prostaglandin E2 (PGE2), a strong mediator of inflamma-
tion, in human synoviocytes [34, 35, 39]. Additionally, IL-17 showed stimulating 
effect on granulopoiesis in a murine model [40], on osteoclastogenesis [41], 
up-regulated synthesis of NO in cultured human cartilage [42], stimulated the 
synthesis of proinflammatory mediators as TNF-α, IL-1β, IL-10, IL-12, stromely-
sin, and IL-1Ra in human peripheral blood macrophages [43]. Furthermore, levels 
of IL-17 in synovial fluid and serum from RA patients are high in contrast to OA 
patients [44].
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2.4 Monocyte chemoattractant protein-1

The rheumatoid synovial environment suggests a possible role for leukocyte 
chemoattractant molecules such as chemokines. Chemokines form a superfamily 
consisting of low molecular weight peptides (7–15 kDa) with conserved four- 
cysteine motif and consist of at least two subfamilies: first are the C-X-C (α) che-
mokines which all majorly attract neutrophils. Here belong IL-8, melanoma growth 
stimulating activity, and epithelial neutrophil-activating peptide 78. Secondly, C-C 
(β) chemokines are RANTES (regulated upon activation normal T cell expressed 
and secreted), monocyte chemoattractant protein 1 (MCP-1), and macrophage 
inflammatory protein 1α (MIP-1α), which chiefly recruit T cells and monocytes 
[45]. Many of the cells present in RA joints, such as endothelial cells, macrophages, 
fibroblasts, and lymphocytes can release chemokines. In the pathogenesis of RA, 
members of both subclasses of chemokines have been implicated. The production 
of MCP-1 is enhanced in human RA patients compared to osteoarthritis patients 
[46]. In the murine model of collagen-induced arthritis the earliest detectable levels 
of MIP-1α, MCP-1, and MIP-2 expression were observed 4 weeks after the initial 
collagen challenge [47].

2.5 Matrix metalloproteinase 9

Degradation of articular cartilage is important feature of RA and is caused 
by elevated activity of proteolytic enzymes [48]. In RA, synovial fibroblasts are 
extensively producing the matrix-degrading enzymes [49] known as matrix metal-
loproteinases (MMPs). MMPs are a zinc-dependent peptidases, which are degrad-
ing the components of extracellular matrix. MMPs are the key proteases associated 
with the degradation and invasion through anatomical barriers [50]. The MMP-9 
(gelatinase B) and MMP-2 (gelatinase A), are very important in the degradation of 
collagen by cleaving the denatured collagen, produced by collagenases. Moreover, 
these MMPs degrade other substrates, such as collagen I and II [51] and aggrecan, 
which is abundant in cartilage [50].

MMP-9 has a posttranscriptional regulation on multiple levels. Its activity is 
inhibited in tissues by inhibitors of metalloproteinase (TIMP-1 to TIMP-4) with 
strongest binding between TIMP-1 and MMP-9 [52]. MMPs (including MMP-9) are 
produced and secreted in latent soluble form of enzyme, which needs activation 
extra-celullarly. In tissues the mast cell-derived tryptase and chymase are effective 
activators of MMPs [53, 54]. Regulation of MMPs is situated at the level of their 
transcription. Expression of MMPs is modulated by different stimuli including also 
cytokines [55] and growth factors [56].

MMP-9 was first discovered in neutrophils [57]. MMP-9 is also present in other 
leukocytes including T cells, macrophages, and eosinophils [58]. MMP-9 cleaves 
IL-8 and increases its activity as a chemoattractant for neutrophil more than 10-fold 
according to acute and chronic inflammatory processes [59]. The evidence is now 
growing that along with the storage of serine proteases, mast cells are secreting 
significant amount of MMPs such as MMP-9 [60, 61]. Although there is limited evi-
dence for the expression of MMP-9 in mast cells in rheumatoid synovium [62], its 
regulation in RA is poorly understood. MMP-9 expression in rheumatoid synovial 
mast cells is via its regulation by TNF-α and IFN-γ in cord blood-derived human 
mast cell and the human mast cell line-1 (HMC-1). MMP-9 is not a product which 
is permanently stored in mast cells, but this enzyme is secreted under inflammatory 
conditions. MMP-9 may help in the migration of mast cell progenitors to inflamma-
tory sites and could also promote the local damage of tissues [63]. In RA, MMP-9 
is markedly elevated in serum and joint synovial fluid and positively correlates 
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with disease progression and severity [64]. MMP-9 knockout mice show decreased 
severity of antibody-induced arthritis [65].

3.  Innovative combination treatments of methotrexate with natural 
compounds in experimental arthritis

Current drugs for rheumatoid arthritis (RA) are: corticosteroids, disease- 
modifying anti-rheumatic drugs (DMARDs), non-steroidal anti-inflammatory 
drugs (NSAIDs), and biological response modifiers [66]. However, these antirheu-
matics have several adverse effects. NSAIDs are dangerous to patients due to the 
adverse effects such as bleeding of upper gastrointestinal tract, liver, and kidney 
adverse reactions [67]. Moreover, cognitive disorders, headaches, allergic reactions 
often force the patients to stop the treatment. This behavior is greatly limiting the 
use of NSAIDs. The long-term administration of corticosteroids can induce hyper-
splenism, hypertension, infection, osteoporosis and fractures [68]. DMARDs often 
cause diarrhea, rashes, vomiting, decreased white blood cell levels, and impaired 
kidney and liver functions [69]. Biological agents with high target specificity and 
less side effects are the new agents for therapy of RA [70]. However, these biological 
agents are expensive and not available for many patients [71]. Thus, development 
of novel anti-rheumatic drugs and strategies for RA therapy is a high priority. The 
combination treatments of low-dose methotrexate (MTX) with natural substances, 
which have the potential to improve the efficacy and to reduce adverse side effects 
of drugs, could be one possible direction in these strategies for RA therapy. Extract 
or phytochemical selected for combination therapy with MTX is expected to have 
anti-inflammatory and antioxidant activity to treat the inflammation and oxidative 
stress, occurring during RA development. Many chronic diseases with inflam-
matory pathology are abundant in elderly population. The widely administered 
anti-inflammatory drugs have many side effects and are expensive (biologic drugs). 
Alternative option are natural extracts and substances used in traditional medicine. 
These natural products offer a possibility to identify the bioactive compounds and 
for the development of new inflammatory drugs. Traditional remedies and phy-
tochemicals are being used for the treatment of inflammatory and other disorders 
since ancient times [72] and with proper scientific research background can be 
more extensively used for treatment also in the present.

3.1 Methotrexate

MTX is still for decades a primary antirheumatic drug and the cornerstone of 
the RA treatment. MTX has an acceptable safety profile, efficacy, and low cost as 
well as many years of clinical experience make it the gold standard of RA treatment 
and the key drug for combination with different biological drugs [73]. MTX is usu-
ally effective in RA treatment and patients are usually administered for several years 
with MTX, thus information about long-term safety is very important. However, 
administration of MTX is in some cases limited because of its toxic adverse effects. 
During long treatment period by MTX, often adverse reactions occur such as 
mucous ulceration, cytopenia, nausea, liver damage and serious infections. Some 
studies showed that due to toxic manifestations, the interruption of MTX treatment 
in RA patients is in the range from 10–37% [74].

Despite the introduction of numerous biologic agents for the treatment of 
RA, low-dose MTX therapy remains still the gold standard in the RA therapy. 
MTX is generally the first-line drug for the treatment of RA, psoriatic arthritis, 
and it enhances the effect of most biologic agents in RA. Methotrexate inhibits 
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polyglutamates inhibit aminoimidazole-4-carboxamide ribonucleotide (AICAR) 
transformylase (ATIC), leading to intracellular accumulation of AICAR and 
increased adenosine release; adenosine binds to cell surface receptors and sup-
presses many inflammatory and immune reactions [75].

The activity of MTX has also been studied in monocyte cell lines. Different from 
fibroblast like synoviocytes and T-lymphocytes, monocytes trigger apoptosis as a 
response to MTX treatment. Moreover, MTX activates a dose-dependent elevation 
in the expression of inflammatory cytokines, such as TNF, IL-1 and IL-6, in mono-
cytic cell lines [76]. Adenosine (AS) via its receptors regulates monocyte activity, 
and hence MTX may influence monocytes indirectly by increasing AS release by 
other immune cells. AS binds to its A1 receptor on peripheral blood monocytes and 
activates the formation of giant cells with multiple nuclei [77]. Moreover, the bind-
ing of AS to A2a receptors and A3 receptors on monocytes decreases the production 
and release of IL-6 and TNF and initiates the transformation of inflammatory M1 
phenotype of monocytes to anti-inflammatory M2 phenotype.

Macrophages with M2 phenotype have are responsible for termination of 
inflammation, clearing the apoptotic cells and support wound healing by secret-
ing profibrotic and angiogenic cytokines. Adenosine, binding on A2a receptors, 
inhibits the production of inflammatory cytokines and promotes the expression of 
anti-inflammatory mediators such as vascular endothelial growth factor and IL-10 
[78]. A2a receptor stimulation triggers a switching from an M1 (pro-inflammatory 
phenotype) to a modified macrophage M2 phenotype [79]. One way by which A2a 
receptor binding affects macrophage function is by stimulating the expression of 
the NR4A - orphan nuclear receptor, which is inhibiting the activation of NFκB-
dependent nuclear gene expression [80]. A2b receptor also induces the switching 
from a M1 macrophage phenotype to a M2 phenotype [81]. Cultivating synovial 
fibroblasts and T cells from RA patients triggered T cell TNF-α, IL-17, and IFNγ 
expression, which resulted in increased fibroblast IL-6, IL8 and IL-15 expression 
[82]. Methotrexate inhibited the upregulation of IL-6, IL8 and IL-15 by stimulated 
RA synovial fibroblasts. MTX also decreased IFNγ and IL-17 expression in T cells 
co-cultured with RA synovial fibroblasts (Table 1).

3.2 Combination of methotrexate and carnosic acid

In our previous study, we have selected the carnosic acid for combination with 
methotrexate for its anti-inflammatory and antioxidative properties, to reduce the 
development of rat adjuvant arthritis.

3.2.1 Carnosic acid

Carnosic acid (CA) was discovered first by Linde in Salvia officinalis L. [83]. 
Carnosic acid (C20H28O4, Figure 1), is a phenolic diterpene that belongs to the 
terpene class of secondary metabolites [84], is localized in rosemary leaves, more 
precisely in chloroplasts of trichome cells. CA and carnosol have been reported to 
display beneficial effects against acute and chronic inflammation, cardiovascular 
diseases, obesity, and cancer [85, 86], inhibition of prostaglandin synthesis [87], 
skin inflammation [88], inhibition of NF-κB [89], inhibition of 5-lipoxygenase [90] 
and antioxidant activity in vivo [91].

CA prevented cartilage degeneration though induction of hemeoxygenase-1 
(HO-1) in cell culture with human chondrocytes. The results showed that CA 
increased enzyme levels in a dose-dependent manner. Moreover, it was able to 
restore HO-1 levels under IL-1β treatment, which specifically inhibits the antioxi-
dant effects of this enzyme. CA induced HO-1 and miR-140 expression in human 
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articular chondrocytes, thus cartilage degeneration was attenuated by CA treat-
ment [92]. The activation of macrophages triggered by exogenous infection or 
endogenous stress stimuli is thought to be implicated in the pathogenesis of various 
inflammatory diseases. In a study of Wang et al. [93], authors applied an integrated 
approach based on unbiased proteomics and bioinformatics analysis to elucidate 
the anti-inflammatory property of CA. CA significantly inhibited the increase of 
NO and TNF-α, downregulated cyclooxygenase-2 (COX-2) protein expression and 
decreased the transcriptional level of inflammatory genes including NOS-2, TNF-α, 
COX-2, in LPS-stimulated RAW264.7 macrophages. The liquid chromatography-
based assessment showed CA negatively regulated 217 proteins elicited by lipo-
polysaccharide (LPS), which are responsible for multiple inflammatory pathways 
including nuclear factor (NF)-κB, MAPK and FoxO signaling. A following analysis 
showed that CA effectively inhibited ERK/JNK/p38 MAPKs, IKKβ/IκB-α/NF-κB 
and FoxO1/3 signaling. These results illustrate the ability of CA to regulate the 
inflammatory signaling triggered by LPS [93].

In another study by de Oliveira [94] authors have found that activation of cell 
antioxidant defense is mediated via transcription factor nuclear factor erythroid 
2-related factor (Nrf2). Therefore, authors investigated whether CA is able to block 
paraquat (PQ )-induced inflammatory alterations in SH-SY5Y neuroblastoma cells. 
CA reduced the PQ-induced changes on the levels of TNF-α, IL-1β, and COX-2 via 

Figure 1. 
Chemical structure of carnosic acid.

Cell type Methotrexate action

Monocyte Inhibition of IL-1β, IL-6, and TNF-α production; downregulation of receptors FcγRI 
and IIa; increases ROS synthesis and apoptosis

Macrophage Inhibition of IL-1β, IL-6, and TNF-α production;

Th-1 lymphocyte Decreases IL-2, IFN-γ and IL-17 gene expression; increases ROS synthesis and 
apoptosis

Th-2 lymphocyte Increases IL-4 and IL-10 gene expression

Neutrophil Increases ROS synthesis

Synovial 
fibroblast

Inhibition of IL-15, IL-6, and IL-8 expression; inhibitory effect on prostaglandin E2 
production; inhibition of COX-2 and MMP expression

ROS, reactive oxygen species; COX-2, cyclooxygenase 2; MMP, synovial matrix metalloproteinase.

Table 1. 
Immune regulatory action of low dose MTX in the RA synovial tissue (according to Miranda-Carús  
et al. [82]).
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signaling responsible for the activation of the Nrf2/HO-1 pathway. Furthermore, 
they observed a crosstalk between the Nrf2/HO-1 signaling pathway and the activa-
tion of the nuclear factor-κB [94]. Two Rosemary extracts and their main compo-
nents - CA and carnosol affected the cell migration. Monocyte chemoattractant 
protein-1 (MCP-1) and matrix metalloproteinase-9 (MMP-9) were determined by 
Western blot and gelatin zymography, respectively, in RAW 264.7 macrophages and 
vascular smooth muscle cells (VSMCs). MMP-9 and MCP-1 levels were significantly 
diminished with methanol extract (RM), n-hexane fraction (RH), and CA in RAW 
264.7 macrophages. RM, RH, CA, and carnosol suppressed TNF-α induced VSMC 
migration by inhibiting MMP-9 expression. Rosemary, especially its CA compo-
nent, has potential anti-atherosclerotic effects related to cell migration [95].

Liu and colleagues [96] studied the anti-inflammatory activity of CA on 
destruction of osteoclasts, fibroblast-like synoviocytes in the collagen-induced 
arthritis model. Abovementioned in vitro and in vivo experiments showed that CA 
inhibited the expression of pro-inflammatory cytokines such as IL-1β, IL-6, TNF-α, 
IL-17, IL-8 and MMP-3, and suppressed the secretion of RANKL. Moreover, authors 
determined that CA reduced osteoclastogenesis and resorption of the bone in vitro 
and had therapeutic protective activity against joint damage in vivo. Further results 
showed that CA inhibited RANKL-induced activations of MAPKs (JNK and p38) 
and NF-κB resulting in the suppressing of NFATc1 [96].

3.2.2  Effect of the combination therapy of methotrexate and carnosic acid in rat 
adjuvant arthritis

In this section we will present our preliminary results from combination therapy 
of methotrexate (MTX) and carnosic acid in rat adjuvant arthritis.

Hind paw volume (HPV) was significantly increased on days 14, 21 and 28 dur-
ing the development of AA. CA in monotherapy was without a significant effect on 
this parameter. The administration of methotrexate in sub-therapeutic dose mark-
edly reduced HPV on days 14 and 21, but not on day 28. The combination of MTX 
and CA was more effective in decreasing the HPV on days 14, 21 and 28 than MTX 
in monotherapy. The most effective reduction of HPV was on day 21 (Table 2).

MCP-1 is responsible for recruiting monocytes on the sites of inflammation, and 
it is involved in the pathogenesis of human [46] and also in experimental arthritis 
[47]. AA caused a significant increase in the levels of MCP-1 on days 14, 21 and 
28. Neither CA nor MTX administered in monotherapy were able to significantly 
reduce the elevated MCP-1 levels on days 14, 21 and 28. On day 21, only the combi-
nation of MTX and CA significantly decreased the level of MCP-1 in plasma of AA 
animals (Table 3).

3.3 Combination of methotrexate and ethanol extract of Rhodiola rosea

Rhodiola rosea L. is known as an adaptogen and has been confirmed to possess 
protective effects against inflammatory diseases, including cardiovascular diseases, 
neurodegenerative diseases, diabetes, sepsis, and cancer [97]. Less is known about 
the anti-inflammatory activity of Rhodiola extract in the experimental arthritis, 
thus we decided to select this extract for our study in monotherapy and in combina-
tion with methotrexate.

3.3.1 Rhodiola rosea L.

In this section we will focus on the anti-inflammatory effect of Rhodiola rosea 
L. (RhR). RhR has been found to possess anti-inflammatory properties in diseases 
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such as sepsis, endotoxemia, asthma in vivo and in vitro. Pu et al. [97] have found 
that seven compounds (Ferulic acid, Kaempferol, Salidroside, Tyrosol, Catechin, 
Gallic acid and Caffeic acid phenethyl ester) isolated from RhR showed protective 
activity against LPS-induced sepsis in mice via decreasing TNF-α, nitric oxide and 
lactate dehydrogenase [97]. By many scientists, salidroside (SAL) was reported to 
possess protective ability in many disease models through particularly regulating 
different inflammatory mediators.

SAL decreased the inflammatory injury via reducing inflammatory cytokines 
(IL-1β, TNFα, IL-6), small molecules (mainly nitric oxide), chemokines (mono-
cyte chemo-attractant protein (MCP)-1 and macrophage inflammatory protein 
(MIP)-1α) and COX-2 in animal models, such as LPS induced endotoxemia in mice 
[98], LPS induced murine acute lung injury [99], ovalbumin induced asthma in 

MCP-1 (pg/mL) Day 14 Day 21 Day 28

CO 306.43 ± 7.91 337.27 ± 17.06 137.36 ± 20.61

AA 395.68 ± 19.20** 516.31 ± 22.00*** 183.96 ± 12.48*

AA-CA 431.30 ± 21.14 510.00 ± 21.92 174.75 ± 18.45

AA-MTX 410.44 ± 9.75 491.74 ± 20.25 181.87 ± 25.07

AA-CA-MTX 411.82 ± 17.71 429.94 ± 13.38+ 165.21 ± 13.95

CO: healthy control animals, AA: untreated arthritic animals, AA-CA: arthritic animals treated with carnosic acid, 
AA-MTX: arthritic animals treated with methotrexate, AA-CA-MTX: arthritic animals treated combination of 
methotrexate and carnosic acid.
Values are expressed as average ± standard error of mean, statistical significance was calculated using ANOVA-
Tukey–Kramer post hoc test.
*p < 0.05.
**p < 0.01.
***p < 0.001 vs. CO.
+p < 0.05 vs AA.

Table 3. 
Effect of carnosic acid, methotrexate and their combination on levels of monocyte chemotactic protein-1 in 
blood plasma.

Changes in hind 
paw volume (%)

Day 7 Day 14 Day 21 Day 28

CO 4.66 ± 1.83 8.14 ± 3.23 9.79 ± 2.27 12.35 ± 1.95

AA 6.82 ± 2.13 35.90 ± 5.40* 71.79 ± 5.45** 54.81 ± 5.56***

AA-CA 4.73 ± 1.56 43.59 ± 9.70 72.63 ± 4.80 55.79 ± 5.11

AA-MTX 8.26 ± 1.85 11.63 ± 2.58+ 30.47 ± 7.85+++ 34.40 ± 9.74

AA-CA-MTX 3.84 ± 1.30 7.41 ± 1.53++ 8.43 ± 0.81+++/# 12.33 ± 1.90+++

CO: healthy control animals, AA: untreated arthritic animals, AA-CA: arthritic animals treated with carnosic acid, 
AA-MTX: arthritic animals treated with methotrexate, AA-CA-MTX: arthritic animals treated combination of 
methotrexate and carnosic acid.
Values are expressed as average ± standard error of mean, statistical significance was calculated using ANOVA-
Tukey–Kramer post hoc test.
*p < 0.05.
**p < 0.01.
***p < 0.001 vs. CO.
+p < 0.05.
++p < 0.01.
+++p < 0.001 vs. AA.
#p < 0.05 vs AA-MTX.

Table 2. 
Effect of carnosic acid, methotrexate and their combination on hind paw swelling.
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mice [100], and ethanol triggered acute gastric ulceration [101]. Further in vitro 
experiment confirmed the protective effects of SAL in neuro-inflammation. In 
murine microglial BV2 cells treated by LPS, Lee et al. showed that the main com-
pounds of RhR (salidroside and rosarin) reduced the production of nitric oxide and 
inflammatory cytokines such as IL-6, IL-1β, and TNF-α via the NF-κB and MAPK 
signaling pathways [102]. Another in vitro study showed that SAL may inhibit the 
synthesis of inflammatory mediators. Authors found that in mice macrophages 
(J774.1 and RAW264.7) activated by LPS, SAL pre-treatment can reduce the levels 
of IL-1β, TNFα, IL-6, NO and MCP-1 via NF-κB pathway [103]. Further experi-
ment showed that the mechanism might also be associated with down regulation of 
STAT3 and JAK2, and with translocation of STAT3 in nucleus [99]. STAT3 belongs 
to STAT (Signal Transducers and Activators of Transcription) family and has a key 
role in inflammatory processes. Many cytokines bind to GP130, which is a IL-6-type 
cytokines receptor, and activate Janus kinases (JAKs), what leads to the phosphory-
lation of STAT3. The phosphorylated STAT3 is translocated into the nucleus and 
regulates the expression of different target genes including also pro-inflammatory 
mediators [104].

Osteoarthritis (OA) is the most common disease, which seriously affects 
the daily life of the elderly. Currently, no drug therapy has been shown to 
explicitly block the progression of OA. The study by Gao et al. [105] showed 
that salidroside could significantly promote the proliferation of chondrocytes 
in OA rats induced by an anterior cruciate ligament transection and renew the 
OA-induced changes of cartilage. Salidroside increased the levels of aggrecan 
and collagen II and reduced the MMP-13 level. Moreover, salidroside reduced 
Th-17 cells and the levels of IKBα and p65, and IL-17, while elevated the count of 
CD4 + IL-10+ cells and IL-10. The reduction of IL-17 levels further diminished 
the dissociation of IKBα to p65, what resulted in the reduction of the release of 
VCAM-1 and TNF-α. Salidroside decreases the cartilage degradation via promot-
ing proliferation of chondrocytes, reducing collagen fibrosis, and regulating 
the inflammatory processes and immune responses through NF-κB pathway in 
anterior cruciate ligament transection-induced OA in rats [105]. Another study 
involving chondrocytes by Wu et al. [106] showed that salidroside suppressed 
IL-1β-induced apoptosis in chondrocytes. Salidroside stimulated proliferation of 
chondrocytes, reduced IL-1ß-triggered inflammation and apoptosis, and scav-
enged NO and reactive oxygen species generated by chondrocytes. Salidroside 
upregulated the level of B-cell lymphoma 2 protein and downregulated the level 
of apoptosis regulator Bax. Salidroside also inhibited the production of caspase 
3/9 and suppressed the phosphorylation of phosphoinositide-3-kinases (PI3K) 
and protein kinase B (AKT). These results indicate that salidroside prevents 
osteoarthritis by its anti-inflammatory, anti-apoptotic and pro-proliferating 
activities by suppressing the PI3K/AKT pathway [106].

3.3.2  Effect of the combination therapy of methotrexate and extract of Rhodiola 
rosea in rat adjuvant arthritis

Hind paw volume (HPV) was significantly increased on days 14 and day 21 dur-
ing the development of AA. Administration of Rhodiola rosea ethanol extract (RS) 
in monotherapy markedly decreased HPV on day 14, but it had no effect on HPV on 
day 21. MTX and the combination of MTX with RS administered in monotherapy 
significantly decreased the HPV on days 14 and 21 (Table 4).

AA caused significant increase in the levels of IL-6 on days 14 and 21. 
Administration of MTX in monotherapy significantly decreased the plasmatic 
level of IL-6 only on day 14. Administration of RS in monotherapy had no effect on 
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levels of IL-6. However, the combination treatment of MTX and RS significantly 
decreased the levels of IL-6 on both measured days (Table 5).

4. Conclusions

Animal models of rheumatoid arthritis (RA) are used widely in research on 
pathogenesis of inflammatory arthritis and in the testing of potential anti-arthritic 
agents. In this chapter we highlighted the importance of inflammatory mediators 
IL-1β, IL-6, IL-17, MCP-1 and MMP-9 in experimental arthritis and RA. We have 
demonstrated, that MTX is a therapeutic standard for human arthritis as well as for 
adjuvant arthritis in rats, which make this model suitable for studying the phar-
macotherapy of RA. Our preliminary results with combination treatments of MTX 
with carnosic acid and Rhodiola rosea ethanol extract showed, that these combina-
tions are more effective in reducing hind paw volume, and the levels of MCP-1 and 
IL-6 than MTX in monotherapy. Thus, natural compounds with anti-inflammatory 
activities could be also a perspective candidate for combination treatments with 
MTX to treat human autoimmune diseases.

IL-6 (pg/mL) Day 14 Day 21

CO 62,67 ± 4,30 51,50 ± 4,77

AA 141,45 ± 14,66* 88,33 ± 5,74*

AA-MTX 82,10 ± 18,95+ 70,19 ± 7,12

AA-RS 148,92 ± 10,44 77,99 ± 5,44

AA-RS-MTX 70,05 ± 6,84+ 43,13 ± 3,05+

CO: healthy control animals, AA: untreated arthritic animals, AA-RS: arthritic animals treated with extract of 
Rhodiola rosea, AA-MTX: arthritic animals treated with methotrexate, AA-RS-MTX: arthritic animals treated 
combination of methotrexate and extract of Rhodiola rosea.
Values are expressed as average ± standard error of mean, statistical significance was calculated using ANOVA-
Tukey–Kramer post hoc test.
*p < 0.05 vs. CO.
+p < 0.05, vs. AA.

Table 5. 
Effect of Rhodiola rosea ethanol extract, methotrexate and their combination on levels of IL-6 in blood plasma.

Changes in hind paw volume (%) Day 7 Day 14 Day 21

CO 0.55 ± 1.05 7.14 ± 1.33 11.99 ± 1.01

AA 3.16 ± 1.63 21.34 ± 3.70*** 55.38 ± 2.76***

AA-MTX 3.95 ± 0.91 5.40 ± 0.86+++ 14.79 ± 2.66+++

AA-RS 3.79 ± 1.88 8.35 ± 2.12++ 48.62 ± 5.34

AA-RS-MTX 6.13 ± 1.66 7.77 ± 2.49++ 12.10 ± 4.24+++

CO: healthy control animals, AA: untreated arthritic animals, AA-RS: arthritic animals treated with extract of 
Rhodiola rosea, AA-MTX: arthritic animals treated with methotrexate, AA-RS-MTX: arthritic animals treated 
combination of methotrexate and extract of Rhodiola rosea.
Values are expressed as average ± standard error of mean, statistical significance was calculated using ANOVA-
Tukey–Kramer post hoc test
***p < 0.001 vs. CO.
++p < 0.01.
+++p < 0.001 vs. AA.

Table 4. 
Effect of Rhodiola rosea ethanol extract, methotrexate and their combination on hind paw swelling.
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Abstract

Antiphospholipid syndrome which is also known as APS is an autoimmune 
disease which represents an acquired form of thrombophilia. The etiology of APS 
remains unknown. This disorder occurs when the immune system mistakenly 
attacks some of the normal human proteins and manifests itself as recurrent arterial 
or venous thrombosis and it could emerge after abortions or in recurrent pregnancy 
loss. In APS, the body produces the wrong antibodies against phospholipid-binding 
proteins, that is present in the blood and plays an important role in coagulation. 
Antibodies are specific proteins that usually target and neutralize the body’s invad-
ers, such as viruses and bacteria. When antibodies attack phospholipid-binding 
proteins, blood clots abnormally. Specifically, it could cause blood clots in veins or 
arteries leading to stroke and various pregnancy complications such as: endometrial 
death, miscarriage, preeclampsia, intrauterine growth restriction and prematurity. 
APS is divided into primary and secondary, which is associated with autoimmune 
diseases and more often with systemic lupus erythematosus (SLE), while antibodies 
against cardiolipin are detected in many other conditions (infections, malignancies, 
drugs, etc.). The symptoms of APS, in addition to arterial and/or venous thrombo-
sis and pregnancy complications, are multisystemic and the differential diagnosis of 
the primary APS from the secondary, in the context of SLE, is of particular clinical 
interest and is subject of this literature review.

Keywords: antiphospholipid syndrome, pregnancy, management neonatal outcome
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1. Introduction

APS characterized by thrombosis of the arteries, veins and microvessels and/or 
with pregnancy morbidity, with persistently elevated antiphospholipid antibody 
(aPLs) titers. The syndrome was first described in 1983 by Professor G. Hughes, at 
Hammersmith Hospital (Hughes Syndrome) [1, 2]. APS is a prothrombotic condi-
tion (with related complications such as deep vein thrombosis, pulmonary embo-
lism, etc.), belonging to autoimmune diseases of unknown cause, and is strongly 
associated with pregnancy [1–3]. Generally, autoimmune diseases namely Sjorgen’s 
syndrome, Spondylanthritis, rheumatoid arthtritis RA have an incidence of 5–8% 
in the general population organoid or systemic, and represent the 2nd cause of 
hospitalization in Internal Medicine Departments and the 3rd cause of morbidity/
mortality [1–4]. APS occurs as primary in the absence of findings of other autoim-
mune diseases or as secondary in 36% of cases in the context of another autoim-
mune disease (SEL, Sjogren’s disease, inflammatory bowel disease, etc.), while it 
is present in about 5% of patients with subclinical SEL or coexists with another 
underlying systemic autoimmune disease in 6% of cases [5, 6].

2. Epidemiology

The incidence of the syndrome is increased with age. During pregnancy, aPLs 
detection ranges from 0 to 11%, with an average incidence of about 2%. On the 
contrary, the syndrome is detected in up to 37% of the patients with systemic 
erythematosus lupus (SEL). In the nonpregnancy setting, venous thromboses are 
more common than arterial ones and can be diagnosed by imaging techniques and/
or histologic evidence [5–7].

3. Frequency

According to literature APS is the cause for 1 out of 5 Deep Vein Thrombosis 
(‘DVTs’), 1 out of 5 cases of SLE (arterial stroke) in young patients (age <45 years) 
and 1 out of 5 miscarriages. Especially for Obstetrics Hughes Syndrome is currently 
recognized as the leading cause for the miscarriages [5–7]. In addition, APS is diag-
nosed as the underlying diagnosis in a still unknown percentage of cases previously 
misdiagnosed as migraine, Alzheimer’s disease, and Multiple MS. It is estimated 
that the true incidence of the syndrome can be up to 1–2% or more in the general 
population [5–7]. Correlations-Percentages The mean age of APS onset is >30 years, 
with a female to male ratio of 5:1 and relapses usually take place at the same or 
similar area of the body. There is no apparent racial preference, but an increased 
incidence of SEL is reported in African Americans and Spaniards. Patients with SEL 
have positive aPLs in a percentage of 15–35%, but only about 50% of these patients 
will develop APS symptoms [5–7].

4. Clinical subtypes

Special categories of APS are described usually correlated to the target-organ 
or the severity of the manifestations. The following are included: Generalized 
APS, Arterial APS, APS and heart, APS and kidneys, Cerebral APS, Pediatric APS, 
Neonatal APS, Catastrophic CAPS and Obstetric APS [5–7].
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5. Catastrophic APS

The 0.8% of the cases is characterized as Catastrophic Antiphospholipid 
Syndrome (CAPS). It is a very rare and severe form of APS. There are diffuse 
clots in the small vessels throughout the body. Sometimes it can appear as the first 
manifestation of APS and even without clinical or serological confirmation of 
SEL. Early diagnosis is necessary and immediate start of an aggressive treatment is 
inevitable [5, 7–9]. CAPS is caused when at least 3 different systems are affected at 
intervals of days or weeks, with multiple thrombosis in large and small vessels. The 
organs that are usually affected are: a) kidneys, b) lungs, c) heart, d) small-large 
vessels with consequences as peripheral limb ischemia, stroke, myocardial infarc-
tion, thrombosis of blood vessels of abdominal organs with a mortality rate of 50% 
[5, 7–9]. The observed thrombocytopenia is usually mild between 100-150x109/L 
but severe thrombocytopenia can be also observed. The prevalence of the syndrome 
in the general population ranges between 2% and 4% meaning 40–50 patients in 
100,000 based on the criteria (mean age of diagnosis 34 years) and 7: 1 in the SEL/
APS combination [5, 7–9].

6. Therapeutic interventions for catastrophic APS

Anticoagulant therapy + corticosteroids.
Anticoagulant therapy + corticosteroids + plasmapheresis.
Anticoagulant therapy + corticosteroids + IV γ-globin.
Anticoagulant therapy + corticosteroids + plasmapheresis + IV γ-globulin.
Diffuse intravascular coagulation is not usually seen in primary or secondary 

APS but it occurs in about 25% of patients with catastrophic APS. It is estimated 
that more than 53% of cases are related to the primary syndrome. It is estimated 
that approximately 10% of patients with primary APS will be diagnosed with 
another autoimmune, disorder, such as SEL, at some point in their lives which is 
estimated to coexist in up to 37% of patients with APS. Patients with primary APS 
and a female/male ratio incidence of 3.5: 1 should not be classified as SEL patients, 
as they are two different disease entities [5, 7–9]. Also, aPLs found in a variety of 
rheumatic and autoimmune diseases should not be confused with APS. The latter 
includes autoimmune hemolytic anemia, idiopathic thrombocytopenic purpura, 
rheumatoid arthritis and cutaneous manifestations such as edema. Also, the same 
antiphospholipid antibodies are detected either temporarily or permanently after 
various infections, such as hepatitis A, hepatitis B, acquired immune deficiency 
(AIDS), mumps, toxoplasmosis, erythema etc. The use of certain medicines, such 
as hydralazine, procainamide, and amoxicillin, phenothiazines may cause a serious 
differential diagnosis with APS, which requires immediate diagnostic and thera-
peutic treatment to reduce the increased maternal risk, and in particular perinatal 
morbidity and mortality due to placental infarction [5, 7–9].

7. Pathophysiology

Dysfunction of the vascular epithelium as well as oxidative damage and modi-
fications of phospholipid-bound proteins that interfere with the regulation of 
coagulation are possible. It occurs when the immune system mistakenly attacks 
some of the normal proteins in the blood. The mechanism by which aPLs causes 
thrombosis is not fully understood. APLs consist of a heterogeneous group of 
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autoantibodies that react primarily with plasma proteins associated with negatively 
charged phospholipids (epitope formation). Moreover, also react directly with both 
phospholipid-binding proteins and phospholipids [10–12].

However, aPLs have been shown to target not only cell membrane phospholipids, 
but also plasma proteins. Initially aPLs are directed directly against negative cell 
membrane phospholipids and autoantibodies are directed against plasma proteins with 
high affinity for these anionic phospholipids [10–14]. Phospholipids are like building 
blocks of cell membranes and the appearance of aPLs is due to the “projection” of their 
anions to the extracellular space [10–14]. This phenomenon is usually happening due 
to various causes, such as trauma, ischemia, inflammation, infections, or drug interac-
tions. They were first observed in 1906 in 1–5% of the normal population.

The prevailing theory is that APS initially causes a disorder in cell apoptosis 
procedure resulting in the exposure of cell membrane phospholipids and their 
subsequent binding to various plasma proteins, such as β2-glycoprotein I. This 
binding leads, through activation, to generation of intracellular mediators (such as 
nuclear factor kappa B and mammalian target of rapamycin), and the formation of 
a phospholipid-protein complex resulting in the discovery of a new epitope, which 
then becomes target of autoantibodies [10–14].

Recent studies suggest that oxidized β2-glycoprotein I is capable of binding to 
and subsequently activating dendritic cells in a similar pathway to the one induced 
by activation via the Toll-like receptor 4 (TLR-4), resulting in its induction and the 
production of autoantibodies.

A total of 4 types of aPLs have been isolated [14–18].

1. Antibodies that give a false positive serological test for syphilis.

2. Lupus anticoagulants, which are antibodies to plasma proteins that bind to 
anionic phospholipids and cause prolonged results in laboratory methods of 
coagulation control, such as activated partial thromboplastin time (aPTT), 
kaolin clotting time (Kaoline Clotting)-KCT) and dilute Russell Viper Venom 
Time (dRVVT). These proteins are prothrombin or annexin V [14–18].

3. Antibodies to cardiolipin and phosphatidylserine. These antibodies may be 
IgA, IgG or IgM and may cross-react with lupus anticoagulants.

4. Antibodies to β2-glycoprotein-I, which are detected in a significant percent-
age of patients with primary or secondary antiphospholipid syndrome, while 
in 11% of patients it is the only laboratory finding [14–18]. This association 
results in either the discovery of “hidden” antigenic epitopes or the creation 
of new or simply increasing the concentration of weak antigenic sites in such 
quantities as to elicit an immune response.

Types of anti-b2 GPI antibodies [14–18]. There are several types of anti-β2 gly-
coprotein I antibodies, but not all of them are harmful. Those that target specific β-2 
glycoprotein epitopes, such as the epitope in the N-terminal I domain of the molecule, 
are associated with the onset of clinical manifestations of the syndrome [14–18].

8.  Correlation between APS clinical events and the type of anti-β2GPI 
antibodies

Patients with triple positivity in aPLs: have higher anti-β2GPI – domain I 
antibody titles, compared to patients with single or double positivity. Almost all 
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anti-β2GPI – domain I IgG antibodies tested positive after 12 weeks, in contrast to 
innocent transient aPLs, which appear to be immune to infections. Although anti-
β2GPI-Domain 1 (β2GPI-D1) IgG antibodies have been associated with thrombosis 
and pregnancy morbidity in APS patients, these antibodies are found in only one 
third of the patients [14–18].

9. Cell β2GPI/anti-β2GPI antibody receptors

Annexin A2 and Toll-like receptor (TLR) 4 are receptors for the entire β2GPI 
molecule. However, the absence of both of these receptors does not lead to the com-
plete inhibition of the binding of the anti-β2GPI antibody, a finding that supports 
the view that there are additional surface adhesion molecules that play a role. TLR1, 
TLR2 and TLR6 are potential cell receptors [14–18].

10. Association of APS with pathogenic intestinal bacteria

Β2GPI binds to LPS via domain V. Presence of a large amount of LPS prob-
ably increases the vascular distribution of APLs, by increasing the expression of 
TLR2 and especially TLR4. Because the main source of LPS in healthy people is 
the gut, it is possible that the presence of gut microbes in the gut increases them. 
Administration of intestinal flora-specific antimicrobial therapy to experimental 
animals showed a reduction in the thrombotic manifestations of APS [14–18].

11. The role of the complement in the pathogenesis of APS

Immediate evidence: In experimental models with C6-deficient rats and 
C5-depleted mice, it was shown that the addition of monoclonal anti-domain I 
MBB2 did not induce thrombosis or miscarriage. C4d and C3b sections have also 
been found in deposits on the placenta of women with APS [14–18].

Indirect evidence: In-vivo studies of the efficacy of drugs with C5 action. The 
non-complement-fixing anti-domain I monoclonal MBB2 [DELTA] Ch2 and the 
complement inhibitor C5-inhibitor rEV576 prevented the thrombotic complications 
of APS in vivo in experimental animals.

12. APL action mechanisms

APLs activate endothelial cells resulting in the expression of adhesion molecules 
(such as intercellular cell adhesion molecule-1 ICAM-1, vascular cell adhesion mol-
ecule-1 VCAM-1, E-selectin), and ultimately the overproduction of tissue factor TF.

APLs activate monocytes and cause increased tissue factor expression.
APLs activate platelets resulting in increased glycoprotein 2b-3a expression and 

thromboxane A2 synthesis. It has also recently been shown that aPLs induce the 
release of NETs from endothelial cells and these in turn further activate platelets. 
Their presence is enhanced by other conditions such as neoplasms, myelodysplastic 
syndromes, paraproteinemias, etc. [14–18].

These proteins (aPLs) normally bind to the phospholipid components of mem-
branes and protect against activation of coagulation mechanisms. Autoantibodies 
displace these “protective” proteins and promote the formation of clots in the 
cells of the vascular endothelium resulting in arterial and venous thrombosis. 
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In particular, aPLs antibodies include antibodies to Lupus Anticoagulant (LA), 
antibodies to cardiolipin (aCL), antibodies to β2GPI (αβ2GPI) and antibodies to 
other phospholipid-binding proteins and other phospholipids. LA, aCL and αβ2GPI 
antibodies are important in the diagnosis of antiphospholipid syndrome [12–18].

13. The most likely explanation for the pathogenesis of APS

They occur in people with a genetic predisposition after accidental exposure 
to infectious agents or in a rheumatic disease environment such as SEL. It is the 
“second hit” theory required for the full development of the syndrome. Of course, 
not all people with antiphospholipid antibodies have thrombosis or obstetric 
complications.

Τhe “two-hit theory” has been proposed, i.e. that in the manifestation of the dis-
ease only the presence of antiphospholipid antibodies is not sufficient but a second 
thrombotic risk factor must coexist (e.g. age, hypertension, infection, inflammation, 
diabetes mellitus, obesity, smoking, pregnancy and obstetrics, surgery, etc.) [14–18].

Regarding the pathophysiology of obstetric complications, trophoblast and per-
ishable blood vessel thrombosis is at the heart of this process. Various mechanisms 
have been proposed that lead to this result:

1. aPLs bind to Αnnexin V molecules and reduce the active levels of the protein in 
the blood. Annexin V is a protein that covers the negatively charged phospho-
lipids of the cell membrane when exposed to the extracellular space, thus mak-
ing it impossible to activate the thrombosis mechanism, which would occur 
under other conditions. The reduction of the levels of this protein activates the 
thrombosis of the small vessels of the trophoblastic villi and consequently the 
abnormal penetration of the trophoblast into the myometrium.

2. aPLs may reduce the levels of endogenous anticoagulant proteins C and S.

3. aPLs can bind to and activate endothelial cells. This results in the production of 
cellular inflammatory agents (VCAM-1, ICAMP1, E-selectin), which eventu-
ally attract monocytes to the area, which contribute to the production of clots 
and the apoptosis of endothelial cells.

4. Binding of aPLs to the cell membrane β2-glycoprotein-1 complex and phos-
pholipids reduces the efficacy of this complex, as an anticoagulant.

5. Binding of aPLs to platelet cell membrane components, such as phosphatidyl-
serine, results in their injury, which promotes their adhesion and activation of 
the prothrombotic chain. Finally, the activation of the complement seems to 
play an important role in the pathophysiological chain of events, which may 
be necessary in those processes that lead to fetal death or intrauterine growth 
retardation [14–18].

14. Diagnostic criteria

“APL profile” includes: the type of autoantibodies and the presence of 2–3 types 
of autoantibodies. The title of aPLs is mid-high instead of low and their persistent 
positivity is certified by multiple tests. APS is characterized by the following lab test 
results [19–22].
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Persistent presence of antiphospholipid antibodies (at least 2 positive results 
during a period of >12 weeks) including lupus anticoagulant, anticardiolipin 
antibodies and b2-glycoprotein 1α antibodies [19–22].

Risk factors: pregnancy, labour, contraceptives, malignancy, infection (E-coli, 
Shigella, Salmonella, Streptococcus, Staphylococcus etc), injury, surgical proce-
dures, operations, fractures, drugs, no compliance to the anticoagulant therapy and 
many other factors [19–22].

15. Laboratory findings

Usually there is severe thrombocytopenia, positive direct Coombs, microan-
giopathic hemolytic anemia, DIC findings in some patients and the presence of a 
heterogeneous group of antiphospholipid antibodies.

Laboratory confirmation is done with clotting assays for the detection of lupus 
anticoagulant and with solid phase assays-Elisa for the detection of anti-cardiolipin 
and anti-β2 glycoprotein antibodies [19–24].

1. The positive ACA IgG, Wolf Anticoagulant, ANA, ds-DNA, ENA (Ro, La) 
etc. are a heterogeneous group of IgG/IgM antibodies directed against plasma 
proteins involved in coagulation cataract activation. They are attached to PLs 
of the outer membrane of cells. While these antibodies cause thrombosis in 
vivo, in vitro prolong phospholipid-dependent coagulation tests. Detection 
of lupus anticoagulant (coagulation tests – 3-step procedure) prolongs the 
phospholipid-dependent coagulation time. Lupus anticoagulant is considered 
positive when it is detected in at least one of the two methods with the follow-
ing diagnostic criteria – steps:

15.1 The screening test

a. Screening procedure when prolongation is observed in at least one of the 
phospholipid-dependent coagulation methods

• Activated partial thromboplastin time (aPTT),

• Russel snake venom dilution time (dRVVT)

b. Mixing patient plasma 50:50 with normal plasma fails to correct prolonged 
screening test time

• Confirmation of the presence of coagulation inhibitor and not the absence 
of coagulation factor mixing test: Proof that the prolongation is due to the 
presence of coagulation inhibitor.

c. The addition of extra phospholipids corrects the prolonged clotting time. 
Confirmation test: Evidence that this inhibitor is directed against  
phospholipids [19–24].

15.2 Anti-cardiolipin antibodies (aCL) (IgG-IgM)

Presence of antibodies against cardiolipin (aCL) – IgG moderately to strongly 
positive (>15–20GPL) – IgM(> 15 – 20MPL) moderate to strongly positive, but with 
the simultaneous presence of LA [19–24].
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They are directed against epitopes resulting from modulatory changes in the 
β2GPI (domains-V) molecule after binding to cardiolipin. They are directed directly 
against cardiolipin (CL). They are associated with infections, syphilis, in healthy 
individuals and are not related to APS [19–24].

15.3 Antiβ2 GPI antibodies (IgG-IgM)

Antibodies against β2GPI (anti-β2GPI), β2-glycoproteinI (β2 GPI) natural 
anticoagulant plasma protein associated with negatively charged molecules: 
phospholipids, heparin, lipoproteins (oxLDL), activated PLTs/Ecs, apoptotic cell 
membranes.

They turn directly against β2-GPI and are a heterogeneous population that 
recognizes epitopes in different regions (I-V) of the protein.

Antigen: purified human β2GPI with tight adhesion to plates for low avidity 
binding of antibodies and detection of domain I in situ.

Anti-LA/β2GPIs are positively associated with a particularly increased risk 
of thromboembolic complications and detection with new methods offers new 
opportunities for risk assessment [19–22].

ELISA: αCL/β2GPI detects various antibody specificity es with relatively low 
clinical utility – their exclusion from the criteria has been widely discussed, they 
are still a diagnostic criterion but current screening guidelines should be followed 
faithfully [19–22].

aβ2GPI antibodies: correlate very well with the clinical manifestations of APS – 
They are positive in patients with thrombosis who have negative LA and aCLs.

If aPL title > 40 GPL or IU at least 2 times in 12 week interval then APS is 
diagnosed. The most important are Abs against β2GPI and against prothrombin 
which show LA activity. Lupus anticoagulant is part of the APS antibody spectrum, 
reacting in the liquid phase. In contrast, other aPLs such as anti-CL and anti-β2-
glycoprotein (β2-GPI-1) antibodies are detected by solid-phase immunoassay. For 
the APS diagnosis it is necessary to use both solid phase methods and coagulation 
tests for LA [19–24].

16. Other aPLs

Prothrombin antibodies: They have good association with LA, use in  
seronegative APS.

Antibodies to Annexin V, II Associated with thrombosis in APS.
Proteins against protein C and S: Lower sensitivity and specificity than 

aCLs/IgG.
Antibodies against vimentin (anti-Vim/CL: Positive (55%) in seronegative 

SN-APS, their use needs documentation.
The diagnosis of the syndrome should be avoided when a period of <12 weeks or 

> 5 years separates the clinical from the laboratory characteristics (regardless of the 
most presented first) [24–26].

17. Secondary antibodies in APS

• IgA anticardiolipin antibodies

• anti-β2 glycoprotein I IgA antibodies
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• antiphosphatidylserine antibodies

• anti-phosphatidylethanolamine antibodies

• anti-prothrombin antibodies

• antibodies against the phosphatidylserine-prothrombin complex

APLs are a very heterogeneous family of antibodies and more than 30  
different antibodies have been reported in patients with APS called ‘antibody 
burst’. Their positivity does not offer much in the absence of clinical  
findings although confirmation is necessary for the duration of the  
symptoms. Ultimately the history and clinical picture determine the treatment 
[24–28].

• Presence of positive lupus anticoagulant (LA) in plasma, in at least two tests 
with an interval of at least 12 weeks between them offers reliable criteria for 
diagnosis.

• Moderate presence of high title of anticardiolipin antibodies (aCL) IgG or IgM 
in serum or plasma (eg> 40 IgG phospholipid units-GPL/mL or IgM phos-
pholipid units-MPL/mL or> 99th percentile) in at least two intervals between 
them for at least 12 weeks.

• Moderate presence of high titer anti-beta-2 glycoprotein I IgG or IgM antibod-
ies in plasma or serum (> 99th percentile) in at least two tests with an interval 
of at least 12 weeks [19–26].

• Extension Activated partial thromboplastin time (aPTT)

• Falsely positive test for syphilis

• Low levels of total protein S

• Hemolytic anemia. It occurs quite frequently and is particularly associated 
with the presence of anticardiolipin IgM antibodies

• Thrombopenia. It is quite common in patients with APS (22% at diagnosis, 
30% overall) and is associated with paradoxical thrombosis even with low 
platelet counts. It is of course possible that when their number is <50,000/μL 
there is a coexistence risk of bleeding, making the treatment of these patients 
particularly difficult and urgent.

Positive antinuclear antibodies are often found at low titers, without necessarily 
being associated with the presence of SLE [19–26].

Coagulation methods for detecting anticoagulant lupus are affected by  
oral anticoagulant therapy (coumarin, newer anticoagulants), but also by thera-
peutic doses of standard heparin. For this reason, testing should be done  
before starting or after cessation of these drugs. In contrast, administration  
of low molecular weight heparin in prophylactic doses of aspirin or clopidogrel 
does not appear to significantly affect the detection of anticoagulant lupus.
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18. APS-pregnacy

18.1 Clinical findings

APS is diagnosed in up to 40% of women with a history of miscarriage, intra-
uterine fetal death (> 18th week of gestation) or placental vascular disease, ie 
preeclampsia, intrauterine fetal growth retardation, placental abruption. However, 
in a percentage of 50–60% the causes remain unclear [26–34].

18.2 Manifested clinically with

• recurrent vascular thrombosis (venous and/or arterial, and/or capillary), 
and/or with

• obstetric vascular complications:

• abortions <10th week of pregnancy

• delayed miscarriages

• endometrial death

• preeclampsia and/or eclampsia, or HELLP syndrome

• intrauterine growth restriction (IUGR) [26–38]

18.3 Obstetric antiphospholipid syndrome triggered in pregnancy

The findings of some studies raise the suspicion of a subtype triggered by  
gestational APS, with a transient increase in antiphospholipid antibodies only  
during pregnancy.

18.4 Pregnancy morbidity

The morbidity of pregnancy is certified by the following parameters:

1. ≥1 unexplained fetal death > 10th week (morphologically healthy fetus)

2. ≥1 preterm birth <34th week (preeclampsia or severe placental insufficiency)

3. ≥3 consecutive miscarriages <10th week after exclusion of other pathologies 
such as anatomical, hormonal, chromosomal abnormalities, history of throm-
boembolic episodes

• at least 1 unexplained fetal death in the 2nd or 3rd quarter (> 10 W)

• at least 1 birth at gestational age <34 W, due to preeclampsia or placental 
insufficiency

According to the International Consensus Criteria of 2006, any of these anti-
bodies, if tested positive in at least two laboratory tests at least 12 weeks apart, 
in combination with a clinical thrombosis or obstetric complication, leads to the 
diagnosis of APS.
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There must be at least one laboratory and one clinical criterion for the diagnosis 
of primary APS. Antiphospholipid antibodies are detected by the enzyme-linked 
immunosorbent assay (ELISA) in which the phospholipid cardiolipin is used as 
the antigen. It is actually a complex of cardiolipin with a serum protein called 
β2-glycoprotein I (β2-GPI). The above protein plays an inhibitory role in blood clot-
ting, and when the complex binds to antiphospholipid antibodies, its effectiveness 
as an anticoagulant decreases [26–42].

Laboratory findings usually show high titers of IgG or IgM antibodies against 
cardiolipin or lupus anticoagulant, which must be detected in the same patient in 
two different samples taken at least 6 weeks apart. The above mechanism is due 
to the frequent recurrent thrombi that affect both the large and small vessels of 
the arterial or venous limb. In addition, mild cytopenia occurs quite often, which 
 usually subsides with the end of pregnancy.

18.5 The diagnosis of the syndrome can be suspected in

Arterial or venous thrombosis.
Presence of anticardiolipin antibodies, IgG, IgM, Anti-beta2-GPI and Lupus 

anticoagulant [26–42].
Adverse outcomes of pregnancy.
APS can be diagnosed, if one or more of the clinical criteria and one or more of 

the laboratory criteria are met.
Although a causal association between obstetric complications and antibody 

detection is difficult to identified, however the lupus anticoagulant is the major pre-
dictor of labor adverse events including both mother and fetus. Although spontane-
ous abortions before the 10th week are relatively common in the general population, 
it seems that this risk is higher in patients with the syndrome. Fetal demise due to 
insufficient blood flow is most probably caused by placental insufficiency triggered 
by placental infarctions [26–42].

This placental insufficiency is likely to be associated with delayed intrauterine 
fetal development, severe preeclampsia, premature rupture of the membranes, 
premature placental abruption, and preterm fetal death (preterm and preterm 
death) in the 20th week of pregnancy, which usually has the worst outcome, as well 
as the increased risk of premature ejaculation [26–42].

Regarding the relationship of aPLs with preeclampsia, their detection seems 
valuable only in cases of severe preeclampsia before the 34th week of pregnancy. 
For cases of severe intrauterine fetal growth retardation, there are studies that 
report its relationship to the presence of antibodies, while other studies do not seem 
to reach this conclusion.

19. Discussion

The risk of miscarriage in women with antiphospholipid antibodies is higher 
from the 10th week of pregnancy onwards. But also in women with a history of 
six miscarriages before the 10th week of pregnancy, antiphospholipid antibod-
ies are detected in rates of 10 to 20% without the presence of other clinical 
manifestations [42–44].

Pregnancy complications in women with APS are due to decreased placental 
perfusion based on local thrombosis, which is probably caused by the interaction 
of aPL with annexin V of the trophoblast resulting in inhibition of its anticoagu-
lant activity. Other manifestations of aPL include thrombocytopenia (40–50%), 
hemolytic anemia (14–23%), renal disease that has only recently been recognized 
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as a consequence of APS, and Liveto redicularis [42–48]. Female patients with APS 
and kidney disease from antiphospholipid antibodies typically have high blood 
pressure, which is an additional serious risk to their pregnancy and can lead to the 
complications mentioned above [42–48].

20. When will we check a patient for aPLs

1. Spontaneous venous thrombosis at age <45 years (deep vein thrombosis,  
pulmonary embolism)

2. Arterial thrombosis in a person <45 years of age (myocardial infarction),  
without risk factors

3. Recurrent pregnancy loss

4. Thrombosis and vascular diseases associated with SLE

5. Recurrent thrombocytopenia of unknown etiology

6. Neurological manifestations

7. Acquired heart valve disease

8. Liveto redicularis

9. Patients with a false positive RPR test

10. Prolongation of any coagulation test [42–54].

Finally, for the presence of antiphospholipid syndrome, women of reproductive 
age who have any of the following characteristics should be screened (other than 
those mentioned above): False positive test for syphilis, stroke and venous throm-
bosis without other predisposing prolongation of aPTT, SLE and autoimmune 
hemolytic anemia [48–58].

Of course, from the medical history of the pregnant woman should always be 
sought the episodes of venous thrombosis that are usually observed in the veins 
of the lower extremities, which are not necessarily accompanied by episodes of 
pulmonary embolism, but also in rarer localizations, such as the sphenoid sinuses 
of the skull and the small visceral vessels. Autoantibodies and microthrombotic 
mechanisms could affect the normal implantation, the trophoblasts’ expansion and 
the development of effective fetoplacental circulation leading to abortions of the 
first trimester [48–58].

At older gestational ages endometrial death is attributed to massive placental 
thrombosis while the mechanisms associated with other complications (preeclamp-
sia) are unknown. In terms of laboratory findings, moderate to high IgG or IgM 
antibodies to cardiolipin (20–50 GPL, 20–80 MPL respectively) or lupus anticoagu-
lant should be detected [48–58].

Patients who present with clinical manifestations of APS could be permanently 
negative for the three main autoantibodies. Women with positive aPLs are more 
likely to have thromboembolic events, miscarriage or fetal death, intrauterine 
growth retardation, severe preeclampsia, and placental abruption. However, 
the presence of these antibodies cannot exclude the possibility of a successful 
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pregnancy and/or estimate the risk of potential complications. The existence of a 
burdensome obstetric or pathological history seems to play a more important role, 
since the reporting of thrombotic episodes, SLE or fetal death is associated with 
a 40% chance of premature birth and a greater than 30% chance of intrauterine 
growth retardation. From the beginning of pregnancy until the 20th week, visits 
should be made every 15 days and then every week until delivery [52–60].

Ultrasound examination of fetal development, but also the evaluation of the 
amount of amniotic fluid, should begin in the 16th week and be repeated every 
month unless there is a pathological finding. There is evidence that bilateral pres-
ence of notches in the uterine arteries, on Doppler screening at 24 weeks, can detect 
with satisfactory sensitivity those patients who develop preeclampsia and IUGR 
if they have a positive lupus anticoagulant. The umbilical artery test with Doppler 
from the 26th week until childbirth offers great help, while for the same period of 
time a weekly cardiotocographic test (non-stress test) should be performed, as well 
as an ultrasound control of the amount of amniotic fluid. The most commonly used 
regimen involves the administration of aspirin (80 mg daily) and heparin, either 
crystalline or low molecular weight, in prophylactic doses [60–64].

The patient’s health condition before pregnancy will determine the resumption 
of therapy after childbirth. Thus, two to three days after delivery, women taking 
coumarin derivatives before pregnancy (due to a history of a thromboembolic 
event) should discontinue heparin (after an INR of 2–2.5) and resume taking these 
drugs. To decrease the possibility of a new thromboembolic event, women with a 
thrombotic history during the late pregnancy should be treated with prophylactic 
doses of heparin or coumarin derivatives for 6 weeks postpartum. For women with-
out a thrombotic history, the anticoagulant therapy could be continued for the first 
five postpartum days at most. Compared to conventional heparin, less complica-
tions were related to low molecular weight heparins. Regarding the duration of the 
treatment, some recommend the prophylactic administration until the completion 
of the 37th week, then proposing induction of labor and others the administration 
until the automatic onset of labor with the simultaneous administration of vitamin 
K antagonists.

Hyperimmune γ-globin is no longer recommended because there is no clear 
evidence of improved perinatal outcome. Coumarin is not administered particularly 
in the 1st and 3rd trimesters as potential teratogens and due to easy passage through 
the placenta coagulation disorders in the fetus and because they are associated with 
greater maternal morbidity. Their administration is indicated only in rare cases of 
contraindication to heparin or aspirin [60–68].

Complications of anticoagulant therapy in pregnancy include embryopathy 
(nasal hypoplasia, spotted epiphyses), CNS abnormalities (Dandy-Walker syn-
drome, visual atrophy), fetal bleeding, hemorrhagic manifestations, skin allergies, 
thrombocytopenia and osteoporosis [60–72].

The basic principles of APS treatment include the systematic monitoring of 
the pregnant woman, the continuous assessment of the condition of the fetus, the 
administration of medication and the selection of the most appropriate time and 
manner of delivery. Despite the lack of large cross investigations, the usual thera-
peutic directions includes the corticosteroids, the aspirin, heparin, hyperimmune 
gamma globulin and coumarins.

Treatment should be applied only when the risk of complications is considered 
to be higher and after a thorough discussion with the pregnant woman. The prog-
nostic factors of poor outcome are the title of anticardiolipin antibodies and the 
obstetric history [60–72].

Aspirin significantly reduces the risk of thrombosis by blocking platelet 
aggregation. It is considered safe during pregnancy. Until now, there are no 
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final conclusions regarding the efficacy of the above therapy as monotherapy. 
Hydroxychloroquine inhibits aPL-B2GPI complexes on phospholipid surfaces, 
annexin A5, TF tissue factor, TLPs Toll-like receptors, statins such as pravastatin 
inhibition of Nuclear factor kappa B (NF-κB) is protein transcription factor, Anti-
CD20 monoclonal antibodies (mAbs) resistant APS and aspirin are recommended 
to prevent and treat preeclampsia [60–72].

The choice of time and method of delivery depends mainly on the presence or 
absence of complications of the disease during pregnancy. In any case of intra-
uterine suffocation of the fetus, induction of labor is required with all the possible 
harmful consequences of prematurity. In asymptomatic forms of the disease and 
when there are no signs of fetal difficulty, childbirth is preferred as much as pos-
sible at the end of pregnancy.

Worldwide, the route of delivery has been the subject of intense controversy 
and it is not clear if vaginal delivery or cesarean (c-)section is safer for the mother. 
Thus, prelabour c-section or vaginal delivery should be guided by obstetric 
criteria [60–72].

APS (primary or secondary) is a chronic systemic autoimmune disorder that 
mainly affects young women of childbearing age. APL can impair trophoblast func-
tion and can cause implantation failure by not allowing fusion of the cytotropho-
blast and can also developing small thrombophilia increase abortion rate. Natural 
killer cells attach to the cytotrophoblast of the embryo. However, the mechanisms 
by which such cells may or may not affect the embryo is not proven. Moreover, after 
the implantation, there is a slight inflammatory response. Patient with recurrent 
miscarriages and infertility develop less prominent reaction that may prevent the 
fetus from implantation [72–74].

21. Conclusion

The effect of the syndrome on pregnancy is accompanied by a multitude of 
serious complications that significantly increase the rates of maternal and especially 
perinatal morbidity and mortality.

There is an urgent need to create a new laboratory method, which will detect 
with great sensitivity and specificity all antiphospholipid antibodies and for this 
purpose large multicenter studies are already being done, the results of which are 
awaited.
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Chapter 14

Non-Allergic Rhinitis
Erkan Yildiz

Abstract

Non-allergic rhinitis is a term used for situations where no allergen can be 
detected as the cause of rhinitis. In non-allergic rhinitis; Skin test positivity or 
specific Ig E response cannot be detected. The pathophysiology of nonallergic 
rhinitis (NAR) is heterogeneous. The most common type is vasomotor rhinitis, also 
called idiopathic. In addition, there are many types such as hormonal, gustatory, 
occupational, atrophic, cold air-induced and systemic diseases. Patients; They 
present with symptoms such as nasal congestion, runny nose, sneezing, and itching 
in the nose, the symptoms of the patients do not show a seasonal pattern. There are 
family stories, but they are not as common as allergic rhinitis (AR). An underlying 
factor such as infection, sinusitis or polyps cannot be detected in patients. It was 
determined that the patients showed more neurogenic abnormalities in the patho-
physiology. These patients have been shown to be hypersensitive to substances with 
ingredients such as cold air or capsaicin. The diagnosis is made clinically, the onset 
of the disease is in adolescence. Oral/nasal antihistamines, steroids, leukotriene 
antagonists are used in the treatment.

Keywords: non-allergic rhinitis, IgE, vasomotor rhinitis, eosinophilic nonallergic 
rhinitis, rhinitis medicomentosa

1. Introduction

1.1 Non-allergic rhinitis

Non-allergic rhinitis is a term used for situations where no allergen can be 
detected as the cause of rhinitis. Non-allergic rhinitis occurs in approximately one 
third of allergic rhinitis. Affects 22 million people (7% of the population) in the 
USA [1]. In non-allergic rhinitis; Skin test positivity or specific Ig E response cannot 
be detected. The pathophysiology of nonallergic rhinitis (NAR) is heterogeneous 
[2]. The most common type is vasomotor rhinitis, also called idiopathic. In addi-
tion, there are many types such as hormonal, gustatory, occupational, atrophic, 
cold air-induced and systemic diseases [3]. Patients; They present with symptoms 
such as nasal congestion, runny nose, sneezing, and itching in the nose, the symp-
toms of the patients do not show a seasonal pattern. There are family stories, but 
they are not as common as allergic rhinitis (AR). An underlying factor such as 
infection, sinusitis or polyps cannot be detected in patients. It was determined that 
the patients showed more neurogenic abnormalities in the pathophysiology. These 
patients have been shown to be hypersensitive to substances with ingredients such 
as cold air or capsaicin. The diagnosis is made clinically, the onset of the disease is in 
adolescence [4].
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2. Pathophysiology

Non-Allergic rhinitis occurs due to non-IgE mediated mechanisms. Prostaglandins, 
leukotrienes are found in both the upper and lower airways. These cause mast cell 
secretion, eosinophils, after exposure to the allergen in rhinitis. Prostaglandins and 
leukotrienes released from mast cells cause vasodilatation and hypersecretion from 
the gland, leading to rhinitis symptoms. Although this mechanism is not fully active in 
non-allergic rhinitis, symptoms occur with a similar effect [5].

3. Vasomotor rhinitis

Vasomotor rhinitis; It constitutes the most important part of rhinitis in the 
definition of non-allergic rhinitis. Its other name is known as non-allergic rhinopa-
thy. It occurs as a result of impaired vasomotor balance in the nose. There is a loop 
in the form of sympathetic/parasympathetic innervation in the nose. This cycle is 
disrupted due to reasons such as exercise, cold, stress, insufficient thyroid functions, 
pregnancy, excessive or prolonged use of some blood pressure drugs, birth control 
pills and decongestant drugs. At the beginning of all these reasons, nasal congestion 
is temporary and reversible. So if the cause is removed, the disease will improve. In 
addition, if it lasts long enough, this time the blood vessels will lose their elasticity 
and the event turns into an irreversible situation. Metabolic (Acromegaly, Pregnancy, 
Hypothyroidism), Autoimmune (Sjogren’s syndrome SLE Relapsing polychondritis 
Churg-Straus),Granulomatous diseases (Sarcoidosis and Wegener’s granulomatosis), 
Other (Cystic fibrosis, Cilia dyskinesia syndromes, Immunodeficiency, Amyloidosis, 
Chronic fatigue syndrome) are the most common causes of NAR [6].

4. Gustatuar rhinitis

Typically, it starts after consuming hot or spicy food and alcohol. It starts with 
a food allergy or an unknown mechanism and continues with profuse rhinorrhea. 
Ipratropium bromide is used in the treatment [7].

5. Occupational rhinitis

Occupationally allergic and non-allergic can occur. There are four types. The 
first is an uncomfortable rhinitis without inflammation in the nose caused by smell. 
The second type is rhinitis that is caused by irritant and causes inflammation in the 
mucosa. The third type is corrosive rhinitis that occurs due to high concentration of 
chemicals in the nasal mucosa. Ammonia etc. occurs with inhalation of substances. 
The fourth type is rhinitis, which causes Ig E due to occupational exposure. Latex 
allergy in healthcare workers depends on this. Nasal saline irrigation solutions, nasal 
steroids and antihistamines are used in the treatment of this rhinitis [8] (Table 1).

6. Hormonal rhinitis

It is divided into two as gestational rhinitis induced by the menstrual cycle. 
Gestational rhinitis begins in the second trimester of pregnancy and continues 
until the second week of postpartum. It is related to pregnancy in another form of 
hormonal rhinitis. This can start in any week of pregnancy. Nasal saline irrigation 
is used in the treatment. In addition, they can benefit from the tapes used for the 
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nose wings at night. The benefit of intranasal steroids in these patients has not been 
determined. The use of pseudoephedrine should be avoided during pregnancy, 
especially in the 1st trimester [9].

7. Rhinitis medicamentosa (drug-induced rhinitis)

It is a severe nasal congestion caused by the continuous use of agents such as 
oxymetazoline and phenylephrine, which are sympathomimetic agents. They use 
oral or topical steroids in treatment and sympathomimetic sprays are discontinued. 
Drugs such as ACE inhibitors, NSAIDs and Aspirin also have similar effects [10].

8. Atrophic rhinitis

Progressive nzal atrophy and Klebsiella ozaenae etc. It occurs due to mucosal 
colonization with microbial agents. There is a disturbing foul-smelling discharge 
on the jas. It can also develop after inferior turbinate surgery. Oral antibiotics, salty 
and oily washing solutions are used for malodorous discharge. Since the disease is 
very persistent, symptomatic patients should be followed up from time to time [11].

9. Non-allergic rhinitis with eosinophilia syndrome (NARES)

Known as non-allergic rhinitis with eosinophilic syndrome (NARES), the 
disease usually begins in adulthood; It is a type of non-allergic rhinitis characterized 
by negative skin test and normal IgE levels. Aspirin sensitivity, asthma and nasal 
polyps may develop in these patients. Eosinophilia is observed in patients. There is 

Drugs Usage areas Side effects

Antihistaminics Sneezing, runny nose, itchy 
nose

Anti-cholinergic side effects such as 
dryness of mucosal membranes, urinary 
retention, constipation, tachycardia, 
decreased visual acuity;
Central side effects such as attention 
deficit and sleep

Steroids
(Oral prednisolone, 
methylprednisolone, nasal 
mometasone, fluticasone)

Nasal discharge, itching, 
sneezing
(Due to the systemic side 
effects of oral steroids, nasal 
steroids are in common use 
and are used as the first 
choice in treatment..

Besides growth retardation in children, 
metabolism disorders in all cases, 
glaucoma and cataract formation, 
immunosuppression, suppression of 
the growth axis, thinning of the skin, 
behavioral disorders, osteoporosis

Leukotriene antagocytes
(Montelukast, zileuton etc.)

It is the gold standard 
in rhinitis that does not 
respond to antihistamines 
and nasal steroids.

Agitation aggression, anxiety, 
hallucination, depression, insomnia, 
irritability, restlessness, and suicidal 
thoughts.

Oral / Nasal decongestants
1. Pseudoephedrine and 

phenylephrine-oral
2. oxymetazoline, xylo-

metazoline and naphazoline 
(intranasal)

Nasal congestion When used orally, irritability, insomnia, 
irritability, headache, tachycardia, 
hypertension, increased intraocular 
pressure, urinary difficulty

Table 1. 
Drugs used in treatment [15].
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also an increased risk of obstructive sleep apnea syndrome. Another variant is  
Non-Allergic rhinitis disease with eosinophilia in the blood called BENARES. 
Although the clinic of the disease is the same as NARES; In this disease, there is 
eosinophilia in the blood instead of nasal eosinophilia. Intranasal corticosteroids 
are sufficient in both NARES and BENARES [12].

10. Infectious rhinitis

Infectious rhinitis is a type of rhinitis with acute or chronic runny nose, nasal 
congestion, frontal headache, smell disorders, post nasal discharge and cough. Most 
infectious rhinitis in children are viral and resolve with symptomatic treatment. If it 
is bacterial, antibiotics are used. In addition, nasal solutions, nasal steroids are also 
effective in treatment [13].

What are the risk factors?

• Exposure to smoke, exhaust fumes, or tobacco smoke

• Being over 20 years old. (Allergic rhinitis occurs before this age, non-allergic 
rhinitis occurs after the age of 20)

• Continuous use of decongestants: Nasal decongestants, which solve acute nasal 
congestion, cause congestion when used for a long time and increase congestion 
with rebaunt effect.

• Gender: Being a woman increases non-allergic rhinitis with hormonal effect.

• Occupation: Exposure to fumes from building materials, solvents or other 
chemicals

• Chronic diseases: such as hypothyroidism and chronic fatigue syndrome

• Stress. Emotional or physical stress increases susceptibility.

10.1 Complications

1. Nasal polyposis: Congestion and fluid increase in the sinuses trigger inflamma-
tion. As a result, benign masses form and cause chronic obstruction in the nose.

2. Chronic Sinusitis: Congestion and fluid increase in the nasal area disrupt the 
nasal drainage and cause inflammation.

3. Middle ear infections: Congestion and increased fluid in the nasal area can 
obstruct the eustachian tube, leading to middle ear infections.

4. Disruption of daily activities: It can cause disruption of daily activities. It can 
lead to school failure or business difficulties in school children.

10.2 Diagnosis

In non-allergic rhinitis, the diagnosis is made by exclusion. First of all, allergic 
rhinitis is ruled out. Sinus problems are then ruled out. So there are no definitive 
diagnostic criteria. To exclude, respectively.
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1. Prick test: It is done to determine whether the symptoms are caused by an 
allergen. Allergens are applied to the skin and decided as positive or negative 
depending on the reaction.

2. Blood test: IgE levels are checked to measure immune response.

3. Nasal endoscopy: Pathologies such as nasal polyps and acute sinusitis are ruled 
out in endoscopy.

4. CT Imaging: Detailed imaging is performed for paranasal sinuses.

11. Treatment

Non-allergic rhinitis treatment is similar to allergic rhinitis. In treatment;

1. Avoiding causative factors: Cigarette smoke, perfume, spice or chemical 
odors should be avoided. Again, some drugs should be avoided. (Antihyper-
tensives, antidepressants, birth control drugs etc.)

2. Nasal irrigation: The use of saline nasal solutions provides both opening and 
moistening of the nose. In addition, oil-containing solutions cause further 
moistening of the nose and ensure the success of the treatment.

3. Pharmacotherapy: First of all, drug therapy should be tried. Treatment can 
be used with oral or nasal antihistamines, oral or nasal steroids, leukotriene 
antagonists [14].

• Antihistamines
Antihistamines are molecules that bind competitively to H1 receptors. They help 

us treat sneezing, runny nose and itchy nose by reducing the sensation of vascular 
permeability, smooth muscle contraction and itching.

Although first generation antihistamines are cheap, we know that there is 
serious central nervous system penetration. For this reason, unfortunately, almost 
10–40% of the patients cause severe distraction, sleepiness and concentration 
impairment. Anti-cholinergic side effects such as dryness in mucosal membranes, 
urinary retention, constipation, tachycardia, and decreased visual acuity limit the 
use of these drugs in elderly patients. In addition, the antagonistic effects of these 
drugs, which require long-term use, related to serotonin receptors, unfortunately, 
can cause weight gain. Trefenadine and astemizole are the first 2nd generation anti-
histamines and their central nervous system penetration is less than the old genera-
tion; However, they were removed from use in clinical practice due to arrhythmia 
caused by susceptible patients. Loratadine and cetirizine are generally less sedating 
new generation drugs. Levocetirizine is an enantiomer of the cetirizine molecule 
and unfortunately causes sedation at the effective doses. Fexofenadine, terfenadine; 
deslarotadine are also active metabolites of loratadine; these are sometimes referred 
to as 3rd generation antihistamines. It is reported that fexofenadine does not cross 
the blood brain barrier and therefore does not sedate. However, unfortunately, this 
is not the case in clinical use. Desloratadine is also reported to have more sedation 
and anti-cholinergic side effects [15].

Recently, anti-inflammatory effects of antihistamines have been mentioned. It is 
stated that mast cells and basophils stabilize the receptor independently by inhibit-
ing the transmembrane passage of calcium and intracellular cAMP, thus reducing 
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the release of inflammatory mediators such as histamine, tryptase and prostaglan-
din. However, many antihistamines are unfortunately unable to stabilize these cells 
at therapeutic doses. Ketotifen, olopatadine, azelastine, bepotastine and alkaftadine 
are mostly known as both H1 receptor antagonists and dual-acting antihistamines 
with mast cell stability. It is stated that some antihistamines inhibit NF-B and 
GATA3 transcription via H1 receptor and thus achieve anti-inflammatory effect.

• Corticosteroids
Corticosteroids are the first-line anti-inflammatory drugs we know best for the 

treatment of many inflammatory diseases. Although corticosteroids have well-
known side effects, we see that they are still one of the most important pharma-
cological agents. In addition to growth retardation in children, side effects such as 
metabolism disorders, glaucoma and cataract formation, immunosuppression, sup-
pression of the HPA axis, thinning of the skin, behavioral disorders and osteoporosis 
are the most common ones in all cases. Due to these restrictions arising in systemic 
use, it is mostly used intranasally in AR. Among the intranasal preparations, they 
are currently the most used pharmacological products in primary care. Although 
the anti-inflammatory mechanisms of corticosteroids are not very clear, the most 
important effects are seen as cytokine and chemokine inhibition. They bind to gluco-
corticoid receptors (GR) in the cytoplasm, dimerize and pass into the nucleus; they 
then associate with the glucocorticoid response element (GRE) and consequently 
increase the transcription of the gene codes of anti-inflammatory proteins such as 
lipocortin-1, IL-10, IL-1 receptor antagonist and neutral endopeptidase.

Glucocorticoids also cause a considerable reduction in the number of inflam-
matory cells in nasal lavage fluid. Especially, they cause a significant decrease in 
eosinophil numbers. This is due to their inhibitory functions on both IL-5 and 
GM-CSF. Currently, beclamethasone monohydrate, budesonide, flunisolide, triam-
cinolone acetonide, fluticasone (propionate and furoate), mometasone furoate, and 
ciclesonide are commercially available nasal topical corticosteroids. There are no 
significant differences in clinical efficacy between these preparations.

Local burning and stinging sensation, irritation, dryness and sometimes nose-
bleeds can be encountered as topical side effects with these preparations [15].

• Leukotriene antagocytes
Leukotrienes are inflammatory lipid mediators synthesized from arachidonic 

acid that can be produced by mast cells, eosinophils, basophils and macrophages. 
The adventure of arachidonic acid cleavage that started with the posfolipase 
A2 enzyme from the nuclear membrane continues with leukotriene synthesis. 
Arachidonic acid is metabolized to LTA4 via the 5-lipoxygenase (5-LO) enzyme. 
LTC4, LTD4 and LTE4 are then formed through different convertases. We call these 
leukotrienes “cysteinyl leukotrienes (CsyLTs)”. CsyLTs has serious bronchial smooth 
muscle contraction, mucus production, edema and vascular permeability enhanc-
ing effects. LTD4 enhances the P-selectin pathway, increasing leukocyte adhesion 
and leukocyte aggregation to the inflammation site. It also plays an important role 
in eosinophil adhesion by increasing β2-integrins. As a result of nasal provocation 
with LD4 in normal humans, it was observed that nasal mucosal blood flow acceler-
ated and airway resistance increased.

Leukotrienes can be physiologically antagonized by blocking their synthesis or 
receptors. Zileuton is a 5-LO synthesis inhibitor and it is a pharmacological product 
that can block nasal congestion in patients with AR after allergen provocation. For 
now, only montelukast, which is a Cys LT1 receptor antagonist, has been approved 
for AR and is a commercial product. Montelukast is observed to improve congestion 
during the day and at night, nasal discharge, nasal itching and sneezing, difficulty 
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falling asleep, and sleeping at night. It is thought to reduce the number of peripheral 
eosinophils and thus create an anti-inflammatory effect. However, despite all these, 
there are many publications showing that it is much less effective than intranasal 
corticosteroids in terms of these effects. Although it looks like a safe preparation in 
general; Some psychiatric side effects such as agitation, aggression, anxiety, hal-
lucination, depression, insomnia, irritability, restlessness and suicidal thoughts are 
mentioned [15].

• Nasal decongestants
These drugs slow down nasal blood flow by antagonizing α1 and α2 adrenergic 

receptors in nasal capacitance vessel endothelium. In this way, they reduce nasal 
mucosal congestion and swelling. Better results can be obtained when combined 
with an antihistamine. Pseudoephedrine and phenylephrine, which are catechol-
amines, have oral forms. Although a runny nose can improve symptoms, it has no 
effect on itching, sneezing and eye symptoms in the nose. The imidazoline deriva-
tives oxymetazoline, xylometazoline and naphazoline are suitable for intranasal 
use. Although they are fast intranasal decongestants and have fewer side effects, 
severe rebound congestion effects occur when the drug is discontinued. In some 
publications, it is mentioned that oxymetazoline inhibits T cells and cytokines such 
as IL-1β, TNF-α, IL-6 and IL-8. Some local nasal side related to these preparations.

11.1 Monoclonal anti-IgE antibodies

Omaluzimab is a humanized, recombinant, monoclonal antibody that blocks the 
binding of circulating IgE antibodies to the high affinity receptors in cells such as 
mast cells and basophil by complexing with the Ce3 region. There are many publi-
cations showing that patients with AR provide a very serious clinical benefit by sig-
nificantly decreasing circulating IgE levels. In addition, it reduces FcR1 expressions 
on mast cells in both blood and tissue. It improves the nasal symptoms and increases 
the quality of life. It is an antibody that is well tolerated and has a very low risk of 
anaphylaxis (0.9/1000 applications). There are studies showing that SIT treatment 
applied together with omalizumab is more effective in single applications. The most 
important handicap is that it is currently an expensive treatment model [15].

11.2 Capsaicin treatment, complementary and alternative medicine, surgery

Capsaicin is bound to vanilloid resertors expressed in nasal C-fibers. It has been 
observed that repeated applications to the skin or intranasally cause desensitization 
in the peripheral nerve endings. It works well in vasomotor rhinitis in which neu-
rotransmitters play an important role. It has been observed that it reduces symp-
toms such as nasal congestion, runny nose, and sneezing in AR. However, there are 
also publications showing that it has no clinical efficacy, especially in patients with 
house dust mite-sensitive PAR patients.

Nasal irrigation or irrigation with saline is a complementary treatment model 
in AR. In this form of treatment, it is ensured that the contact of the sinuses and 
pharynx with allergens and mucus is reduced. At the same time, edema in the nose 
is reduced. It has been shown that nasal saline application reduces the need for topi-
cal corticosteroids in children with AR.

It has been shown that exposure to microbes in children increases the expression 
of IL-10 and TGF-β inhibitory cytokines as well as the development of Th1-type 
immune response. There is evidence that beneficial microorganisms do this through 
toll-like respectors. Especially bifidobacteria and lactobacilli have such effects. 
There are studies showing that such probiotics can be effective in AR.
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There is no sufficient and scientific evidence that acupuncture is effective in AR.
It has been stated that UV-A and UV-B are used, and that the patients are not 

able to use drugs or get sufficient response in a few small series. In only one study 
on AR, infrared radiation therapy (FIR) has been tried. It has been stated that the 
application of the oven affects the thermo-receptors due to the heat it emits and can 
be effective by increasing the microcirculation.

Surgical intervention may be beneficial for sinusitis, nasal polyps, enlarged turbi-
nates, or nasal septal deviation, if any, that do not respond to medical treatment [15].

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 15

Islet Inflammation: The Link 
between Type 2 Diabetes and 
Pancreatic Cancer
Alpana Mukhuty

Abstract

The role of islet inflammation in type 2 diabetes (T2DM) and pancreatic ductal 
adenocarcinoma (PDAC) is complex. About 80% of pancreatic cancer patients have 
glucose intolerance or T2D. Chronic type 2 diabetes increases risk for pancreatic 
cancer, but the mechanisms are unknown. In this context two hypotheses exist: 
(i) pancreatic cancer causes diabetes and (ii) diabetes promotes the development 
of pancreatic cancer. Pancreatic ductal adenocarcinoma is the most common and 
deadly form of pancreatic cancer that is associated with diabetes. There are many 
possibilities by which obesity links to pancreatic cancer. These possibilities include 
insulin resistance, hyperinsulinemia and inflammation. Adipose tissue deposition 
near pancreas (peri-pancreatic depot) increase proinflammatory response to a 
high fat or high calorie containing diet. Inflammatory processes in the islets act 
as main mediators during the development and progression of pancreatic cancer. 
Recently, studies have been carried out to investigate the underlying mechanisms 
that contribute to tumorigenesis induced by inflammation. Tumor-elicited inflam-
mation, secretion of pro-inflammatory cytokines and migration of immune cells 
play the key roles in initiation, promotion and progression of malignant metastasis 
in pancreatic cancer. Initiation and progression of islet inflammation in diabetes 
and pancreatic cancer occurs as a result of various protein–protein interactions 
and genetic events. The increase in pancreatic cancer cases may be attributed to 
the obesity endemic and obesity mediated Type 2 diabetes. The existence of link 
between islet inflammation in chronic diabetes and pancreatic cancer cannot be 
ignored, although the details about the underlying mechanisms are not clear, and 
must be studied in detail.

Keywords: Islet inflammation, type 2 diabetes, pancreatic cancer, obesity,  
insulin resistance

1. Introduction

Type 2 diabetes (T2D) is characterized by hyperglycemia which occurs due to 
impaired insulin production and reduced pancreatic beta cell population during 
insulin resistance. Most diabetes patients are able to compensate increasing insulin 
resistance by increasing insulin production. Now the decrease in insulin secre-
tion occurs due to increased beta cell apoptosis, and the reason behind apoptosis 
remains endoplasmic reticulum stress, mitochondrial dysfunction and inflam-
mation. Since a long time T2D and pancreatic cancer have been associated and 
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development of diabetes is related to occurrence of pancreatic cancer. The causes 
behind association of T2D with pancreatic cancer may be chronic inflammation 
and common progenitor cells for endocrine and exocrine pancreas, however still 
more research is needed in this field, and every detail about diabetes and pancreatic 
cancer must be studied [1].

Firstly, Type 2 diabetes is the third most possible risk factor for pancreatic 
cancer after obesity and cigarette smoking. Studies have shown that chronic type 2 
diabetes increases risk of pancreatic cancer by 1.5- to 2.0-fold. Prediagnostic assess-
ment of glucose and insulin levels may help in early diagnosis. The reasons behind 
development of diabetes-associated pancreatic cancer remain insulin resistance, 
hyperglycemia, hyperinsulinemia, and inflammation. On the other hand, people 
diagnosed with Type 2 diabetes may be part of a population of pancreatic cancer 
patients who have been detected earlier. There are several signaling pathways regu-
lating metabolic processes which dictate cell proliferation and tumor growth. Better 
insight on the different mechanisms common in Type 2 diabetes and pancreatic 
cancer can be helpful in the development of new biomarkers and potent preventive 
or therapeutic strategies [1].

Ductal adenocarcinoma of pancreas is the fifth major cause of death in cancer 
in developed countries after lung, stomach, colorectal and breast cancer. 23% of 
the patients can live for 1 year after diagnosis and 6% of the patients have a 5-year 
survival rate due to advanced stage of cancer at the time of the diagnosis. Ductal 
adenocarcinoma of pancreas is also the thirteenth most common type of cancer and 
eight most common cause of cancer-related deaths. Here it must be mentioned that 
80% of pancreatic cancer patients have been ailing with Type 2 diabetes or compro-
mised glucose tolerance at the time of diagnosis [2–4].

Patients with ductal adenocarcinoma of pancreas and also Type 2 diabetes, have 
a record of diagnosis of diabetes less than 24 months before the diagnosis of ductal 
adenocarcinoma of pancreas in 74–88% of cases [5]. It means that Type 2 diabetes 
and ductal adenocarcinoma of pancreas show “dual causality,” while chronic Type 
2 diabetes remains a risk factor for the development of ductal adenocarcinoma of 
pancreas and, on the other hand, ductal adenocarcinoma of pancreas is also pre-
sumed to be a cause for Type 2 diabetes in many cases.

The Centre for Disease Control and Prevention recorded that ~29 million people 
in the U.S. suffered from Type 2 diabetes in 2014, while about 8 million of these 
patients have not yet been diagnosed. Also, ~86 million adults in the U.S. are known 
to be prediabetic, having a fasting plasma glucose level of 100–125 mg/dL, a 2-h 
plasma glucose level of 140–199 mg/dL, or a glycohemoglobin (HbA1c) level of 
5.7–6.4% [6]. The global increase of ductal adenocarcinoma of pancreas further 
escalates the need to understand the pathophysiology of Type 2 diabetes. Chronic 
Type 2 diabetes is established to be a risk factor for ductal adenocarcinoma of 
pancreas [7]. Type 2 diabetes is also linked with obesity, and obesity also increases 
the risk for developing ductal adenocarcinoma of pancreas [8]. Type 2 diabetes is 
also associated with defective insulin function since insulin fails to suppress hepatic 
glucose release. As a result, peripheral glucose utilization mainly by skeletal muscle, 
is compromised, with initial increase in insulin levels since the beta cells try to over-
come insulin resistance by producing more insulin [9]. With chronic Type 2 diabe-
tes, beta cells undergo failure leading to apoptosis and decreased beta cell mass [10]. 
Patients with obesity and Type 2 diabetes are likely to suffer for long time periods 
with high intrapancreatic insulin levels due to beta cell compensation to overcome 
the increasing insulin demand and to maintain glucose homeostasis. Insulin is 
released into the circulation by beta cells through intrapancreatic portal circula-
tion that also supplies blood to acinar and ductal cells near the islets. Acinar and 
ductal cells neighboring the islets may also get blood supply from intrapancreatic 
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portal circulation [11]. This close association allows high levels of islet hormones 
to directly get supplied to acinar and ductal cells, resulting in proxicrine effects 
on insulin receptors present on acinar cells and also on insulin like growth factor-I 
receptors in any differentiated cells in the region, enhancing survival and prolifera-
tion of the cells. Hence, intrapancreatic hyperinsulinemia, arising due to obesity 
and insulin resistance in prediabetic patients or in early diabetic patients contribute 
to increased risk in ductal adenocarcinoma of pancreas.

Compromised glycemic control is also associated with increased levels of 
advanced glycation end products (AGE) which activate RAGE, a receptor for AGE 
[12]. RAGE receptor belongs to the immunoglobulin super family and can bind 
to several ligands apart from AGE, including some proinflammatory cytokines 
that have role in inflammation and ductal adenocarcinoma of pancreas [12]. Also, 
activation of RAGE contributes to obesity and inflammation [13]. Excess of activa-
tion of RAGE also contribute to the higher prognosis of ductal adenocarcinoma of 
pancreas in Type 2 diabetes.

2. Mechanisms between type 2 diabetes and pancreatic cancer

The mechanism behind the association of Type 2 diabetes and pancreatic 
cancer is elaborate and include metabolic, hormonal, and immunological modifi-
cations that regulate tumor growth (Figure 1). The most presumed mechanisms 
behind the association between Type 2 diabetes and pancreatic cancer are insulin 
resistance, compensatory hyperinsulinemia and increased levels of circulating 
insulin-like growth factors (IGFs). In-vivo studies showed that islet cell turnover, 
linked with insulin resistance, is important for pancreatic cancer. Like, in hamsters, 
islet cell proliferation increase pancreatic ductal cancer [14], while destruction 
of islet cells by streptozotocin or alloxan impede pancreatic cancer prevalence 
[15, 16]. Also, biguanide metformin treatment inhibit the creation of pancreatic 
tumors by N-nitrosobis-(2-oxopropyl) amine, a potent pancreatic carcinogen. 
High-fat containing diet in hamsters normalize the islet cell turnover rate [17]. 

Figure 1. 
Association between diabetes and pancreatic cancer [1].
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Pancreatic β-cells become hyperactive, their mass increase which together led to 
insulin over secretion to combat insulin resistance. The exocrine part of pancreatic 
tissue is exposed to much higher level of local insulin concentrations than the 
amount of insulin in the circulation of hyperinsulinemic patients. Insulin also acts 
as a growth-promoting hormone which increases cell proliferation. Hence, insulin 
not only promotes cell proliferation but also increases uptake of glucose [18], and 
both of these processes are important for development and progression of tumor. 
Moreover, insulin increases the availability of insulin like growth factors by decreas-
ing hepatic production of binding proteins for insulin like growth factors [19, 20]. 
The two main properties of insulin like growth factor-1 (IGF-1) are mitogenic and 
antiapoptotic activities which increase growth of cells expressing insulin as well as 
IGF-1 receptor (IGF1R). Here it must be noted that IGF-1 and IGF1R are overex-
pressed in pancreatic cancer cells [21]. Also, IGF-1 regulated signal transduction 
elevates proliferation, invasion, and expression of different mediators of angio-
genesis and decrease apoptosis of pancreatic cancer cells as well [22–24]. IGF1R-
induced signal transduction also activates several intracellular signal pathways, 
like Ras/Raf/mitogen-activated protein kinase and phosphoinositide-3 kinase/Akt/
mammalian target of rapamycin (mTOR) pathways [25]. Decreased levels of IGF 
binding protein 1 can predict increased risk of pancreatic cancer [26]. Unusual 
glucose metabolism can also predict presence of tumor cells, since most tumors 
have upregulated insulin-independent glucose uptake mechanisms while, diabetic 
animals with β-cell destruction induced by alloxan show reduced tumor growth 
[27]. This suggests that hyperglycemia has no role in increasing neoplastic growth 
in insulin deficiency. High dietary glycemic index increases the risk of pancreatic 
cancer due to deleterious effects of high postprandial glucose and increasing insulin 
demands [28]. Type 2 diabetes and diabetes associated obesity increase the risk of 
pancreatic cancer due to increased oxidative stress and inflammation during type 
2 diabetes and also due to the link between oxidative stress and insulin resistance 
[29–32]. Antioxidant supplementation with vitamin E or α-lipoic acid can be 
preventive or curative in insulin resistance [33, 34]. Moreover, postprandial hyper-
glycemia directly increases oxidative stress leading to overproduction of superoxide 
by the mitochondrial electron-transport chain [35]. Impairment of the cellular 
redox state reduces tyrosine phosphorylation and elevates serine phosphorylation 
of insulin receptor substrate 1, which leads to impaired insulin-signaling pathway 
[35]. Moreover, obesity and macronutrient intake activate inflammatory signaling 
pathways [36, 37], and glucose and fat intake stimulate inflammation by increasing 
oxidative stress and the activating transcriptional factors such as nuclear factor-κB, 
activating protein-1 and early growth response-1 [38–40]. Also, adipose tissues 
may act as an endocrine organs to regulate the release of fatty acids, hormones, and 
cytokines like tumor necrosis factor-α, interleukin-6, and resistin [41].

Adipocytokines, which are secreted from adipocytes, are mainly involved 
in apoptosis, development, metabolism, innate immunity and inflammation. 
Proinflammatory cytokines are known to stimulate angiogenesis, tumor pro-
gression, and metastasis. During obesity or Typ2 2 diabetes altered levels or 
dysfunctions of many molecules like leptin [42], IGF-1 [43], and peroxisome 
proliferator-activated receptor-γ [44], lead to development of pancreatic cancer by 
impeding immune system.

Several genome-wide studies have shown new genetic variants that increase the 
risk of diabetes, and some of the susceptible loci already established in Type 2 dia-
betes are known to be involved in differentiation and development [45]. NR5A2 (or 
LRH1) is one such pancreatic cancer susceptibility gene identified in genome-wide 
association studies [46]. NR5A2 is a direct target of pancreatic duodenal homeobox 
(PDX-1) gene in pancreatic development and differentiation [47]. It regulates the 
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expression of developmental genes, like transcription factors hepatocyte nuclear 
factor (HNF)-3β, HNF-4α, and HNF-1β. On the other hand, NR5A2 expression 
is regulated by HNF-3β and HNF-1, so the case is regulated both ways. PDX-1 is 
necessary for pancreatic development and also for casual function of β-cell and 
secretion of insulin [48]. Mutations in HNF-1β gene is associated with maturity-
onset diabetes in the young people [49]. Better insight about the function of NR5A2 
gene in the progression and development of pancreatic cancer can be helpful in 
curbing the risk of diabetes-linked pancreatic cancer and also decipher the genetic 
mechanisms behind Type 2 diabetes and pancreatic cancer.

2.1  Genomic associations between type 2 diabetes, chronic pancreatitis and 
pancreatic ductal adenocarcinoma

Several clinical and epidemiological studies associate the risk of ductal adeno-
carcinoma of pancreas to chronic Type 2 diabetes and chronic pancreatitis (CP). 
The genetic reasons of susceptibility among all these three diseases are quite variant 
however, some reasons are common. The mechanism behind the function of these 
genes and how they influence susceptibility is not common because of the differ-
ence in methodology of identification of the genes. Interestingly, all three diseases 
share these characteristics: 1) all patients have a report of family history or familial 
clustering, which indicate shared genetic or environmental influence, 2) differ-
ence in age of patients at the time diagnosis is due to familial risk, and 3) analyz-
ing Mendelian segregation prove that in some families there are some hereditary 
components which demonstrate the common features of the gene [11]. Apart from 
genetics factors, there are epidemiological factors like obesity in diabetes, alcohol 
intake in chronic pancreatitis, and smoking in ductal adenocarcinoma of pancreas 
that may work with genetic factors to increase the risk. Several approaches have 
been evolved to discover these susceptibility genes, from family-based case control 
studies and cohort studies, from where a list of candidate genes is identified, and 
large-scale genome-wide association studies (GWAS) are conducted to search 
for single nucleotide polymorphisms (SNPs) or next-generation sequencing. The 
genetic basis of Type 2 diabetes is characterized as polygenic, having implication of 
over 50 genes [50]. Any single major gene cannot explain the genetic risk of Type 
2 diabetes except in some rare cases [51]. However, chronic pancreatitis and ductal 
adenocarcinoma of pancreas can be explained by mutations in some major genes. 
Genome-wide association studies (GWAS) have identified many low-penetrance 
common SNPs which are associated with risk of ductal adenocarcinoma of pan-
creas. Among all these three diseases, Type 2 diabetes has been studied in detail, 
which depict that Type 2 diabetes is a multifactorial disease and is genetically com-
plex. Variants of more than 50 genes have been studied which increase genetic risk. 
These genes are divided into some having modest effect like PPARG and KDNJ11, 
and others having strong association like TCF7L2, WFS1, HDF1B, FTO, CDKN2A, 
and SLC20A8. New strategies have been developed which have characterized the 
genetic basis of the disease through subclinical or related phenotypes by predis-
position of the genes [52]. Since Type 2 diabetes is a polygenic risk model, each 
genetic variant has a small effect. These genetic variants improve risk assessment 
from common risk factors like age, sex, family history and BMI (Body Mass Index) 
[53]. Family-based studies and data on pathophysiology of chronic pancreatitis 
facilitate success in explaining the genetic heterogeneity [54]. Most of the variations 
in susceptibility are due to acute and chronic pancreatitis being related to genetic 
variations among patients. Alcohol was considered to be the primary reason behind 
genetic contributions but after the discovery of PRSS1, CFTR, and SPINK1 variants 
which associated with pancreatitis the reasons have been resolved [55]. Hence, no 
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single factor can cause pancreatitis, and majority of cases having acute and chronic 
pancreatitis have multiple variants of a gene, or multiple genes having epistatic 
interactions, or genetic factors coupled with environmental cues.

The genetic predisposition to ductal adenocarcinoma of pancreas is difficult due 
to the poor collection and analysis of biospecimens from patients owing to their 
low survival rate. Alike Type 2 diabetes and chronic pancreatitis, ductal adenocar-
cinoma of pancreas is also genetically heterogeneous. The identification of suscep-
tibility genes has led to discovery of some rare gene mutations which are associated 
with cancer syndromes linked with common single nucleotide polymorphisms 
(SNPs). Study designs on family hierarchy and case-controls have led to discovery 
of mutations in known syndrome-associated genes, like BRCA1, BRCA2, CDKN2A, 
and CFTR. Moreover, next-generation sequencing has led to identification of 
additional mutations like PALB2 [56] and ATM [57]. Patients with sporadic ductal 
adenocarcinoma of pancreas carry germline mutations in major genes [58] and it 
changes the present knowledge for risk assessment. Large numbers of sporadic cases 
of ductal adenocarcinoma of pancreas and healthy subjects have exposed SNPs 
in chromosomal regions containing ABO, TERT, and CLPTM1L and other genes. 
Nevertheless, risk modeling using GWAS SNPs cannot provide sufficient genetic 
information that can improve prediction of pancreatic cancer [59].

2.2  Role of obesity and pancreatitis mediated inflammation in pancreatic ductal 
adenocarcinoma

Obesity is linked with an elevated risk of cancer, including pancreatic cancer 
[60]. The observed increase in pancreatic cancer epidemiology and deaths can be 
partially attributed to obesity taking the form of an endemic disease. Obesity can 
lead to pancreatic cancer, insulin resistance, hyperinsulinemia and inflammation 
by many possible ways [61]. Pancreatic cancer development can be attenuated in 
genetically engineered mouse model by using nonsteroidal anti-inflammatory 
drugs, which indicate that tissue inflammation plays an important role in this dis-
ease [62]. Tissue inflammation during obesity creates a perfect microenvironment 
for tumor initiation and promotion. Besides obesity, increase in BMI and visceral 
adiposity bears a strong link with metabolic diseases and gastrointestinal cancers, 
together with pancreatic cancer [63]. The accumulation of adipose tissue near the 
pancreas (peri-pancreatic depot) lead to an enhanced proinflammatory reaction 
in response to high-fat or high-calorie containing diet compared to peri-gonadal 
depot [64]. The association between adipose tissue depot-specific reactions to diet-
induced obesity and the effect of these adipose tissue depots on cancer development 
is very crucial to understand the connection between body condition and risk of 
cancer. Moreover, high-fat or high-calorie containing diet increases the progression 
of pancreatic intraepithelial neoplasia, which is a known precursor of ductal adeno-
carcinoma of pancreas, and this accelerates the incidence of pancreatic cancer in an 
invasive and metastatic manner in conditional KrasG12D mouse model [65, 66].

2.3 Mechanisms behind type 2 diabetes in pancreatic ductal adenocarcinoma

To be specific, prevalence of Type 2 diabetes among ductal adenocarcinoma 
of pancreas patients is really very high. Type 2 diabetes is found in 47% of ductal 
adenocarcinoma of pancreas patients compared with only 7% of healthy subjects, 
and a normal fasting glucose occurs in 59% of healthy subjects, while it is found 
only in 14% of ductal adenocarcinoma of pancreas patients [5] (Figure 2). In 74% 
of ductal adenocarcinoma of pancreas patients with diabetes, diabetes is diagnosed 
within 24 months before the diagnosis of ductal adenocarcinoma of pancreas [67]. 
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This remarks that in most of the patients, new-onset diabetes is due to the tumor 
and this diagnosis of diabetes may be a useful “biomarker” for the diagnosis of duc-
tal adenocarcinoma of pancreas. Although known risk factors for Type 2 diabetes 
like obesity, age and family history of diabetes are also the common risk factors in 
case of risk factors for ductal adenocarcinoma of pancreas, the occurrence of Type 2 
diabetes in ductal adenocarcinoma of pancreas is pretty higher than the occurrence 
of Type 2 diabetes among all other common types of cancer. Type 2 diabetes is 
found in 68% of patients with ductal adenocarcinoma of pancreas while it occurs 
in 14.8–23.5% of patients with breast, colon, lung, and prostate cancers [68]. Also, 
insulin resistance is common in patients with both ductal adenocarcinoma of 

Figure 2. 
Prevalence of type 2 diabetes in ductal pancreatic adenocarcinoma [5, 11].
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pancreas and Type 2 diabetes, while many patients with ductal adenocarcinoma of 
pancreas undergo weight loss. Deteriorating glycemic control along with weight 
loss occurs in ductal adenocarcinoma of pancreas along with its incidence in Type 2 
diabetes. These common characteristics give alert to the clinicians for the possibility 
of ductal adenocarcinoma of pancreas -associated diabetes. New-onset diabetes 
associated with ductal adenocarcinoma of pancreas can be cured after tumor resec-
tion, if there are enough islets left in the pancreatic tissue. Several reports show 
that Type 2 diabetes improves after resection of pancreatic tumors [69]. 57% of the 
patients with new-onset diabetes get cured of diabetes post operation of pancreatic 
tumors, while all of ductal adenocarcinoma of pancreas patients with long-standing 
diabetes cannot be cured of diabetes even after pancreatic resection [5] (Figure 3). 
These data strongly support that new-onset diabetes is associated with ductal 
adenocarcinoma of pancreas and it can be a paraneoplastic phenomenon, where 
malignancy interferes with insulin secretion or insulin function, finally leading to 
Type 2 diabetes. Numerous studies have tried to identify the mechanisms behind 
Type 2 diabetes caused by ductal adenocarcinoma of pancreas or the genomic and 
protein markers of Type 2 diabetes caused by ductal adenocarcinoma of pancreas. 
Connexin 26, a gap junction protein, is highly overexpressed in islets of ductal 
adenocarcinoma of pancreas patients with Type 2 diabetes [70], and a pancreatic 
ductal adenocarcinoma -derived S-100A8 N-terminal peptide is a diabetogenic 
agent [71, 72] which is also upregulated patients with ductal adenocarcinoma of 
pancreas associated with new-onset diabetes. Vanin-1 and matrix metalloprotein-
ase 9 can also act as predictors of ductal adenocarcinoma of pancreas associated 
diabetes [73]. Vanin-1, is also overexpressed during inflammation, which means 
that mediators of inflammation play an important role in damaged islet function 
and insulin function in ductal adenocarcinoma of pancreas. Pancreatic Polypeptide 
(PP) release increases in Type 2 diabetes, and a deficit in PP response due to nutri-
ent ingestion can transform into new-onset diabetes caused by pancreatic exocrine 

Figure 3. 
Prevalence of type 2 diabetes after pancreaticoduodenectomy for ductal pancreatic adenocarcinoma [5, 11].
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disease. Basal and meal-stimulated PP release significantly decreases in patients 
with diabetes associated with ductal adenocarcinoma of pancreas localized in the 
head of pancreas in comparison to patients with Type 2 diabetes [11].

2.4 Significance of type 2 diabetes in pancreatic ductal adenocarcinoma

Some researchers say that diabetes does not contribute to earlier diagnosis or 
clinical features or tumor size or prognosis of pancreatic cancer [74], although, 
previous studies had established that diabetes can predict pancreatic cancer [75]. 
A study compared diabetic and non-diabetic patients and observed a worse overall 
mortality and median survival in diabetic patients [76]. In another study, patients 
with diabetes had a better overall survival [77]. On the other hand, Type 2 diabetes 
is known to confer a poor survival in ductal adenocarcinoma of pancreas patients 
[78]. Actually, gender and mean age of the patients in these two studies regulated 
the number of comorbidities, time of diabetes and also time for development of 
complications in diabetes [75]. Use of preventive medicine, frequent clinical follow-
up and earlier diagnosis of ductal pancreatic adenocarcinoma can generate a better 
median survival.

3. Future perspectives of dealing with pancreatic ductal adenocarcinoma

The explanation of hormonal [79], paracrine [21] and autocrine [22, 23] media-
tors of pancreatic cancer and its association with new-onset diabetes can be helpful 
in pathogenesis and showing new therapeutic targets. A better explanation of the 
epidemiology of pancreatic cancer, is poorly controlled diabetes or it can be an 
intrinsically genetic [8] or epigenetic [80–82] or immunologic [83, 84] or gastroin-
testinal microbiota [85, 86] or tissue microenvironment which are characteristic of 
Type 2 diabetes [87–89] patients progressing towards pancreatic cancer.

The various techniques like gene sequencing, lymphocyte flow cytometry, 
mRNA profiling, PCR studies and microbe identification microarray from Type 
2 diabetes patients in different stages of progression can help in early diagnosis 
and prevent diabetic complications in pancreatic cancer and diabetes. Molecular 
biomarkers can be very crucial to diagnose patients with new-onset diabetes who 
should be tested with endoscopic ultrasound for identifying pancreatic cancer [75]. 
Hyperinsulinemia can negatively predict value development of new-onset diabetes 
associated with pancreatic cancer if all other hormonal, paracrine or autocrine 
factors play against development of insulin resistance [75].

Metformin, a well-known medication for Type 2 diabetes, improves survival in 
pancreatic cancer patients and has prognostic effects [90]. The knowledge available 
on the mechanism of action of metformin helps in the understanding of the ductal 
adenocarcinoma of the pancreas cancer pathways [75].

4.  Altered intracellular metabolism in pancreatic ductal 
adenocarcinoma

Deregulated systemic physiology is the effect of disruption of energy homeo-
stasis, and metabolic processes within the cells of a pancreatic tumor can also be 
knowledgeable [91]. Malignant cells of a pancreatic tumor, have alterations that 
are mediated by both oncogene-driven programs and also by the rare physiology 
of tumor. Pancreatic tumors have a dense, fibrotic stroma which inhibits vascular 
function and also disrupts delivery of nutrients and oxygen [92]. Mutant Kras 
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expression regulates metabolic networks facilitating redox balance, bioenerget-
ics, and anabolic metabolism for better survival and cell proliferation under these 
poor circumstances [93–95]. Nutrients recycled by autophagy fuel these pathways 
[96, 97] and also the nutrients scavenged by nonspecific bulk extracellular space 
engulfment or by micropinocytosis [98] as well as overexpressed nutrient importers 
help in regulating these pathways [93, 99]. Together, the regulation of metabolism 
of pancreatic cancer cells are controlled by oncogene-driven pathways, and they 
engage nutrient scavenging mechanisms as well as improve nutrient utilization to 
overcome the problems of insufficient vascularization [91].

Malignant cells constitute 10% of the total cellular content of a pancreatic tumor 
[92]. As a result, the non-malignant cells help in shaping the metabolic condition 
and facilitate tumor growth [91]. These processes can be divided into 2 types: First, 
the cooperative reactions between non-malignant cells and malignant cells support 
the metabolism in cancer cells, and second, the reaction between malignant and 
non-malignant cells is competitive and it happens between tumor cells and the 
antitumor immune reaction [100].

One main cooperative reaction is the nutrient exchange pathway that occurs 
between pancreatic cancer cells and activated pancreatic stellate cells (PSCs) 
[101]. Pancreatic cancer cells are known to induce autophagy in the PSCs. As a 
result, protein breakdown occurs through autophagy and nonessential amino acids 
are released. Now, the pancreatic cancer cells engulf alanine and utilize it to in 
mitochondrial metabolism and also in the biosynthesis of cellular building blocks. 
Here it must be mentioned that alanine can be used in metabolism in replacement 
of glucose and glutamine, and the biosynthetic substrates also aid in cancer cell 
metabolism. If this metabolic crosstalk pathway is blocked or inhibited by suppress-
ing autophagy particularly in the PSCs then it can lead to a dramatic decrease in 
tumor growth. Interestingly, pancreatic tumors can suppress immune responses and 
are highly resistant to immunotherapies [102]. Local nutrient depletion and waste 
accumulation indeed play important roles in aiding tumor immune suppression 
[100]. Moreover, Cytotoxic T-cells, are intrinsically less apt at obtaining nutrients 
than oncogene-driven cells, and they are compelled to compete for the limited 
nutrients like carbohydrates and amino acids, in a tumor microenvironment, and 
later result in defective antitumor immune response. The compromised antitu-
mor T-cell response in melanoma and sarcoma is directly connected with glucose 
deprivation [103, 104], while high titres of lactate aid in the polarization of anti-
inflammatory macrophages [105]. Mutant Kras-expressing pancreatic cancer cells 
vigorously consume glucose and then release lactate (so-called, Warburg metabo-
lism) [93], and all of these mechanisms result in suppressed immune function in 
pancreatic cancer. Moreover, M2 type anti-inflammatory macrophages and cancer 
cells can exhaust tumors of amino acids such as arginine and tryptophan [106]. 
These processes also restrict antitumor T-cell responses and aids the differentiation 
of T-cells into anti-inflammatory T-regulatory cells.

5.  Role of bariatric surgery in obesity and pancreatic ductal 
adenocarcinoma

Premorbid obesity unpleasantly influences ductal adenocarcinoma of pancreas 
associated mortality in a dose-dependent manner [107, 108]. A high BMI is also 
linked with an increased risk of ductal adenocarcinoma of pancreas [107, 108]. 
The etiology of obesity-linked diseases starts with excess energy and deposition of 
triglyceride in the adipose tissue. This excess of triglyceride cannot be completely 
deposited in the adipose tissue, hence ectopic fat deposition occurs in various 
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organs like liver and pancreas. Triglyceride deposition in the liver leads to oxidative 
stress and inflammation, resulting in cirrhosis, steatohepatitis and hepatocellular 
carcinoma. Similar mechanisms occur in the pancreas. Free fatty acids and inflam-
matory mediators remain in high amounts in the pancreas of obese high fat fed mice 
[109], and this accelerates tumor growth [110]. Fat depots in liver and pancreas 
increase in obese individuals. After bariatric surgery, weight loss occurs, and 
hepatic and pancreatic fats rapidly disappear [111]. After weight loss, insulin resis-
tance and circulatory levels of inflammatory factors also rapidly normalize [112]. 
Weight loss occurring after bariatric surgery decreases cancer mortality by 40–60% 
[113, 114]. Also, the risk of ductal adenocarcinoma of pancreas is significantly lower 
among the patients who have undergone bariatric surgery [115]. Nevertheless, bar-
iatric surgery is restricted to individuals with high obesity (mean BMI >40 kg/m2). 
Substantial weight loss (mean > 30% total body weight) occurs in these individuals 
after bariatric surgery. Moreover, intentional weight loss by bariatric surgery or 
changes in lifestyle or pharmacotherapy or less invasive surgical or endoscopic 
procedures also helps in reducing the risk of cancer in obese patients [115].

6.  Role of visceral and Peripancreatic fat in pancreatic ductal 
adenocarcinoma

BMI is a well-known marker for adiposity, and can also be linked with insulin 
resistance, metabolic syndrome and gastrointestinal malignancies, like ductal 
adenocarcinoma of pancreas [116]. Highly inflamed visceral adipose tissue (VAT) in 
obese patients remains the main reason behind metabolic dysfunction and gastro-
intestinal cancer due to the close proximity of the visceral organs with the portal 
system. VAT has a high correlation with occurrence of ductal adenocarcinoma of 
pancreas. Interestingly, conditional KRasG12D (KC) mice fed high-fat and high 
calorie containing diet gained more weight than the standard diet fed mice and 
ended up developing hyperinsulinemia and hyperleptinemia with extensive VAT 
expansion and high inflammation [64, 65, 117]. These obese KC mice had highly 
inflamed pancreas and were more prone to develop ductal adenocarcinoma of 
pancreas than the control mice fed on standard diet and this occurred in the male 
mice, which meant that the sex hormones had a role in it [117]. Interestingly, the 
increased incidence of pancreatic ductal adenocarcinoma in obese KC mice was 
largely seen in male mice, suggesting a role for sex hormones in this process, since 
the female mice gained more adipose tissue subcutaneously [64, 65, 117].

7. Role of gut microbiome in pancreatic ductal adenocarcinoma

Human microbiome has gained a lot of popularity recently to tackle prevention, 
as well as early diagnosis, and treatment of ductal adenocarcinoma of pancreas, 
since many diseases have now started to be linked with composition of microbiome 
[118–120]. The composition of microbiome also interferes with development of 
ductal adenocarcinoma of pancreas and its relation with diabetes, obesity, and 
inflammation [121]. Ductal adenocarcinoma of pancreas is an inflammation-medi-
ated cancer and gut microbiome can stimulate chronic inflammation via changes 
in molecular pattern recognition receptors. These pattern recognition receptors 
and their downstream signaling cascade leads to the incidence of inflammation-
mediated cancers. These bacteria regulate the efficiency of calorie absorption in the 
intestines and hence lead to obesity. Many diseases like Type 2 diabetes, obesity, 
and chronic pancreatitis are linked with chronic inflammation, which also result in 
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ductal adenocarcinoma of pancreas [122]. Moreover, alteration of oral microbiome 
increases risk of ductal adenocarcinoma of pancreas, and it can be a useful bio-
marker of the disease. Specific abundance in certain oral bacteria and gut microbi-
ome in pancreatic secretions or fecal matter may be associated with risk of ductal 
adenocarcinoma of pancreas, hence these knowledges can help in preventing or in 
early diagnosis of ductal adenocarcinoma of pancreas [122].

8. Role of inflammation in pancreatic ductal adenocarcinoma

As already mentioned above, chronic inflammation in pancreas or chronic 
pancreatitis is a major reason behind ductal adenocarcinoma of pancreas. Activated 
PSCs play a key role in progression of chronic pancreatitis. Activation of PSCs 
is also increased by cytokines secreted from injured acinar and immune cells. 
The mechanisms underlying triggering of macrophages and survive the fibrotic 
processes by reacting with PSCs, if interfered end in suppression of inflammation 
and fibrosis in chronic pancreatitis [123]. Alcohol and smoking are also potent 
risk factors for chronic pancreatitis and ductal adenocarcinoma of pancreas. IL-22 
signaling during inflammation and cross talk between immune cells and PSCs is one 
of the signaling involved in smoking-induced progression of chronic pancreatitis 
[124]. The other pathways that are behind progression of ductal adenocarcinoma of 
pancreas are IL-6 and histone deacetylases in immune and cancer cell interactions, 
which together mean that immune signals are key factors in promoting pancreatitis 
and pancreatic cancer progression [125]. However, most cases of ductal adeno-
carcinoma of pancreas are resistant to immunotherapies treatment with immune 
checkpoint antibodies because inflammatory processes are important in promoting 
the malignant transformation, growth, and metastasis of pancreatic cancer. For 
example, Kras mutations stimulate profuse cytokine and chemokine secretion 
in tumor epithelial cells and recruit immune cells like macrophages, dendritic 
cells (DCs), and myeloid-derived suppressive cells, all of which stimulate tumor 
growth and progression. So, all these cells need to be reprogrammed in ductal 
adenocarcinoma of pancreas to create a favorable immunostimulatory environment 
for efficient immunotherapy. Since, ductal adenocarcinoma of pancreas is often 
followed by metastatic relapse even after complete surgical pancreatic resection, 
the newly developed cancer cells fail in immunotherapy, which means that a better 
knowledge about the factors affecting metastasis is important for the development 
of more effective immunotherapies and treatments [126]. Early metastases are 
linked with dense networks of CD11b + CD11c + MHC-II + CD24 + CD64 and low 
F4/80 cells, and all of these cells develop from monocytes and aid in promoting 
metastasis by increasing regulatory T-cells and suppressing the development of 
cytotoxic T-cells. Phenotypically similar dendritic cells are seen to accumulate at 
primary and secondary sites in pancreatic portions of ductal adenocarcinoma of 
pancreas patients [127]. Dendritic cells can be reprogrammed into immunostimula-
tory antigen-presenting cells in tumor metastasis, which is one of the most popular 
immunotherapeutic strategies at present. Another strategy is based on the avail-
ability of tumor-binding immunoglobulin G antibodies along with some dendritic 
cell-stimulating molecules which help the enable tumor-associated dendritic cells 
to uptake, process, and present a variety of tumor antigens to T-cells. Then the 
T-cells proliferate and attack the tumors throughout the host. This technique can 
eradicate metastases, and also primary tumors in many types of cancers, including 
ductal adenocarcinoma of pancreas by overcoming tumor-mediated immunosup-
pression [128]. But the tumor cells tend to enter into the circulation and metastasize 
and end up colonizing distant organs [129]. Metastatic ductal adenocarcinoma of 
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pancreas has many epigenetic modifications in the primary tumor. While the cancer 
cells circulate in clusters and colonize different organs, the establishment of a new 
premetastatic niche in a new organ includes proinflammatory processes, exosomes 
and immune cells [130]. All of this information can help in developing new thera-
peutic approaches targeting different agents for primary ductal adenocarcinoma of 
pancreas and also in its metastasis.

9. Conclusion

Ductal adenocarcinoma of pancreas is a very challenging malignancy with a high 
incidence and high lethality. Moreover, the disease has intricate relationships with 
diabetes and obesity. Type 2 diabetes has its own risks and can be both a risk factor 
for ductal adenocarcinoma of pancreas as well as an early manifestation of the 
disease. Obesity is also strongly associated with increasing risk of ductal adenocar-
cinoma of pancreas. However, every detail about all these diseases and their associa-
tion is not fully understood, particularly the specific mechanisms that contribute 
to ductal adenocarcinoma of pancreas are not clear, which makes the diagnosis 
and treatment of ductal adenocarcinoma of pancreas very difficult. Hence present 
research is targeted in bringing out all the minute details and the mechanisms to 
tame this malignancy and preferably find a cure or a preventive mechanism or at 
least a better biomarker in near future.
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Chapter 16

Hypomelanosis Secondary to 
Cutaneous Inflammation
Behzad Dalvand

Abstract

Hypomelanosis is a prevalent skin disorder in individuals with dark skin. 
Numerous inflammatory skin disorders cause hypomelanosis, even depigmenta-
tion. Its pathogenesis remains unknown, but it can be attributed to changes in 
melanin production in response to inflammation. The clinical manifestations, 
often including lesions with ill-defined borders limited to the site of inflammation, 
mostly appear in individuals with dark skin. The most important way to manage 
PIH is to effectively treat the underlying skin disorder that has led to it, however, 
medical therapy and phototherapy can be helpful, as well.

Keywords: PIH, hypomelanosis secondary to inflammation, depigmentation, 
pathogenesis, melanocytes

1. Introduction

Hypomelanosis is a prevalent skin disorder in dark-skinned Individuals. The 
numerous skin diseases that cause hypomelanosis include psoriasis, mycosis 
fungoides, sarcoidosis, pityriasis lichenoides chronica, lichen striatus, lupus ery-
thematosus and lichen sclerosus. Different clinical pictures of lesions and multiple 
factors in developing post-inflammatory hypopigmentation (PIH) constitute a 
diagnostic challenge for dermatologists.

1.1 Pathogenesis

Although many studies have addressed PIH, its exact etiology remains unknown 
and needs the assistance of cytologists. PIH is actually caused by a disorder in 
melanocyte-keratinocyte interactions. The release of inflammatory agents can 
be involved in the synthesis of melanin or transfer of melanin to keratinocytes, 
especially by inhibiting the transfer of melanin from melanocytes to keratinocytes. 
Melanocytes can respond by changing melanin production in response to posttrau-
matic stress and inflammation.

Individuals inherit chromatic tendency in the predominantly autosomal domi-
nant form. Hypopigmentation can develop as a result of damage to melanocytes, 
especially in patients with weak melanocytes. It is worth noting that melanocytes 
can be weak even in individuals with fair skin. Different factors control melanogen-
esis as a complex process that involves the synthesis, transfer and release of mela-
nin. PIH is mostly caused by the inhibition rather than destruction of melanocytes. 
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Moreover, severe inflammatory responses of the skin can cause melanocyte loss or 
death and thus pigmentation changes.

1.2 Clinical manifestations

The clinical manifestations, often including lesions with ill-defined borders 
limited to the site of inflammation, mostly emerge in individuals with dark skin, 
especially in those prone to hypopigmentation or even depigmentation. They are 
associated with diagnostic challenges, especially in children, as they can be associ-
ated with minor or asymptomatic variations.

The clinical features normally vary based on the primary skin lesions and the 
lesion margins are often blurred.

The rate of hypopigmentation varies with the age and severity of the cutane-
ous lesions and severity of the inflammation. Identifying the underlying cause of 
hypopigmentation can be difficult upon the patient admission, as inflammation of 
advanced lesions may decrease in severity or even gradually disappear (Figure 1). 
A complex description and frequent examinations are therefore required in these 
cases. Biopsy and histological examinations are also required in the absence of 
inflammatory symptoms.

1.3 Treatment

The most important treatment is to effectively treat the underlying skin disorder 
that has led to PIH because PIH usually improves over time.

UVB phototherapy and epidermal melanocyte transplantation can help treat 
completely-destroyed or depigmented melanocytes. Photo protection, apply 
broad spectrum (UVAUVB) SPF 30 or 50 and reapply every 2–4 hours self-
tanner (dihydroxyocetonc). Applying topical ironoxide (3%) can effectively 
protect the skin against blue visible light, especially in dark-skinned patients 
with PIH.

Figure 1. 
Psoriasis, showing multiple-well dermarcated hypopigmented lesions.



257

Hypomelanosis Secondary to Cutaneous Inflammation
DOI: http://dx.doi.org/10.5772/intechopen.96256

2. Diseases of PIH

2.1 Pityriasis alba

2.1.1 Introduction

Pityriasis albais a prevalent benign but chronic and inflammatory dermatosis 
and a minor skin feature of atopic dermatitis that mostly emerges in 3 to 16-year-old 
individuals. Its prevalence is 1.9%–9.9% in children and up to 5%, especially when 
coupled with atopic dermatitis.

2.1.2 Pathogenesis

Different mechanisms can be considered for explaining the still-unknown 
etiology of pityriasis alba. A history of atopic dermatitis constitutes a pathogenic 
factor in pityriasis alba.

A Positive Relationship between health habits and pityriasis alba, frequent 
bathing and excessive washing may contribute to the lesion.

Nutritional factors and copper deficiency are also effective. Tyrosine in dermal 
cells involved in producing melanin is activated by copper. Pathological examina-
tions with electron microscopy and light microscopy showed decreases in the 
number and size of melanosomes in the affected skin [1].

2.1.3 Clinical manifestations

The eruptions usually appear as round or oval macules or patches with an indis-
tinct border with or without slight and often asymptomatic scales (Figure 2). The 
lesions normally become more visible in summer and may initially appear pink in 

Figure 2. 
Pityriasis alba: A common disfiguring hypomelanosis, which, as the name indicates, is a white area (alba) 
with very mild scaling (pityriasis). It is observed in a large number of children in the summer intemperate 
climates.
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a way that the erythema subsides and turns white with powdery appearance and a 
pink border within a few weeks. With a size of 5–30 mm, the lesions mostly involve 
the face. Direct examination of scrapings with 10% KOH and slit-skin smear are 
respectively used to diagnose tinea versicolor and leprosy, and Wood’s lamp exami-
nations are performed for distinguishing vitiligo and the diseases associated with 
hypopigmentation.

It is mostly a cosmetic problem in persons with brown or black skin and commonly 
occurs on the face, as in this child. Among 200 patients with pityriasis alba, 90% 
ranged from 6–12 years of age. In young adults, PA quite often occurs on the arms  
and trunk [2].

2.1.4 Treatment

If pityriasis alba is left untreated, it can turn chronic and recurrent, although it 
self-heals in most cases after puberty. Topical steroids class V help reduce the lesion 
inflammation caused by pityriasis alba. Calcineurin inhibitors such as pimecrolimus 
cream1% and tacrolimus ointment 0.3% or 0.1% with anti-inflammatory properties 
can positively affect and activate tyrosinase and thus increase melanin synthesis [3]. 
Narrow-band UVB and excimer light or excimer laser treatment also yields proper 
responses through 5–10 treatments of 308 nm excimer laser.

2.2 Cutaneous lupus erythematosus

2.2.1 Introduction

Cutaneous lupus erythematosus is more prevalent in women with dark skin, 
especially in their fourth decade of life. One to five percent of the patients may 
progress to systemic lupus erythematosus.

2.2.2 Pathogenesis

Trauma and UVR may have been involved in the onset and exacerbation of 
symptoms in a person with a predisposed background. Photosensitivity is also 
observed in 50% of the patients. Histologic examinations can suggest lympho-
cytic interface dermatitis with basal layer degeneration (hydropic degeneration), 
keratinocyte apoptosis, basement membrane thickening (greatest in discoid lupus 
erythematosus), perivascular and periadnexal lymphohistiocytic infiltrate, follicu-
lar plugging, cutaneous mucinosis, epidermal atrophy, fibrosis, hypomelanosis and 
amelanosis, which are observed especially in the center of the lesions.

2.2.3 Clinical manifestations

As the most prevalent manifestations, sharply demarcated lesions in discoid 
lupus erythematosus (DLE) can be round, justifying the term “discoid”. The face 
and scalp constitute the most commonly affected sites.

DLE lesions are usually asymmetric and asymptomatic with a well-defined and 
elevated margin, which explains their red to violaceous color. These lesions often 
appear atrophic and hypopigmented or depigmented, especially in black individuals 
with prominent follicular plugs (Figure 3). Their hypopigmented center is often 
surrounded by a hyperpigmented margin.

Systemic lupus erythematosus can be assessed by performing a complete blood 
count, an erythrocyte sedimentation rate and an antinuclear antibody test.
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2.2.4 Treatment

Initial treatment options include topical steroids, intralesional steroids, anti-
malarial medications such as Hydroxychloroquine, and acitretin. High-potency 
corticosteroids are recommended for the facial lesions.

Intralesional triamcinolone, commonly at a concentration of 4 to 5 mg/ml, can 
be very effective especially in active discoid lesions.

Reports suggest the successful application of new topical immunomodulators 
such as tacrolimus to cutaneous lesions.

2.3 Systemic sclerosis (scleroderma)

2.3.1 Introduction

As a collagen vascular disease with cutaneous fibrosis as its skin manifestation, 
systemic sclerosis causes skin tightening and pigmentary changes. The incidence 
and prevalence of scleroderma are respectively below two per million and 25 per 
million [4, 5].

2.3.2 Pathogenesis

Abnormal immune responses, vascular dysfunction and activation of connective 
tissue cells have been reported in genetically-predisposed individuals. Different 
environmental and occupational factors such as silica and [6]. organic solvents can 
be involved.

Electron microscopy shows depigmentation, loss of melanocytes and degenera-
tive changes.

Figure 3. 
Discoid lupus erythematosus; there are well-defined, erythematous, scaling lesions with a pigmented margin 
and central depigmention and behind the ear in this west Indian.
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2.3.3 Clinical manifestations

The clinical patterns of the disease include limited cutaneous systemic sclerosis, 
which is limited to distal limbs, reaches up to the knees and elbows and usually 
involves the face.

The patients may present only with fibrosis of the fingers. The other pattern, 
diffuse cutaneous systemic sclerosis, involves the trunk in its early stages and 
facial involvement is uncommon. This type is often associated with more systemic 
involvements and a worse prognosis.

Systemic sclerosis can cause diffuse hyperpigmentation that is exacerbated 
in sun-exposed areas, a specific manifestation of leukoderma. A combination of 
hypomelanosis and hypermelanosis can be present in the sclerotic and non-sclerotic 
skin areas of patients with systemic sclerosis, especially on their hands. Leukoderma 
emerging as complete depigmentation can be comorbid with supravenous hyper-
pigmentation and perifollicular macules (Figure 4). This type of leukoderma can 
suggest suspected systemic scleroderma.

Histological examinations with an electron microscope shows complete or 
partial loss of melanocyte pigmentation coupled with degenerative changes.

It is actually a collagen vascular disease with some degree of cutaneous fibrosis 
that causes skin tightening.

2.3.4 Treatment

Topical and intralesional steroids are recommended for the inflammatory stages. 
Topical tacrolimus, calcipotriol and imiquimod have been also used. Combination 
therapies used in the absence of responses include calcipotriol and betamethasone 
or imiquimod or low dose PUVA alone or with calcipotriol.

Figure 4. 
“Salt and pepper” sign Leukoderma with the retention of perifollicular pigmentation in a patient with 
systemic sclerosis.
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2.4 Hypopigmented mycosis fungoides (HMF)

2.4.1 Introduction

HMF is a variant of early MF, which is more prevalent in black individuals. HMF 
mostly affects ages of 30–40 years, although this type can involve 25–50% of chil-
dren and adolescents. In fact, it is a prevalent type of MF in children. As a prevalent 
condition in the Middle East, HMF can be misdiagnosed as pityriasis alba or tinea 
versicolor in children. A study reported HMF in18 out of 34 subjects and 29 out of 
50 adolescents and children [7].

2.4.2 Pathogenesis

Mycosis fungoides is a cutaneous T-cell lymphoma with a major phenotype of 
C8+T cells and a pathogenic similarity to vitiligo. Given the absence of clinically 
hypopigmented lesions in the majority of patients with mycosis fungoides and T 
cells, presence of cytotoxic T cell phenotypesis not adequate for inducing hypopig-
mentation. Although electron microscopy shows melanosome degradation in 
melanocytes and keratinocytes, the large number of normal melanosomes found in 
melanocytes suggests a defect in melanosome transfer.

2.4.3 Clinical manifestations

Patients with mycosis fungoides May present with hypopigmented patches and 
plaques, usually associated with mild erythema and pruritus (Figure 5). The lesions 
are distributed more in the trunk and proximal areas of the limbs, especially in the 
non-exposed areas. Closer examinations show erythematous lesions.

Figure 5. 
Mycosis fungoides, hypopigmented patches.
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2.4.4 Treatment

Repigmentation following treatments can be a sign of their effectiveness. 
Despite being the only manifestation of conventional mycosis fungoides, HMF is 
better in terms of its prognosis [8].

One year of treatment with a combination of steroids and tacrolimus, twice a 
week, was reported to significantly improve hypopigmented patches and cause no 
recurrence of lesions, and UVB phototherapy, 2–3 times a week, was found to yield 
proper responses [9].

2.5 Hypopigmented sarcoidosis

2.5.1 Introduction

Hypopigmented sarcoidosis is a multisystem granulomatous disease that 
affects organs such as the lungs, eyes and skin as well as lymph nodes. The exact 
cause of hypopigmentation in sarcoidosis is unknown. Cutaneous manifestations 
have been reported in one- quarter to one-third of patients with systemic sarcoid-
osis. The prevalence of the lesions with different morphologies has been reported 
as high as 60% in black individuals. The prevalence is also twice in females than 
in males.

2.5.2 Pathogenesis

Sarcoidosis can be caused by autoimmune reactions or genetic processes given 
the existing racial and ethnic differences. HLA haplotype diversity patterns can 
explain different manifestations between different races. This disorder is histopath-
ologically categorized as a granulomatous disease given the non-caseating granulo-
mas found in the dermis. Electron microscopy also shows vacuolated melanocytes 
and decreases in the number of melanosomes in keratinocytes. Granulomas mainly 
include epithelioid cells and occasionally giant cells, with lymphocytic infiltration 
around granulomasin the absence of caseous necrosis.

2.5.3 Clinical manifestations

The most prevalent skin manifestations of sarcoidosis include small erythem-
atous-violaceous papules 3–5 mm. Sarcoidosis often initiates in an acute state and 
then becomes chronic. With a peripheral scaly marginand a hypopigmented center 
(Figure 6), the annular lesions are usually limited to the head and neck with a 
poor prognosis. A rare cutaneous form with patches or plaques usually appearing 
1–10 mm in size mainly involves the trunk and face. Erythematous papules in the 
center of the patches resemble a fried egg [10].

The patients are often asymptomatic and usually diagnosed through radiological 
examinations. A skin biopsy and pathological examinations may also be ultimately 
required.

2.5.4 Treatment

Although acute sarcoidosis is a self-healing conditions, cutaneous sarcoidosis 
with systemic involvement can be treated with 1 mg/kg/day of prednisolone as an 
oral steroid to cleanse the skin lesions. The localized skin manifestations can be 
treated only with topical steroids or intralesional injections. Anti-TNF biologic 
medications can be used as alternatives to steroids, especially when steroids are 
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contraindicated. Hypopigmented cutaneous sarcoidosis is responsive to minocycline 
[11] and can be treated with 8-methoxypsoralen [12] and long-wave ultraviolet light.

2.6 Lichen Striatus

2.6.1 Introduction

Lichen striatus is a benign self-limiting dermatosis with an unknown etiology. It 
is more prevalent in children than in other age groups, it is acquired and unilaterally 
occurs along the lines of blaschko. Although the lesions are often transient, they 
may be of a prolonged form.

Lichen striatus is associated with vitiligo or atopic dermatitis. It mainly affects 
children at an age of 3.5 years, although it may occur in children of 4 months to 
10 years of age.

2.6.2 Clinical manifestations

Lichen striatus usually manifests itself as smooth and scaly or hypopigmented 
flat-topped papules, which are 2-4 mm in size and initially inflammatory  
(Figure 7). The lesions appear as continuous or interrupted flat papules along the 
lines of blaschko within 2–3 weeks. The eruptions, being mainly distributed in the 
limbs, especially the lower limbs, normally leave a long-lasting hypopigmentation 
in 50% of the cases. According to recent studies in India, lichen striatus causes 
hypopigmentation in approximately 1.7% of the patients [13].

2.6.3 Treatment

No treatments are normally required given the benign and self-limiting nature 
of the disease. Tacrolimus ointment has been found to speed up the relief and cause 
complete healing without skin sequelae.

Figure 6. 
Cutaneous sarcoidosis; clinical variants, the hypopigmented variant is more noticeable in individuals with a 
darkly-pigmented skin.
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3. Conclusion

Numerous inflammatory skin diseases can cause pigmentation disorders, which 
suggests that despite multiple inflammatory disease of skin, ultimately through the 
activation of inflammatory agents located in the skin, such as T cells, cytokines and 
other inflammatory cells that lead to disregulation of melanogenesis system.

However, the exact mechanism of PIH is not known and further studies are 
needed. Despite advance in treating the cause of the hypomelanosis, but PIH is still 
a challenge for dermatologists. Appropriate treatment for PIH is to identify the 
underlying cause and treat it, with applying symptomatic therapy.
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Figure 7. 
Lichen striatus: Linear streaks on the leg alongthe lines of Blaschko, comparing numerous small, flat-topped 
tan (hypopigmented) papules.
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Resistance
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Abstract

Filariasis mediated immunomodulation against metabolic diseases is a recently 
identified novel phenomenon. There seems to be an inverse relationship between 
filarial infections and type-2 diabetes. Rapid elimination of filarial diseases, due to 
mass drug administration has somehow fueled the sudden and rampant increase 
in type-2 diabetes, at least in certain tropical countries, like India and Indonesia. 
Filarial infections are in a way unique, since they bring about immunomodulation, 
in contrast to inflammation which is triggered by viral and bacterial infections. This 
dampens immunity and confers better survival for the pathogen. However, this also 
attenuates chronic inflammation and insulin resistance and thereby confers protec-
tion against type-2 diabetes. This chapter elucidates the various immune mecha-
nisms involved in immunomodulation against insulin resistance and type-2 diabetes 
induced by helminth infection.

Keywords: Metainflammation, Insulin Resistance, Immunomodulation,  
Helminth infections, Metabolic diseases

1. Introduction

1.1 What is metainflammation?

Chronic inflammation has long been recognized as a major etiological factor for 
metabolic diseases [1]. The inflammation in metabolic diseases is chronic, low grade 
and non-antigen-specific but differs from one condition to other [2]. This is differ-
ent from those seen in infectious diseases and has been named “Metainflammation”. 
Meta inflammation leads to insulin resistance (IR) wherein the target organs of 
insulin become resistant to insulin action [2]. IR has now been identified as a major 
etiological factor for a variety of metabolic diseases, apart from obesity and Type-2 
diabetes (T2DM) [2]. Meta inflammation typically starts as an organ-specific 
inflammation affecting the major target organs of insulin namely adipose tissue, 
skeletal muscles and liver [2]. With disease progression, it becomes more systemic 
and starts affecting the blood vessels leading to endothelial dysfunction called 
vasculopathy [2]. The exact cause of inflammation in IR is not clearly known even 
though dietary, genetic and environmental factors have been implicated [2].
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1.2 Helminth infection as an immunomodulation strategy

Infections serve as an important source of inflammation especially in tropical 
countries and can serve as a link between infections and metabolic diseases [3]. The 
link between infections and metabolic diseases is less well explored and in recent 
years has gained tremendous interest [3]. Changes in the lifestyle of people living 
in industrialized countries have led to a decrease in the infectious burden and an 
increase in the prevalence of allergic and autoimmune diseases [4]. The leading idea 
is that some infectious agents – notably those that co-evolved with us – are able to 
protect us against a large spectrum of immune-related disorders [5]. The strongest 
evidence for a causal relationship between the decline of infectious diseases and the 
increase in immunological disorders originates from animal models and a number 
of clinical studies, suggesting the beneficial effect of infectious agents or their 
components known as immunomodulators [5]. Immunomodulators are drugs or 
molecules (Thalidomide. Macrolide antibiotics, and curcumin) that modify the 
dangerous immune response to prevent the inflammatory damage, while leaving the 
protective immune response intact [6]. It is speculated that infections as such are 
important in keeping the immunoregulatory network active and, in the absence of 
such infections, the immune system gets hyperactivated, resulting in allergies and 
autoimmunity [5]. In this regard, the helminth infections need a special mention 
since they were found to be alleviating numerous autoimmune disorders like atopic 
disorders, systemic lupus erythematosus, multiple sclerosis, sepsis, inflammatory 
bowel diseases [7].

Not all infections promote inflammation. While in general, viral and bacterial 
diseases induce inflammation, helminth infections are largely immunosuppres-
sive in nature [3]. The link between fungal and protozoan diseases, with systemic 
inflammation, is not known. In general, infections which promote inflammation 
are thought to augment metabolic diseases while those which dampen inflam-
mation by immunomodulation can confer protection against metabolic diseases 
[3]. Previously, we have shown a decreased prevalence of filarial infection (not 
disease) among both T1DM [8] and T2DM subjects [9]. Further, serum cytokine 
profiling revealed the downregulation of Interleukin-6 (IL-6), Tumour Necrosis 
Factor-alpha (TNF-α) and Granulocyte-Macrophage-Colony Stimulating Factor 
(GM-CSF) and upregulation of Tumour Growth Factor-Beta (TGF-β) in filarial 
positive, compared to filarial negative diabetic subjects [9]. Interestingly, the 
immunomodulatory effect of helminth infection was seen only inT1DM and 
T2DM subjects but not among the coronary artery disease (CAD) patients [10]. 
Even though these were cross-sectional studies, they indicate probable immune-
mediated protection against both T1DM and T2DM by prior filarial infection. 
This also indicates some degree of overlap in the disease pathology between these 
two seemingly different forms of diabetes, which the helminth infection is able 
to target [3, 11]. If this is true, the decreasing incidence of filariasis (due to mass 
drug administration programs) which is being carried globally, can fuel diabetic 
pandemic in future [3, 11]. Thus, childhood infection can either have a beneficial or 
harmful role in determining the susceptibility to T2DM depending upon the nature 
of immune training-induced [3, 11].

2.  Role of innate immune cells in insulin resistance and 
immunomodulation

Traditionally monocytes/macrophages, dendritic cells, Natural killer (NK) 
cells and granulocytes (neutrophils, eosinophils and basophils) together form the 
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cellular arm of innate immunity, since they recognize the pathogen and damage-
associated molecular patterns (PAMPs and DAMPs) [2]. T and B lymphocytes 
together form the cellular arm of the adaptive immunity, since they recognize anti-
gens/epitopes and have immunological memory [2]. During an immune response, 
cells of innate immunity recognize PAMPs and DAMPs through various innate 
immune receptors like Toll-like Receptors (TLRs), NOD-Like Receptors (NLRs), 
RIG-1 Like Receptors (RLRs) and C-Type Lectin Like Receptors (CLRs), etc. and 
get activated. Most of these cells take up the cargo, process them and present them 
to the T cells within the context of MHC [12]. B cells on the other hand take up 
antigens by antibody-mediated endocytosis, process them and present them to the 
T cells [12]. The T cells which recognize these MHC: epitope complexes through 
their T Cell Receptors (TCRs), get activated and secrete cytokines and chemokines 
[12]. These cytokines and chemokines in turn activate and attract more number 
of antigen-presenting cells (APCs), completing the positive feedback loop [12]. 
Thus, antigen processing and presentation and subsequent secretion of cytokines 
and chemokines establish the cross-talks between innate and adaptive immune 
responses, which finally determine the magnitude and nature of the immune 
response [12]. Next, we will look at the role played by specific cell-types in IR and 
immunomodulation.

2.1 Macrophages in insulin resistance and immunomodulation

Out of several immune cell types, macrophages were the earliest to be associated 
with IR [13]. Macrophages are phagocytic cells that serve as the first line of defence 
mechanism against infections [14]. They are of two types: M1 (classically activated) 
and M2 (alternatively activated), which differ in their cytokine secretion and 
functions [14]. The infiltration of macrophages into adipose tissue under conditions 
of obesity-associated IR was reported as early as 1976 [13]. Classically activated or 
CD11c+CD206− M1 macrophages were found to be elevated in visceral adipose tissue 
(VAT) of diet-induced obese (DIO) mice which secrete increased levels of pro-
inflammatory cytokines like TNF-α, IL-1β and IL-6 (Figure 1) [15]. Transcriptional 
profiling of adipose tissue from leptin knock-out mice revealed the upregulation of 
1,304 genes which showed a strong correlation with the body mass index. Of the top 
100 genes which were differentially expressed, 30% were specific for macrophages 
[16]. Resident macrophages in lean mice expressed Macrophage Galactose-binding 
C-type lectin (MGL-1) along with other genes associated with M2 macrophages 

Figure 1. 
Model explaining “Metabolic Hygiene Hypothesis”. Chronic inflammation serves as a link between infections 
and type-2 diabetes. During early stages of the disease, the inflammation is more tissue restricted and primarily 
affects pancreas and target organs of insulin namely skeletal muscle, adipose tissue and liver. This in turn leads 
to pancreatic beta cell loss and insulin resistance, respectively. During latter stages, the inflammation becomes 
more systemic and affects the blood vessels leading to vasculopathies. If small blood vessels are affected, it results 
in microvasculopathies. If larger blood vessels are affected it results to macrovasculopathies. While most viral 
and bacterial infections, can trigger chronic inflammation, helminth infections are unique in attenuating 
inflammation, by means of immunomodulation. Thus, a drastic decrease in helminth infections due to mass 
drug administration can fuel epidemic increase in metabolic diseases.
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(Ym1+, CCR2−, Arg-1+ and IL-10, 15, 16]. With diet-induced obesity, a new popu-
lation of Ym1−, MGL-1−, CCR2+, iNOS+ M1 macrophages were recruited which 
cluster around the necrotic adipocytes forming crown-like structures. While the M1 
macrophages are associated with IR, M2 is more associated with insulin sensitivity 
(Figure 1) [15–17]. In general, peripheral macrophages in newly diagnosed diabetic 
patients are hyporesponsive to inflammatory signals due to the downregulation of 
TLRs [18]. In contrast, macrophages from chronic diabetic patients show chronic 
activation due to constitutive upregulation of B7–1 molecules [19].

With respect to helminth infection, despite the central role played by lympho-
cytes and dendritic cells, the role played by macrophages in both pathology and 
protection cannot be undermined [20]. Helminth products are known to polarize 
macrophages into M2 phenotype which orchestrate fibrosis and wound healing 
[21]. Helminth infected macrophages are also termed as nematode-elicited macro-
phages that express a peculiar M2 phenotype [21]. The master cytokines involved 
in M2 polarization are IL-4 and IL-13. The macrophages which are polarized by 
helminth infection express YM1, YM2, Resistin-Like Molecule alpha (RELMα) 
and other markers of M2 phenotype and produce IL-10 [21]. Diet-induced obese 
mice treated with Litomosoides sigmodontis (Ls) antigen showed an increased 
number of M2 macrophages in the epididymal adipose tissue (EAT) inducing 
a type-2 immune response which improved glucose tolerance (Table 1) [22]. 
Recently, Heligmosomoides polygyrus infected high-fat diet mice showed M2 
polarization of adipose macrophages which reduced IR [27]. Mice injected with 
Schistosoma mansoni antigens showed significant improvement of metabolic 
control and increased frequency of M2 in HFD mice [28]. HFD mice infected 
with Nippostrongylus brasiliensishad decreased weight gain and improved glucose 
tolerance which was largely due to the polarization of adipose macrophages into 
the M2 phenotype (Table 1) [23].

2.2 Dendritic cells in insulin resistance and immunomodulation

While macrophages are major phagocytic cells, Dendritic cells (DCs) are the 
major antigen-presenting cells that play a crucial role in linking innate and adaptive 
immunity. DCs can interact with both T cells and B cells. Animal studies looking 
at the role of DCs in IR are limited. The CD11c+ myeloid DCs were significantly 
increased in the adipose tissue of obese mice [29]. This suggests that DCs might be 
involved in T cell polarization and activation of macrophages thereby playing an 
important role in adipose inflammation and IR [29]. In the adipose tissue of obese 
mice, there was a substantial increase in the percentage of DCs which was associ-
ated with crown-like structures [30]. Mice lacking DCs (Flt3−/−) had reduced 
number of adipose and liver macrophage content, whereas DC replacement in 
DC-null mice increased liver and adipose macrophage infiltration and IR [30]. Both 
myeloid DCs and plasmacytoid DCs from chronic diabetic patients show upregula-
tion of lineage markers due to high levels of circulating GM-CSF [31].

In helminth infections, DCs are arrested in an immature state characterized by 
an absence/moderate expression of co-stimulatory molecules along with reduced 
pro-inflammatory cytokine secretion [32]. This feature might presumably induce 
the development of a Th2 immune response [33]. While Toll-Like Receptor-
mediated activation brings about DC maturation in general, helminth products 
have evolved alternate pathways of activation which can induce an anti-inflamma-
tory response [34]. Helminth antigen treated dendritic cells produced increased 
levels of IL-4 and IL-10 [35]. Also, human monocyte-derived dendritic cells 
(mhDCs) when infected with live Brugia malayi microfilariae showed downregula-
tion of TLR3 and TLR4 expression and diminished production of pro-inflammatory 
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cytokines following TLR challenge [36]. Recent research shows that priming of DCs 
with helminth products brings about Th-2 polarization and improves metabolic 
dysregulation [37].

2.3 Neutrophils in insulin resistance and immunomodulation

Neutrophils are microphages which are short-lived phagocytic cells that 
remove and destroy invading microorganisms and also cellular debris [38, 39]. In 
diet-induced obese mice, increased infiltration of neutrophil into adipose tissue 
was reported during weight gain and was associated with IR. In addition to host 
defence, neutrophil-derived serine proteases, such as neutrophil elastase, have been 
implicated in sterile inflammation [40]. Treatment of hepatocytes with neutrophil 
elastase-induced IR (by IRS-1 degradation) while deletion of neutrophil elastase 
in obese mice restored insulin sensitivity [40]. Taken together, neutrophils can be 
added to the extensive repertoire of immune cells that participate in inflammation-
induced IR.

Compared to macrophages the role played by neutrophils in helminth infection 
is well studied [41]. In recent times, like macrophages, neutrophils were shown to 
get polarized either towards classically activated (N1) or alternatively activated 
(N2) phenotypes, following bacterial infections [42]. Whether such polarization 
takes place during helminth infections is not clearly known. Neutrophils were found 
to provide resistance to H. polygyrus infection in vivo and were able to kill the worm 
under in vitro conditions [43]. More recent reports indicate an important role for 
neutrophils in killing the larval stages of Strongyloides stercoralis [44]. Thus there is 
a possibility of neutrophils polarization during helminth infection which might aid 
host metabolism. Haemonchus contortus, a gastric parasite, secretes a 55 kDa secre-
tory glycoprotein (gp55) which binds to CD11b/CD18 integrin present on neutro-
phils and inhibits its action [45].

2.4 Eosinophils in insulin resistance and immunomodulation

Eosinophils are generally associated with allergic responses as seen in parasitic 
infections [46]. While IL-5 serves as the main growth factor for eosinophil develop-
ment, eotaxins (CCL11, CLL24 and CCL26) serve as its major chemotactic factors 
[46]. Activation of eosinophils results in its degranulation on to the target cells 
[46]. They carry eosinophilic granules which are rich in cytotoxic cationic proteins 
including major basic protein (MBP), eosinophil peroxidase (EPO), eosinophilic 
cationic protein (ECP) and eosinophil-derived neurotoxin (EDN) [46]. Adipose 
tissue eosinophils are needed for metabolic homeostasis and are involved in the 
maintenance of alternatively activated macrophages (AAMs) (Figure 1) [47]. They 
serve as the major source of IL-4 which polarizes the macrophages into the M2 
phenotype. Absence of eosinophils can lead to adiposity and systemic IR in obese 
mice [47]. In these animals, IL-5 deficiency leads to loss of eosinophil accumulation 
in the adipose and increased IR [48].

Clinically, helminth infections are the most common cause of persistent 
eosinophilia, wherein they play a vital role in parasitic killing and elimination 
[49]. Ligation of parasite-specific Ig to Fc receptors or direct binding of helminth 
products to TLRs leads to eosinophil activation and degranulation [49]. Activated 
eosinophils bring about worm expulsion in two ways: 1. Direct killing of the worm 
by depositing cytotoxic granules along with reactive oxygen species on to the worm 
membrane and 2. Expulsion/encystment of the dead worm, by coordinating with 
other immune and non-immune cells [49]. However, recent evidence has indicated 
eosinophil activation during helminths infection is an immune evasive strategy 
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favouring the parasite [50]. Eosinophils may influence the immune response in 
a manner that would sustain chronic infection and ensure worm survival [50]. 
Recently, in a high-fat diet mice model, animals infected with Nippostrongylus 
brasiliensis showed sustained metabolic control characterized by decreased fast-
ing glucose and improved insulin sensitivity, which was associated with increased 
eosinophil content in the adipose tissue (Figure 1) [51]. Obese mice injected with 
Litomosoides sigmodontis (Ls) antigen showed an increased number of eosinophils in 
the epididymal adipose tissue which normalized glucose intolerance (Table 1) [22].

2.5 Basophils and mast cells in insulin resistance and immunomodulation

Basophils and mast cells are known for their involvement in allergies and airway 
inflammation [52]. Both cell lineages share a common ancestry: while basophils 
circulate; mast cells remain resident in tissues under normal conditions [52, 53]. 
As like other immune cells, recent studies have implicated them in glucose homeo-
stasis and adipogenesis [54]. VAT from obese mice as well as humans contained 
a significant amount of mast cells [54]. Mast cell-deficient mice showed better 
glucose homeostasis with increased metabolic rate [55]. Leptin deficient Ob/Ob 
mice have an increased mast cell content in their adipose tissue and were found to 
secrete an increased amount of TNF-α [56].

Like eosinophils, basophils also serve in the first line of defence mechanism 
against helminth infection [57]. However recently, this concept has been challenged 
for certain helminth infections [58]. The cross-linking of surface IgE on basophils 
by helminth antigens induced IL-4 secretion [59]. Thus, the anti-inflammatory 
Th-2 response is augmented by basophils and mast cells [60]. During helminth 
infections, eosinophils, neutrophils and basophils directly participate in the para-
site killing and expulsion [61]. Basophil deficient mice, infected with L3 larvae of 
Brugia malayi showed decreased eosinophil count, decreased titers of parasite-
specific IgE, reduced CD4+ T cell proliferation and decreased antigen-specific IL-4 
production demonstrating the importance of basophils in the amplification of 
type-2 immune response [62]. Helminth infected mice have an increased number of 
basophils which were capable of priming of Th-2 response [63].

2.6 NK and NKT cells in insulin resistance and immunomodulation

Natural killer (NK) cells are an important component of the innate immune 
response to viral infections and tumours [64]. They have the ability to provide 
an early source of both innate (IL-6 and TNF-α) and adaptive (IFN-γ, IL-4, IL-5 
and IL-13) immune cytokines and can also lyse the target cells through perforin-
granzyme-mediated cytolytic pathway [64]. Natural Killer T (NKT) cells are 
sub-population of lymphocytes that serve as a link between the innate and adaptive 
immunity [65]. They are a heterogeneous group of lymphocytes that share the prop-
erties of both T cells and NK cells. Many of these cells recognize self and foreign 
lipids and glycolipids bound to the non-polymorphic CD1d molecule [65]. Very 
little is known about the role played by NK and NKT cells in metabolic homeostasis 
[66]. VAT obtained from obese subjects was found to have an increased frequency 
of IFN-γ expressing NK cells [67]. The role of iNKT cells in the regulation of 
metabolism is just emerging. Previously, it was found that adipose tissues and liver 
of both mice and humans contain a population of iNKT cells, which decreased with 
increasing adiposity and IR (Figure 2) [68]. In fact, this coincides with the infiltra-
tion of macrophages and T cells into the adipose tissue.

Compared to other cell types, the role played by NK cells in helminth mediated 
immunomodulation is intriguing. NK cells were found to express IL-4 and IL-13 



Inflammation in the 21st Century

276

in response to microfilaremia but not L3 infection [69]. The early activation of NK 
cells led to apoptosis in response to live L3 exposure, but not to live microfilaremia 
infection [69]. Impairment of NK cell function had a profound effect on worm 
burden and delays the clearance of the parasite. Infection of BALB/c mice with 
L. sigmodontis was shown to suppress the activation of inhibitory receptors but 
promoted the induction of activating receptor on NK cells [70]. NKT cells during 
helminth infections were shown to produce IL-4 as an immunoregulatory cytokine 
when exposed to the nematode glycolipids [71]. Helminths activate both iNKT and 
non-iNKT cells in vivo, enabling them to differentially influence the Th1/Th2 bal-
ance [71]. NKT cells were known to be the early source of IL-4, in the spleen, within 
24 h of L3 B. phangi infection in mice [71].

2.7 Other innate immune cells in insulin resistance and immunomodulation

Myeloid-Derived Suppressor Cells (MDSCs) are heterogenous immature 
myeloid cells which were first discovered in the tumour stroma wherein they were 
found to suppress anti-tumour immune response [72]. Recently, MDSCs were 
shown to alleviate insulin resistance and confer protection against diabetes [73]. 
Adoptive transfer of MDSC cells into HFD mice showed better glucose tolerance 
[74]. Loss of these cells in obese animals aggravated IR [74]. Within the adipose 
tissue milieu, these cells were found to suppress Th1 activation [74]. During hel-
minth infection, anti-proliferative MDSCs emerge which inhibit T cell proliferation 
using eicosanoids generated through 12/15 lipoxygenase pathway [75]. Similarly, 
Schistomes soluble egg antigens were shown to prime MDSC cells which strongly 
inhibited T cell activation [76].

Figure 2. 
Myeloid cell network in Insulin Resistance (IR) and immunomodulation. Helminth infections can bring about 
macrophage polarization from the pro-inflammatory M1 phenotype to anti-inflammatory M2 phenotype. 
They also polarize neutrophils from pro to anti-inflammatory phenotype. They augment both eosinophils and 
basophils which attenuate IR. They induce tolerogenic dendritic cells and myeloid derived suppressor cells 
which inhibit Th1 immunity.
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Nuocytes or Innate lymphoid cells (ILC) are recently discovered innate lym-
phoid cells capable of augmenting other immune cells like helper T cells [77]. ILCs 
are primarily tissue-resident lymphocytes, found in both lymphoid (immune-
associated), and non-lymphoid tissues, and rarely in the peripheral blood (<1%) 
[77, 78]. They are particularly abundant at mucosal surfaces controlling mucosal 
immunity and homeostasis [77, 79]. They differ from other immune cells by the 
absence of regular lymphoid morphology, TCR and BCR rearranged, and expres-
sion of myeloid-specific CD markers [77]. Based on the difference in developmental 
pathways, phenotype, and cytokine secretion, in 2013, ILCs were divided into three 
groups: 1. ILC-1 cells upon priming with IL-12, IL-15 and IL-18 secrete IFN-γ and 
TNF-α; 2. ILC-2 cells upon priming with TSLP, IL-25 and IL-33 a secrete IL-4, IL-5 
and IL-13; 3. ILC-3 cells upon priming with IL-1β, IL-23 and IL-6, secrete IL-17 and 
IL-22 [77]. ILC-1 recruitment into the adipose tissue is directly linked to fat accu-
mulation and exacerbates IR [80], while ILC-2 cells are involved in browning of vis-
ceral adipose tissue [81]. During helminth infection, the early source of IL-13 was 
from nuocytes, through IL-25 and IL-33 dependant priming [82]. Administration 
of Schistosoma mansoni egg-derived ω1 antigen into diabetic mice induced Th-2 
response, which correlated with increased frequency of ICL-2 in adipose tissue, 
which in turn increased the metabolic homeostasis [83].

3. Adaptive immune cells in insulin resistance and immunomodulation

The adaptive immune cells include T cells and B cells which play an important 
role in both IR and immunomodulation.

3.1 T-helper cells in insulin resistance and immunomodulation

T cells are lymphocytes which mature from the thymus (and hence the name) 
and are the major components of the adaptive immune system [84]. They perform 
three major functions: 1. Helper T cells (Th) activate B cells, macrophages, DCs, 
other T cells and other immune cells, 2. Cytotoxic T cells (Tc) directly kill tumour 
cells and pathogen-infected cells and 3. Regulatory T cells (Tregs) maintain 
immune homeostasis [84]. The Th cells are distinguished by their CD4+ phenotype 
and are further classified based on their cytokine profile as 1.Th1 (IFN-γ, IL-2, and 
TNF-β), Th2 (IL-4, IL-5 and IL-13), 3. Th17 (IL-17 and IL-17F), 4.Th9 (IL-9 and 
IL-10), 5.Th22 (IL-22), etc. [84]. T cells in coordination with macrophages and DCs 
fuel VAT inflammation [85]. Both pro-inflammatory cytotoxic T cells (CTLs) and 
interferon-γ (IFN-γ)-producing Th-1 cells contribute to inflammation (Figure 2) 
[86]. On the contrary, VAT-resident Tregs and Th2 cells tend to suppress inflamma-
tion (Figure 2) [87]. Obese IFN-γ-knockout animals, compared with obese wild-
type mice, showed modest improvements in insulin sensitivity, decreased adipocyte 
size, and an M2-macrophage phenotype and cytokine expression [88]. Genetic 
ablation of IL-13 in mice resulted in hyperglycemia, which progressed to hepatic IR 
and systemic metabolic dysfunction [89]. However, studies conducted in our lab on 
serum cytokine profiles in subjects with metabolic syndrome (MS) showed a mixed 
Th1-Th2 response with increased levels of IL-12, IFN-γ, IL-4, IL-5 and IL-13 in 
the serum of subjects with metabolic syndrome (a precondition of diabetes, if not 
already present) [90]. The role of recently discovered Th17 in VAT inflammation 
is still an enigma. Some studies have shown strong pro-inflammatory phenotype 
for these cells inducing IR [91], while our study showed a decline in serum IL-17 
levels in subjects with MS (Figure 2) [92]. The Tregs in VAT has a unique function 
of maintaining immune-homeostasis and improving insulin signalling by PPAR-g 
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activation [93]. The role of other recently identified Th cell subtypes like Th22 and 
Th9 in IR is not clearly known. In general, type-2 diabetic subjects show a mixed 
Th1-Th2 response which becomes more Th1 polarized as the diabetic subjects 
develop microvascular [94] and macrovascular complications [95]. Serum IL-17 
levels are generally low in patients with diabetic nephropathy [96].

T cell-mediated immune responses during filarial infection depend on the 
phase of the infection: 1.The acute phase is skewed towards Th2 (IL-4, IL-5 and 
IL-13) response, 2. The chronic phase is skewed towards “modified Th2 response”, 
with Tregs playing a more prominent compared to Th2 cells and 3. The third 
phase is chronic pathology phase, which is characterized by a drastic shift from 
“modified Th2” response to Th1/Th17 (IFN-γ, IL-2 and IL-17) response, which 
happens only in those who develop lymphatic pathology [97]. Thus, the dif-
ferential immune response seen during various phases of the filarial infection is 
paralleled by the life cycle of the parasite: 1. Microfilaremic stage-predominant 
Th2 response, 2. Adult worm stage- modified Th2-Treg response and 3.Chronic 
pathology stage- Th1/Th17 response [97]. Infection of HFD induced obese mice 
with Heligmosomoides polygyrus, an intestinal nematode parasite, resulted in 
significantly attenuated obesity with marked upregulation of uncoupling protein 
1 (UCP1), a key protein involved in energy expenditure in adipose tissue [98]. 
Further suppression of glucose and triglyceride levels and alteration in the expres-
sion of key genes in the liver involved in lipid metabolism were also seen [98]. An 
augmented helminth induced Th2/Treg response and M2 macrophage polarization 
was characteristic of this attenuated obesity [98].

3.2 Cytotoxic T cells (CTLs) in insulin resistance and immunomodulation

Cytotoxic (CD8+) T cells are one of the effector cells in T-cell mediated immu-
nity which directly kills the target cells (virus or bacteria-infected cells and tumour 
cells). CD8+ T cells were found to migrate into the adipose tissue much before the 
accumulation of macrophage in obese mice [99]. IFN-γ produced by CTLs promotes 
the recruitment and polarization of M1 macrophages (Figure 1) [99]. This results in 
adipose tissue inflammation and IR [99]. In the obese mice, increased infiltration of 
CTLs into the adipose tissue around 22nd week after the initiation of a high-fat diet 
was seen [99]. Antibody-mediated or genetic depletion of CTLs lowered macro-
phage infiltration and adipose inflammation, ameliorating IR [99].

When compared to T-helper cells, the amount of literature available on the 
role of CTLs in helminth infection is limited. Atleast in mice, there is evidence to 
show that CTL population is dispensable for anti-helminth immunity [100]. In 
clinical studies, LF infection was shown to upregulate HLA-A thereby activating 
CTLs [101]. However, these activated CTLs showed poor proliferative response 
under in vitro conditions [101]. The CTL activity was largely seen during lymph-
edema development, rather than acute/modified immune response to helminths 
[101]. Further, these activated CTLs were largely immunomodulatory rather than 
pro-inflammatory in nature [101]. It would be interesting to see whether these 
activated immunosuppressive cells are in fact the recently discovered CD8(+) Tregs 
population (Figure 3).

3.3 B cells in insulin resistance and immunomodulation

B cells form a major component of adaptive immunity and perform two vital 
functions namely: 1. Antigen presentation to T cells which links innate and adaptive 
arms of the immune response and 2. Production of antibodies which perform the 
effector functions. In obese mice, B cells were found to migrate into the adipose 
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tissue shortly after the initiation of a high-fat diet [102]. The initial signal for B 
cell activation is provided by the stressed adipocytes by releasing the self-antigens 
[102]. The activated B cells then induce the activation of pro-inflammatory macro-
phages and T cells and the production of auto-antibodies [102]. Correspondingly, 
increased IgG production (predominantly of IgG2c subtype) and increased IgG+ B 
cells were seen in the VAT of obese mice [102, 103]. B cell null mice showed reduced 
immune cell activation and IR in VAT and transfer of IgG antibodies from obese 
wild type mice to B cell null obese mice worsened glucose tolerance [102]. The IgG 
antibodies, apart from promoting B cell-mediated adipose inflammation, can also 
bind to Fc receptors present on macrophages, NK cells, neutrophils and eosinophils, 
and can bring about cellular activation augmenting inflammation [102, 104]. 
However, recently ZnT8 specific naturally occurring autoantibodies were found to 
be significantly reduced in type-2 diabetes, indicating a beneficial effect for these 
antibodies in reducing IR [26].

The function of B cells in helminth infection is largely restricted to the protective 
Th2 response [97]. IL-4 mediated activation, class switching and affinity matura-
tion of B cells are responsible for the elevated levels of IgE antibodies in infected 
individuals [97]. In streptozotocin-induced diabetic mice, treatment with Brugia 
malayi adult soluble antigen (Bm AS) or microfilarial excretory-secretory antigen 
(Bm mf ES) decreased pancreatic beta-cell destruction [24]. This was due to class 
switching of anti-insulin autoantibodies from IgG2a to IgG1 subtype (Table 1). 
In the same mice model, treatment of diabetic animals with two filarial proteins 
namely recombinant Wuchereria bancrofti L2 (rWbL2) and Brugia malayi abundant 
larval transcript 2 (rBmALT-2), resulted in the augmentation of insulin specific 
IgG1 autoantibodies and normalization of glucose metabolism (Table 1) [25, 105]. 
IL-10-producing B cells also termed as regulatory B cells (Bregs) can dampen inflam-
mation under certain conditions [105]. Thus B cells play contrasting roles in IR and 

Figure 3. 
Lymphoid cell network in Insulin Resistance (IR) and immunomodulation. Helminth infections can bring 
about T cell polarization from the pro-inflammatory Th1 and Th17 phenotype to anti-inflammatory Th2 
phenotype. They also induce proinflammatory ILC-1 and -3 and induce anti-inflammatory ILC-2 cells. They 
augment both Tregs and iNKT cells which attenuate IR. They inhibit pro-inflammatory CTLs and NK cells.
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helminth infections; in the context of helminth infections, they orchestrate regula-
tory immune responses via IL-10, whereas in IR they induce adipose inflammation 
via autoantibodies.

4. Conclusion and future directions

A decrease in helminth infections (like lymphatic filariasis) could potentially 
account for the increased prevalence of metabolic diseases in the western world. 
The same immunomodulatory effect can have an impact on type-2 diabetes, as 
was seen in tropical countries. Recently, several helminth antigens were shown to 
confer significant protection against obesity, insulin resistance and diabetes, in 
animal models. The implications of helminth induced immunomodulation are thus 
twofold: Mass drug administration in populations which are highly susceptible to 
type-2 diabetes has to be carried out with care; Secondly, more research is needed 
in identifying and characterizing novel helminth antigens with a strong immuno-
modulatory effect which can later be developed into diabetes vaccines.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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