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Preface

Psoriasis is an autoimmune disease that causes rapid accumulation of skin cells. This
accumulation causes well-demarcated, raised, silver-white, scaly lesions to appear on
the surface of the skin such as the scalp, elbows and knees, genitalia, and nails. The
prevalence of psoriasis in the United States is about 2% of the total population. This
disease is always related to other diseases and the affected person may also have one
of the following: type 2 diabetes, inflammatory bowel disease, heart disease, psoriatic
arthritis, anxiety, or depression. This book reviews recent literature on the most
significant and important studies about psoriasis, the immunological mechanisms
involved, the latest dermoscopic and diagnostic methods, and recent methods of
treatments. This book includes three sections and eight chapters.

Section 1: “Clinical Criteria, Differential Diagnosis and Comorbidities”
Chapter 1: “The Clinical Characteristics and Treatment Status of Psoriatic Arthritis”

Psoriatic arthritis (PsA) is a complex musculoskeletal disorder. Its clinical features
include psoriasis, peripheral arthritis, spinal involvement, enthesitis, and dactylitis.
Typically, skin lesions precede osteoarticular lesions, although osteoarticular lesions
can precede skin lesions in some cases. This chapter investigates the onset pattern of
PsA, the time interval between the occurrence of skin and osteoarticular lesions, and
the treatment status of PsA. The study presented in this chapter included sixty-four
patients with PsA who had been assessed according to the CASPAR criteria. Of those
patients, 75% had a typical lesion-onset pattern where skin lesions preceded osteoar-
ticular lesions (skin leading) and 16% had an osteoarticular-leading lesion pattern.
The mean time interval between the onset of lesions in patients with the skin-leading
pattern was 14.2 years and that in patients with the osteoarticular-leading pattern was
4.5 years. Non-steroidal anti-inflammatory drugs were prescribed to 39% of patients,
conventional synthetic disease-modifying antirheumatic drugs (DMARDs) to 64%,
and biologic DMARD:s to 51.5%. Because there were several cases where osteoarticular
lesions preceded skin lesions in PsA, the chapter authors suggest care should be taken
with regard to oligo- or polyarthritis patients with a negative rheumatoid factor
without the presence of skin lesions.

Chapter 2: “Dermoscopic Differential Diagnosis of Psoriasis”

Different clinical subtypes of psoriasis can show distinctive clinical appearances. For
example, inverse psoriasis does not have squams and resembles erythema intertrigo
and sometimes the erythrodermic variant cannot be distinguished from other
erythroderma causes. As such, differential diagnosis of psoriasis should be done
carefully to manage the disease appropriately. Histopathological examination is the
gold standard technique for diagnosis, but a dermatoscope can also be used. Thisisa
non-invasive and easily applicable diagnostic tool with high specificity. This chapter
discusses the dermoscopic differential diagnosis of psoriasis.



Chapter 3: “Psoriasis and Skin Comorbidities”

Psoriasis can have many clinical presentations in patients with different medical
backgrounds. Medical specialties such as rheumatology, pathology, and cardiology focus
on the systemic inflammatory nature of the psoriatic disease. From a dermatological
point of view, skin comorbidities are an important issue that affects therapeutic choice.
The common comorbidities with psoriasis include vitiligo, alopecia areata, autoimmune
bullous skin diseases like bullous pemphigoid and pemphigus vulgaris, and other skin
disorders such as hidradenitis suppurativa, and pityriasis rubra pilaris. One of the

most paradoxical relationships is between psoriasis and atopic dermatitis. This chapter
discusses and describes various comorbidities of psoriasis.

Section 2: “Immune System and Psoriasis”

Chapter 4: “Th17/IL-17, Immunometabolism and Psoriatic Disease: A Pathological
Trifecta”

The burgeoning arena of immunometabolism provides evidence of the role of cellular
as well as local (tissue)/systemic metabolic pathways in controlling immunity and
inflammation. An intricate and elaborate network of various metabolic circuits,
specifically glycolysis, fatty acid oxidation and synthesis, and amino acid metabolism,
precisely generates metabolites that rewire the immune response. Psoriasis is a chronic
progressive self-perpetuated “IL-17-centric” inflammatory disease characterized

by the co-existence of autoimmune and autoinflammatory pathways. Metabolic
responses, governed by oxygen levels, nutrient availability, growth factors, cytokines,
AMP/ATP ratios, and amino acids, play a pivotal role in programming Th17 cell fate
determination. Understanding the intricate interactions and complex interplay of
molecular mechanisms responsible for Th17 cell metabolic rewiring, an important
determinant of Th17 cell plasticity and heterogeneity, has the potential to reshape
psoriatic therapeutics in ways currently unimagined. This chapter presents recent
updates on major cellular and systemic metabolic pathways regulating differentiation
of Th17 cells as well their crosstalk with intracellular signaling mediators. It also

sheds light on how dysregulation of these pathways can be responsible for immune
impairment and the development of psoriatic disease. A better understanding of
these metabolic processes could unveil an intriguing leverage point for therapeutic
interventions to modulate metabolic programming and Th17 cell responses in this
multisystemic inflammatory disease.

Chapter 5: “Immune Markers in Psoriasis”

Psoriasis is a chronic inflammatory skin disorder with high immunological background
caused by a complex interplay between an altered immune system, genetic factors,
autoantigens, lifestyle, and environmental factors. Extensive literature in recent years
has highlighted the crucial role played by the immune system in the pathogenesis of
this pathology. Although it is unequivocally accepted that psoriasis is a T-cell-mediated
autoimmune condition, both innate and specific immune cells are highly involved

in its pathogenesis. The aberrant interactions between immune cells and resident
hyper-proliferative keratinocytes are mediated by immune- and non-immune-related
molecules that lead to amplification of the local immune responses that maintain the
chronic inflammatory status. This chapter discusses the immune molecules residing in
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the psoriatic tissue or appending to the blood circulation that can indicate the prognosis
of this systemic autoimmune disease. It also focuses on residing or circulating immune
cells that can pinpoint the clinical evolution of the psoriatic disease. All these data can
be developed in immune marker patterns that aid psoriasis diagnosis and/or future
(immune)therapies.

Chapter 6 “Immunomodulatory Effect of Methotrexate Abruptly Controls
Keratinocyte Activation in Psoriasis”

In psoriatic skin, epidermal keratinocytes undergo deregulated inflammatory
response that leads to prolonged expression of inflammatory mediators as well as
abnormal keratins. Due to immune and genetic factors, keratinocytes get activated
and cell balance gets disturbed. This activation is mainly due to deregulated inflam-
matory response. A vicious cycle of keratinocyte-immune response called the kera-
tinocyte activation cycle leads to psoriasis in psoriatic skin. Epidermal keratinocytes
undergo deregulated inflammatory response that leads to prolonged expression of
inflammatory mediators as well as abnormal keratins. Methotrexate, an immunosup-
pressive agent, has been used as a standard drug to treat severe psoriasis. Acanthosis
and abnormal terminal differentiation were mainly due to the mutation in epidermal
keratins. In turn, disease severity and relapsing of psoriasis are mainly due to the
mutation of hyperproliferative keratins. These novel keratin mutations in psoriatic
epidermis might be one of the causative factors for psoriasis. Methotrexate strongly
regulates the keratinocyte activation cycle by deregulated inflammatory markers and
maintains a normal keratin phenotype on hyperproliferating keratinocytes, thereby
controlling acanthosis in psoriasis patients.

Section 3: “Treatment of Psoriasis”
Chapter 7: “Topical Moisturisers for the Management of Psoriasis Vulgaris”

This chapter provides an overview of basic and tailored topical moisturizers and
discusses how and why they form the backbone for the management of psoriasis. The
discussion begins by describing the main characteristics of psoriasis and indicating
how alterations in the skin’s integrity and barrier function contribute to the initial
development of psoriasis and subsequent changes in psoriasis phenotype. Next, the
chapter addresses the evolution of topical moisturizers to more sophisticated and
beneficial products and describes the key biophysical effects exerted on psoriatic skin
by their active ingredients as well as the myriad benefits offered by fundamental and
specialty ingredients. Furthermore, the chapter explains how topical moisturizer
formulation modalities can help to improve compromised skin barrier function

and alleviate the symptoms of psoriasis, cosmetically and/or therapeutically. It also
discusses associated concerns and challenges.

Chapter 8 “Developing Novel Molecular Targeted Therapeutics for Topical Treatment
of Psoriasis”

In mild-to-moderate as well as moderate-to-severe psoriasis, 70%-80% of patients
start with topical agents and continue to use them with other active therapies. This
group of patients can benefit from topical treatment with minimal systemic exposure.
The expression levels of IL-23 and IL-17 are upregulated in psoriatic skin compared
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with non-lesional skin. Epidermal proliferation and psoriasis are caused by overactive
Th17 cells, which are promoted and stabilized by the activated IL-23 receptor, form-
ing part of the positive feedback loop. FDA-approved biologics in IL-23/IL-17 axis
(ustekinumab, guselkumab, risankizumab, tildrakizumab, ixekizumab, secukinumab,
and brodalumab) demonstrated superior clinical efficacy in the systemic treatment
of moderate-to-severe psoriasis, providing clinical proof of the IL-23/IL-17 axis as a
major immune pathway underlying the pathophysiology of psoriasis. However, due to
its large size and poor permeability to the skin, biologics are not suitable to deliver via
topical route. Current topical treatments of mild-to-moderate psoriasis are cortico-
steroids and vitamin D analogues, which have limited efficacy with significant side
effects so patients must avoid long-term use. This chapter reviews current molecular
targeted therapeutics under development for topical treatment of psoriasis.

Shahin Aghaei, MD

Department of Dermatology and Dermatological Surgery,
Iran University of Medical Sciences,

Tehran, Iran
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Chapter1

The Clinical Characteristics and
Treatment Status of Psoriatic
Arthritis

Naoki Kondo, Masahiko Yamada and Rika Kakutani

Abstract

Psoriatic arthritis (PsA) is a complex musculoskeletal disorder. Its clinical features
include psoriasis, peripheral arthritis, spinal involvement, enthesitis, and dactylitis.
Typically, skin lesions precede osteoarticular lesions, although osteoarticular lesions
can precede skin lesions in some cases. This study aimed to investigate the onset
pattern of PsA, the time interval between the occurrence of skin and osteoarticular
lesions, and the treatment status of PsA. A total of 64 patients with PsA who had been
assessed according to the CASPAR criteria were enrolled. Of those, 75% had a typical
lesion onset pattern where skin lesions preceded osteoarticular lesions (skin lead-
ing) and 16% had an osteoarticular leading lesion pattern. The mean time interval
between the onset of lesions in patients with the skin leading pattern was 14.2 years
and that in patients with the osteoarticular leading pattern was 4.5 years. Non-
steroidal anti-inflammatory drugs were prescribed to 39% of patients, conventional
synthetic disease modifying antirheumatic drugs (DMARDs) to 64%, and biologic
DMARDs to 51.5%. In conclusion, there were several cases where osteoarticular
lesions preceded skin lesions in PsA; therefore, care should be taken with regard to
oligo- or poly-arthritis patients with a negative rheumatoid factor without the pres-
ence of skin lesions.

Keywords: bDMARDs, CASPAR criteria, csDMARDs, obesity, psoriatic arthritis

1. Introduction

Psoriatic arthritis (PsA) is a complex musculoskeletal disorder that has the clinical
features of psoriasis, peripheral arthritis, spinal involvement, enthesitis, and dactylitis
[1, 2]. Typically, skin lesions precede osteoarticular lesions [1-6], although osteoarticu-
lar lesions precede skin lesions in some cases. In these cases, the diagnosis is difficult
and often results in a delay in treatment. Regardless, the appropriate management of
PsA requires early diagnosis. Classification criteria of PsA (CASPAR criteria) consist
of established inflammatory articular diseases with at least 3 points from the following
features: current psoriasis (assigned a score of 2), a history of psoriasis (a score of 1),

a family history of psoriasis (a score of 1), dactylitis (a score of 1), juxtaarticular new
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bone formation (a score of 1), rheumatoid factor negativity (a score of 1), and nail
dystrophy (a score of 1). The CASPAR criteria have been reported to be useful in assist-
ing clinicians in the diagnosis of PsA because of high sensitivity and specificity than
any other criteria [7].

PsA in many patients is associated with obesity, diabetes, hypertension, metabolic
syndrome, fatty liver, and an increased risk of cardiovascular events compared to
that of the general population [8]. In a realistic orthopedic outpatient clinical setting,
little is unknown about the clinical features and the treatment status in patients with
PsA. Whether PsA is associated with obesity or lifestyle-related diseases remains
unknown.

We investigated the clinical characteristics of PsA, such as the onset pattern of
PsA, the interval between the occurrence of skin lesions and osteoarticular lesions,
and the distribution of arthritis such as peripheral and axial lesions and enthesitis.

In addition, we examined whether obesity, hypertension, or diabetes mellitus was
significantly increased in patients with PsA. We also examined the treatment status
for PsA.

2. Methods

This was a single-center non-interventional retrospective study that examined
patients with PsA who were diagnosed by rheumatologists and dermatologists at our
hospital between January 2010 and December 2018. All patients in this study satisfied
the CASPAR criteria with a score of more than 3 points. A total of 64 consecutive
cases were enrolled, and informed consent was obtained from each patient. This
study was approved by Niigata University Medical and Dental Hospital Institutional
Review Board (#2018-0418).

The patients were categorized and investigated according to the following PsA
onset patterns: a skin rash that preceded the manifestations of arthritis (skin leading
type), the osteoarticular lesion that preceded the manifestation of a skin rash (osteo-
articular leading type), and the simultaneous onset of skin and osteoarticular symp-
toms (simultaneous type). For both the skin and osteoarticular leading types of PsA,
we recorded the time between the presentation of the first and second symptoms. We
also investigated the disease prevalence according to the lesion site, namely peripheral
lesions (e.g., fingers, wrists, elbows, shoulders, toes, ankles, knees, and hips), axial
lesions (e.g., cervical, thoracic, lumbar spines, and sacroiliac joint), and enthesitis
(e.g., Achilles’ tendon, plantar aponeurosis, quadriceps tendon, and patellar tendon).

When arthritis symptoms were present, painful areas were evaluated by radiog-
raphy, which allowed us to confirm the presence of imaging findings typical of PsA
(typical peripheral joint new bone formation, sacroiliac joint bone erosions, and
syndesmophytes on the sacroiliac joint or spine).

Obesity was defined as a body mass index (BMI) > 25, and the prevalence of
comorbidities was assessed relative to that of the general population as reported in
a survey conducted by the Ministry of Health, Labor, and Welfare of Japan [9]. The
incidences of obesity and hypertension, diabetes mellitus, and other diseases such as
dyslipidemia and chronic kidney disease were examined.

Furthermore, we classified the patients according to the treatments they had
received, such as nonsteroidal anti-inflammatory drugs (NSAIDs), conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs), biological DMARDs
(bDMARD:s), prednisolone, and others.
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2.1 Statistical analysis

The statistical analyses were performed using SPSS (Version 21, Tokyo, Japan).
The Student t-test was performed for continuous variables, and Fisher’s exact prob-
ability test was performed for categorical variables. A p-value <0.05 was considered
to be statistically significant.

3. Results

Of the 64 patients with PsA who were enrolled, 49 were male and 15 were female
patients. The patient characteristics are shown in Table 1. The mean age + SD of the
patients was 55.5 + 12.9 years (range, 27-80 years), and the mean age at the onset of
first symptoms was 36.2 + 15.7 years (range, 3-70 years). The mean age of the onset
of psoriasis (skin lesion) and the osteoarticular lesion was 36.2 years and 47.0 years,
respectively. The mean time interval between the onset of skin and osteoarticular
lesions was 11.3 years (range, 0-39 years). Regarding the CASPAR criteria, the per-
centage of confirmed items was 100% for current psoriasis, followed by rheumatoid
factor negativity (92.4%), nail lesions (34.8%), juxta-articular new bone formation
(25.8%), and dactylitis (16.7%); the mean CASPAR score was 3.75 points (range, 3-6
points).

Regarding the onset patterns of PsA, the skin leading type was dominant in 48
cases (75%), with 10 cases of the osteoarticular leading type (15.6%), followed by 6
cases of the simultaneous type (9.4%). The mean time interval between the presenta-
tion of the two different lesion types was 14.2 + 10.2 years (range, 0.3-39.4 years) in
the skin leading type and 4.5 + 3.3 (range, 0.1-15.1 years) in the osteoarticular leading
type. A statistically significant difference (p < 0.001) was observed between the

Demographic and clinical characteristics (n = 64) Value (range, %)

Demographic characteristics

Sex, male/female 49/15
Age 55.5 £ 12.9 years (27-80)
Age at onset of symptoms 36.2 + 15.7 years (3-70)
Age at psoriasis onset 36.8 years (3-70)
Age at arthritis onset 47.0 years (17-75)
The mean interval between the occurrence of skin lesion and arthritis 11.3 years (0-39)
CASPAR criteria
Current psoriasis 64 (100)
Dactylitis 11 (16.7)
Juxta-articular new bone formation 17 (25.8)
Rheumatoid factor negativity 61(92.4)
Typical psoriatic nail lesions 23 (34.8)
Average score 3.75 (3-6)
Table 1.

Characteristics of patients with psoriatic arthritis.
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two types (Table 2). In addition, no statistically significant difference was observed
between the patient’s sex and age.

Axial joints were affected in 29% of those in the skin leading group and 60%
of the patients in the osteoarticular leading group, although there was no statisti-
cally significant difference in the distribution patterns of the affected axial joints
(p = 0.16). Axial lesions were observed in a total of 21 cases (53%), with the sacroiliac
joints the most affected joints in 14 cases (22%), followed by the thoracic spine in
10 cases (16%), lumbar spine in 9 cases (14%), and cervical spine in 7 cases (11%)
(Table 3).

Peripheral joints were affected in 92% of the patients in the skin leading type
and 100% of the patients in the osteoarticular leading type, without a statistically
significant difference (p = 0.99). Regarding the peripheral joint lesions, 53 cases
(83%) were observed in the upper extremity and 30 cases (47%) in the lower
extremity. In the upper extremity, the joints that were first affected joint were the
finger joints in 39 cases (61%), followed by shoulder joints in 22 cases (34%), wrist
joints in 12 cases (19%), and elbow joints in 7 cases (11%). In the lower extremity,
the joints that were first affected were the toe joints in 12 cases (19%), followed by
knee joints in 11 cases (17%), hip joints in 7 cases (11%), and ankle joints in 4 cases
(6.3%) (Table 4).

Enthesitis was observed in 15 of the total cases (23%). The most affected tendons
were the Achilles’ and plantar tendons, both with 8 cases (13%), followed by the
quadriceps tendon in 6 cases (9.4%) and patellar tendon in 2 cases (3.1%) (Table 5).

In our study, the prevalence of obesity was determined to be 55%. Regarding other
comorbid lifestyle-related diseases, hypertension was observed in 27 cases (42%),
diabetes mellitus in 12 cases (19%), dyslipidemia in 11 cases (17%), and chronic

Timing of onset noryears (range, %)
Skin leading type 48 (75)

Time interval between the occurrence of skin and osteoarticular lesions 14.2 + 10.2 years (0.3-39.4)
Simultaneous type 6(94)
Osteoarticular leading type 10 (15.6)

Time interval between the occurrence of osteoarticular and skin lesions 4.5 +33(0.1-151)*

*shows statistically significant difference (p < 0.0001) compared to that of the time interval between the occurrence of
skin and osteoarticular lesions.

Table 2.
The onset patterns of psoriatic arthritis.

The site of axial lesions Cases %

Cervical spine 7 1

Thoracic spine 10 16

Lumbar spine 9 14

Sacroiliac joints 14 22

Total 21 33
Table 3.

The distribution pattern of axial lesions.
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Site of peripheral lesions Cases %
Upper extremity 53 83
Finger 39 61
Wrist 12 19
Elbow 7 11
Shoulder 22 34
Lower extremity 30 47
Toe 12 19
Ankle 4 6.3
Knee 11 17
Hip 7 1
Table 4.

The distribution pattern of the peripheral lesions.

Site of enthesitis Cases %

Achilles’ tendon 8 13

Plantar tendon 8 13

Quadriceps tendon 6 94

Patellar tendon 2 31

Total 15 23
Table 5.

The distribution pattern of enthesitis.

Present study (%) Japanese cohort in 2016 (%) p-value
Obesity (BMI > 25) 55 26 <0.001
Hypertension 42 36 043
Diabetes mellitus 19 15 0.57

Fisher’s direct exact test was performed for each patient for obesity and concomitant diseases.
BMI, body mass index.

Table 6.
The incidence of obesity, hypertension, and diabetes mellitus in patients with psoriatic arthritis and comparison
with a Japanese cohort.

kidney disease (CKD) in 3 cases (4.7%). Diabetes mellitus was type 2 in all 12 cases. A
statistically significant correlation was found between PsA and obesity (p < 0.0001).
No statistically significant correlations were observed between PsA and hypertension
(p = 0.43) or diabetes mellitus (p = 0.57) (Table 6).

Table 7 shows the treatments the patients with PsA received. NSAIDs were
prescribed in 25 cases (39%). Several csDMARDs were prescribed in 41 cases
(64%), where 21 cases (32.8%) received methotrexate, 9 cases (14%) received
salazosulfapyridine, and 3 cases (4.7%) received cyclosporine. Several bDMARDs
were prescribed in 33 cases (51.5%), with the most prescribed bDMARDs being
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Drug Cases %
NSAIDs 25 39.0
csDMARDs 41 64.0
Methotrexate 21 328
Salazosulfapyridine 9 14.0
Cyclosporine 3 4.7
Others 6 94
bDMARDs 33 51.5
Adalimumab 10 156
Infliximab 10 156
Etanercept 3 4.7
Certolizumab pegol 1 16
Tocilizumab 1 16
Ixekizumab 4 6.3
Secukinumab 3 4.7
Guselkumab 1 16
Steroids 1 16
Apremilast 2 31
Ascorbic acid, calcium Pantothenate 2 31
Biotin 2 31

bDMARDs, biologic disease modifying antirheumatic drugs; csDMARDs, conventional synthetic disease modifying
antirheumatic drugs; NSAIDs, nonsteroidal anti-inflammatory drugs.

Table 7.
The treatment status for psoviatic arthritis.

adalimumab and infliximab, which were both prescribed in 10 cases (15.6%), fol-
lowed by ixekizumab in 4 cases (6.3%), etanercept and sekukinumab both in 3 cases
(4.7%), and certolizumab pegol, tocilizumab, and guselkumab each prescribed in

1 case (1.6%). Other treatments included prednisolone in a single case (1.6%) and
apremilast, ascorbic acid, calcium pantothenate, and biotin, each prescribed in two
cases (3.1%) (Table 7).

4. Discussion

We identified several clinical features of PsA based on the results of this study.
First, PsA dominantly afflicted male patients (77%), with the mean age of onset for
cutaneous psoriasis at 36.8 years, while that of osteoarticular lesions at 47.0 years.
Second, the skin leading type was observed more than the osteoarticular leading type,
with the interval between the onset of both symptoms significantly shorter in the
osteoarticular leading type than in the skin leading type. Third, upper extremity lesions
were more dominant (53 cases; 83%) than lower extremity lesions (30 cases; 47%).
Fourth, axial lesions were observed in 33% and enthesitis in 23% of the sample. Fifth,
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obesity was strongly associated with PsA. Finally, csDMARDs were the most prescribed
drugs in patients with PsA, followed by bDMARDs and NSAIDs.

Regarding the onset pattern of PsA in a Japanese multicenter study, Ohara
reported arthritis preceded psoriasis in 11% of patients [1]. In previous reports
concerning PsA [3-6], the incidences of “joint before skin” cases were between 15%
and 30% of the sample. In our study, arthritis preceded skin lesions in 17%, which
was in near agreement with the results of previous reports. In these cases, the lack of
skin lesions makes diagnosis difficult.

Regarding the distribution of arthritis, Ritchlin reported that axial joints are affected
in 50% of PsA patients [2]. In the Japanese multicenter study, back pain such as lum-
bago and neck pain was observed in 34.3% of patients and enthesitis in 28.3% [10, 11].
Similarly, our study showed that axial lesions were present in 33% and enthesitis in 23%.

Moreover, we checked the distribution of arthritis by the onset patterns in this
study. However, there was no statistically significant difference in both peripheral
and axial lesions, and it was therefore concluded that the distribution pattern was not
useful for detecting PsA in the osteoarticular leading type.

The risk factors for the development of psoriasis are obesity and lifestyle-related
diseases such as hypertension, diabetes mellitus, hyperlipidemia [12], with obesity-
related to the severity of psoriasis [13]. A large cohort study also demonstrated that
BMI was associated with psoriasis [14]. In another study, PsA showed a significant
association with obesity, type 2 diabetes, hypertension, metabolic syndrome, fatty
liver, and an increased risk of cardiovascular events [15].

Similarly, in our study, obesity was significantly associated with PsA; however, the
other factors were not statistically significantly associated with PsA.

Regarding the treatment status, NSAIDs were effective for joint symptoms but
ineffective for skin lesions. The csDMARDs were effective for arthritis and skin
involvement, whereas the bDMARDSs were used for patients with an inadequate
response to the csDMARDs as it can suppress skin and joint inflammation and delay
radiographic progression.

Despite the use of traditional disease-modifying medications in more than 50%
of patients with PsA, bone erosions were still observed in 47% of patients within the
first 2 years [16]. Therefore, the appropriate diagnosis of PsA and tight control are
required for better clinical outcomes of PsA. According to the American College of
Rheumatology recommendation for PsA in a 2019 update, non-steroidal anti-inflam-
matory drugs and local glucocorticoid injections are proposed as initial therapy.
Further, for patients with arthritis and poor prognostic factors such as polyarthritis
or monoarthritis/oligoarthritis accompanied by factors such as dactylitis or joint
damage, rapid initiation of csDMARDs are recommended. If the treatment target is
not achieved with this strategy, PDMARDs targeting tumor necrosis factor (TNF),
interleukin (IL)-17A, or IL-12/23 should be initiated [17].

In our study, NSAIDs were used in 39% of patients, csDMARDS in 64%, and
bDMARDs in 51.5%. These data suggest that skin or arthritic symptoms were moder-
ate to high in our cases. Yamamoto et al. Demonstrated that b(DMARDs were used in
more than 50% of all patients registered with PsA, which is in agreement with our
results [10, 11].

Our study had several limitations. First, the small sample size was a result of this
study taking place at a single center. Second, the type of skin and severity of psoriasis
with a Psoriasis Area and Severity Index score was not evaluated. Third, the effect of
the prescribed drugs was not examined.
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5. Conclusions

we clarified the clinical features of PsA in a clinical orthopedic outpatient clinic
setting. PsA was more dominant in male patients, with the osteoarticular leading type
pattern of PsA observed in 17% of patients, as opposed to 75% in the skin leading type
pattern. The interval between the onset of osteoarticular symptoms and the appear-
ance of skin lesions was 4.5 years on average in the osteoarticular leading type, which
was significantly shorter than that in the skin leading type. It was concluded that
for patients with RF negative polyarthritis, it is important to be aware that psoriasis

may develop approximately 4 years on average. Increased use of csDMARDs and
bDMARDSs was observed compared to that of NSAIDs.
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Chapter 2

Dermoscopic Differential Diagnosis
of Psoriasis

Ece Gokyayla, Tubanur Cetinarslan and Aylin Tuvel Ermertcan

Abstract

Psoriasis is a chronic inflammatory skin disease, which is mainly characterized
with erythematous indurated plaques with squams such as many other inflammatory
skin diseases. Also different clinical subtypes of psoriasis can show distinctive clinical
appearances. As an example, inverse psoriasis does not have squams and resemble
erythema intertrigo; or erythrodermic variant cannot be distinguished from other
erythroderma causes sometimes. From reasons above, differential diagnosis of psori-
asis should be done carefully to manage a chronic and long-term treatment required
disease appropriately. Histopathologial examination is gold standard technique for
certain diagnosis; however, dermoscope is a noninvasive and easily applicable diag-
nostic tool with high specificity. In this chapter, we discuss dermoscopic differential
diagnosis of psoriasis.

Keywords: psoriasis, dermoscopy, inflammoscopy

1. Introduction

Psoriasis is a chronic inflammatory skin disease that progresses with remission and
exacerbations [1, 2]. It constitutes an important percentage, approximately 6-8% of
patients who apply to dermatology clinics [3]. Due to its high prevalence and chronic
course, it is important to diagnose it early and clearly to manage patient appropriately
and avoid functional losses as much as possible. In addition, in some situations that
should be intervened swiftly such as erythrodermic psoriasis or generalized pustular
psoriasis; the sooner we diagnose, the better we take control of disease setting.

In diagnosis of psoriasis, usually clinical observation is enough; however, in
doubtful cases, histopathological examination is required as gold standard technique.
However, it requires an invasive procedure and needs time for pathological prepara-
tion. With dermoscopy, we can mostly distinguish psoriasis from other resembling
diseases in clinic noninvasively. Despite it not being gold standard, easily applicable
and noninvasive properties of dermoscopy make it a helpful diagnostic tool and
reduce the need of performing biopsies.
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2. Dermoscopy of psoriasis types and differentials
2.1 Plaque psoriasis

Plaque psoriasis is the most common clinical subtype of psoriasis with 90% of all
cases [4]. It is characterized by erythematous, well-defined, and usually indurated
plaques greater than 1 cm in size with white-silvery scales on them (Figure 1). They
can vary in size and may coalesce. Especially rapidly progressing lesions can be seen in
annular configuration (Figure 2) [4, 5]. Removal of psoriatic scales may cause pin-
point bleedings, which is called Auspitz sign. Psoriatic plaques are mostly located in
the scalp, trunk, lumbosacral area, and extensor surfaces of extremities (Figure 3) [6].

2.1.1 Dermoscopy of plaque psoriasis

Dermoscopic examination of a psoriasis plaque should be done in three categories:
background, vessels, and scales. Examination should be done with minimal pressure
to visualize vessels better and with immersion oil if possible.

In dermoscopic examination of plaque psoriasis with handheld dermoscope, we
usually see regularly distributed dotted vessels in a reddish-pinkish background and
white scales (Figure 4) [7]. In some cases, background can be grayish-white due to
highly hyperkeratotic scales (Figure 5).

Apart from regular distribution, vessels can be distributed scattered, in clusters, in
rings, and patchy (Figure 6a). In higher magnifications (with videodermoscopy),
these dotted vessels can be seen as bushy capillaries, globules, radial capillaries,
globular rings, hairpin capillaries, and comma vessels in descending order [8]

(Figure 6b). Rarely dot blood hemorrhages can be seen in vessel locations (Figure 5).
Scales can be distributed diffuse, patchy, central, or peripheral in descending order;
however, white color is key point for scales [8, 9].

Figure 1.
Erythematous, well-defined indurated plaque with white scales.
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Figure 2.
Erythematous, annular plaques with white scales.

Figure 3.
Psoriatic plaques located on the trunk and extensor surfaces of the arms.

2.1.2 Dermoscopic differential diagnosis of plaque psoriasis

Differential diagnosis of plaque psoriasis should be done with skin diseases, which
are characterized by erythematous plaques with scales such as dermatitis, tinea
corporis, pityriasis rosea, pityriasis rubra pilaris, lichen planus, and non-pigmented
squamous cell carcinoma in situ.

In dermoscopic examination of dermatitis, we usually see patchy or scattered
distributed dotted vessels with yellow globules (corresponding to sero-crusts) [10].
Background can be erythematous or not depending on lesions phase (acute or

15
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Figure 4.
Regularly distributed dotted vessels on veddish background with patchy distributed white scales. Note dot blood
hemorrhages (ved circle). Anatomical localization: Upper extremity (x10).

Figure 5.
Background color can barely be seen due to diffuse thick white scales. Dotted vessels can be seen in the center. Note
dot blood hemorrhages (ved circle). Anatomical localization: Elbow (x10).

chronic). Hemorrhagic crusts can be seen as well secondary to traumatization
(Figure 7).

In dermoscopic examination of tinea corporis, we usually see peripherally located
dotted vessels and rough white scales (Figure 8). In contrast with psoriasis, dotted
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Figure 6.
a: Vessel distribution patterns (vegular, scattered, in clusters, in rings, patchy, respectively). b: Vessels subtypes can
be seen in higher magnifications (bushy, globular, vadial, globular ring, hairpin, and comma vessels, respectively).

Figure 7.
Yellow globules, dot blood hemorrhages, and hemorrhagic crusts, patchy distributed dotted vessels (ved circle).
Background is slightly pinkish. Anatomical localization: Lower extremity (x20).

vessels are not regularly distributed and not uniform. In addition, scales are only
located peripherally, tend to peel outward, and shaped in moth-eaten pattern [11].

Pityriasis rubra pilaris shows dotted and more frequently linear vessels,
perifollicular yellow-orange halos, follicular plugs with central hair on them
(Figure 9). Scales can be yellowish or whitish. Background is usually dark or
yellowish red [7, 12].

Squamous cell carcinoma in situ and psoriasis can be challenging especially in
solitary plaques. Dermoscopic clues for non-pigmented squamous cell carcinoma in
situ are dotted or glomerular vessels in clusters in the center and arranged in lines at
the periphery with yellowish white scales (Figure 10) [13, 14].

17
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Figure 8.
Peripherally located dotted vessels and white scales. Note the moth-eaten pattern (ved circle). Anatomical
localization: Trunk (x10).

Figure 9.
Dotted vessels regularly distributed on pinkish background. Note the follicular plugs and central hairs (ved circles).
Anatomical localization: Elbow (x20).

Dermoscopic features of plaque psoriasis and its differentials are summarized in
Table 1.

2.2 Guttate psoriasis

Guttate psoriasis, a psoriasis variant that is more common in pediatric population
and young adults. Distinctly from other variants, we know that guttate psoriasis is
selectively triggered by beta hemolytic streptococcal infections [15]. It is characterized
by erythematous, well-defined flat papules/plaques lower than 1 cm in size with
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Figure 10.

Glomerular vessels in the center, white scales. Note the linear arrangement of dotted vessels at the periphery (ved
circles) and actinic keratosis area at top left. Anatomical localization: Forearm (x20).

Background  Vessel Vessel Scales Additional features
types arrangement
Plaque Reddish- Dotted Regular Whitish-grayish
psoriasis  pinkish
Whitish (due
to
hyperkeratotic
scales)
Dermatitis Skin colored-  Dotted Scattered/ Yellowish Irregularly distributed
pinkish patchy dot blood hemorrhages
due to traumatization
Tinea Reddish Dotted Peripheral White and rough;
corporis peripheral; moth-
eaten pattern;
tend to peel
outwards
Pityriasis  Dark red/ Linear and/ Scattered Yellowish-whitish; Perifollicular yellow-
rubra yellowish red  or dotted follicular orange halos, follicular
pilaris plugs, central hair
Squamous  Pinkish Glomerular Regularly in Yellowish white Peripheral actinic
cell or dotted center, may scales keratosis areas may
carcinoma organize in help (white and wide
in situ lines at the follicular openings,
periphery rosettes)
Table 1.

Dermoscopic features of plaque psoriasis and its differentials.
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white-silvery scales on them. Lesions mostly located in the trunk and extremities
(Figure 11a and b).

2.2.1 Dermoscopy of guttate psoriasis

Dermoscopic features of guttate psoriasis are very similar with plaque psoriasis,
which is characterized by regularly distributed dotted vessels in a reddish background
and white scales on them (Figure 12). Due to guttate psoriasis’ smaller lesion sizes
(lower than 1 cm in diameter), findings may be insignificant when compared with
plaque psoriasis (Figure 13).

(@) (b)

Figure 11.
a: Slightly evythematous flat papules/plaques with white scales on them in an adolescent. Trunk localization. b:
Slightly erythematous flat papules/plaques with white scales on them in an adolescent. Extremity localization.

Figure 12.
Regularly distributed dotted vessels in veddish background. White scales. Anatomical localization: Upper extremity

(x10).
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Figure 13.
Regularly distributed dotted vessels on pinkish background. Scales ave white, thin, and patchy. Anatomical
localization: Upper extremity (x10).

2.2.2 Dermoscopic differential diagnosis of guttate psoriasis

Differential diagnosis of guttate psoriasis should be done with skin diseases, which
are characterized by erythematous papules/small plaques with scales. Pityriasis rosea,
lichen planus, nummular dermatitis, secondary syphilis, tinea corporis, pityriasis
lichenoides chronica, and disseminated eruptive porokeratosis may count as differen-
tial. (Dermatitis and tinea corporis will not be mentioned because they were discussed
above.)

Dermoscopic examination of pityriasis rosea shows irregular distributed dotted
vessels and peripheral thin white scale (Figure 14) [10]. Scales tend to peel outward as
in tinea corporis. But note the white scale is not rough and vessels are not in the same
distribution with scales. Background is generally skin-colored or slightly pinkish.

In dermoscopic examination of lichen planus, key point is detecting Wichkam
striaes, which cannot be seen macroscopically sometimes. In fair-skinned patients,

Figure 14.
Patchy distributed dotted vessels and peripheral thin white scale. The configuration of the scales named “collarette
sign.” anatomical localization: Back (x10).
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dotted and linear vessels around Wickham striae make these structures more visible
(Figure 15); however, in dark-skinned patients, absence of peripheral vascular struc-
tures around Wichkam striaes may lead to misdiagnosis [16].

In dermoscopic examination of secondary syphilis, yellowish-orange background
and absence of vascular structures are key points (Figure 16) [17]. Scales may be
present, however, thinner and smaller when compared with psoriatic scales.

In dermoscopic examination of pityriasis lichenoides chronica, we usually see
orange-yellowish structureless areas and focally distributed dotted or linear vessels
(Figure 17) [18].

Figure 15.
Reticular arranged white lines (Wickham striae). Note the dotted vessels around Wickham striae in this
fair-skinned patient. Anatomical localization: Lower extremity (x10).

Figure 16.

Yellowish-orange structureless area with thin white scales. Note the absence of vascular structures. Anatomical
localization: Back (x10).
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Figure 17.
Yellowish-orange structureless aveas with thin white scales. Note the focal dotted vessel arveas (ved circles).
Anatomical localization: Hand dorsum (x10).

Figure 18.
Small white scales on yellowish-brown background. Note the railway-like “cornoid lamella” at the periphery (red
arvows). Anatomical localization: Hand dorsum (x10).

In dermoscopic examination of porokeratosis, key clue is peripheral double lines
resembling railways (Figure 18). This feature is called “cornoid lamella” [19].

Dermoscopic features of guttate psoriasis and its differentials are summarized in
Table 2.

2.3 Inverse psoriasis

Inverse psoriasis is another clinical variant of psoriasis, which involves flexural
areas such as axillary, inguinal, and inframammary [20]. The prevalence of inverse
psoriasis is not clear and varies in 3-36% because of diagnostic challenges [21]. And
also it is controversial that if genital involvement is a part of inverse psoriasis; how-
ever, we include genital involvement under this topic for convenience of expression.
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Background Vessel types Vessel Scales Additional
arrangement features
Guttate Reddish- Dotted Regular Whitish-grayish,
psoriasis pinkish thin and small
Pityriasis Pinkish Dotted Patchy White, thin,
rosea (vascularization peripheral and tend
is not dominant) to peel outwards
“collarette sign”
Lichen planus Pinkish, Dotted or absent Aroud Whitish, patchy
violaceus Wickham distributed, thin
striae and small
Secondary Yellowish- ~ Absent White and thin
Syphilis orange
Pityriasis Pinkish, Dotted or linear Focal White, patchy, thin
lichenoides yellowish-
chronica orange
Disseminated Yellowish-  Unsignificant White, small Peripheral
porokeratosis brown railway like
double lines
called “cornoid
lamella”
Table 2.

Dermoscopic features of guttate psoriasis and its differentials.

(a)

Figure 19.

(b)

a: Erythematous plaque located in inframammary fold. b: Erythematous papules and plaques located in axillary
fold. Note peripheral lesions have mild white scales.

Inverse psoriasis is typically present with well-defined erythematous plaques
located in flexural areas (Figure 19a and b). It can present with or without typical
psoriasis plaques. In contrast with plaque and guttate psoriasis, scales are insignificant

or absent.
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Genital involvement shares similar clinical features with inverse psoriasis such as
well-defined erythematous papules and plaques (Figure 20). However, occlusion in
the genital areas is not as much as flexural areas, scales could be more visible in the
genitals.

2.3.1 Dermoscopy of inverse psoriasis

Dermoscopic features of inverse psoriasis are characterized by regularly distrib-
uted dotted vessels on reddish background (Figure 21). In contrast with other vari-
ants, scales are absent. Absence of scales enhances visualization of vascular structures.
Consequently, dermoscopic differential diagnosis of flexural dermatosis mainly leans
on evaluation of vascular structures.

Figure 20.
Coalesced erythematous papules located in the glans penis and penile dorsum.

Figure 21.
Regularly distributed dotted vessels on pinkish background. Anatomical localization: Inframammary (x10).
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2.3.2 Dermoscopic differential diagnosis of inverse psoriasis

Differential diagnosis of inverse psoriasis should be done with skin diseases, which
present with erythematous patches/plaques in flexural and genital areas. Mechanical
intertrigo, seborrheic dermatitis, lichen planus inversus, and fungal/bacterial infec-
tions may count as differential. Because no clear dermoscopic features have been
defined for mechanical intertrigo and flexural infections, we will discuss dermoscopic
features of seborrheic dermatitis and lichen planus inversus under this topic.

The main dermoscopic features of seborrheic dermatitis of flexural areas are irreg-
ularly distributed linear, blurry vessels [22]. As we mentioned before, we do not see
classical yellowish scales of seborrheic dermatitis in flexuras.

When we review the literature so far, there are only three reports about
dermoscopic features of lichen planus inversus. In all of these reports, dermoscopic
features of only pigmented variant of lichen planus inversus were evaluated and
defined as diffuse brown patches containing multiple granular gray-brown dots
[23-25]. In our clinical practice, we see non-pigmented lichen planus inversus more
than pigmented subtype. According to our dermoscopic experience, Wickham
striae, which is seen in lichen planus inversus, tends to be in “starry sky” or “radial
streaming” pattern rather than reticular pattern. Background is usually pinkish or
violaceous. Dotted vessels usually encircle Wickham striae (Figure 22).

Dermoscopic features of inverse psoriasis and its differentials are summarized in
Table 3.

2.4 Pustular psoriasis

Pustular psoriasis is a rare clinical variant of psoriasis, which is characterized by
sterile pustules on an erythematous skin (Figure 23). It could be either local or
generalized [26]. In generalized pustular psoriasis, concomitant fever, malaise,
dehydration may also be present [27].

Figure 22.
Wickham striae in “radial streaming” pattern (red circle) and “starry sky” pattern (blue circle). Dotted vessels
surround Wickham striae in a patchy arrangement. Anatomical localization: Intermammary (x10).
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Background Vessel Vessel Additional features
types arrangement
Inverse Reddish- Dotted ~ Regular
psoriasis pinkish
Seborrheic Pinkish Linear, Irregular
dermatitis of blurry
flexural areas vessels
Lichen planus  Pinkish, Dotted ~ Aroud According to our dermoscopic experience,
inversus violaceus or Wickham Wickham striae, which is seen in lichen planus
absent  striae inversus, tends to be in “starry sky” or “radial

streaming” pattern

Table 3.
Dermoscopic features of inverse psoriasis and its differentials.

Figure 23.
Small pustules and lake of pus on erythematous background.

2.4.1 Dermoscopy of pustular psoriasis

Dermoscopic features of pustular psoriasis are characterized by regularly distrib-
uted dotted vessels with milky globules (corresponding to sterile pustules) on reddish
background (Figure 24) [28]. Attention should be paid on non-follicular localization
of pustules. Typical vascular structures are seen. Nonspecific yellow crust may be
seen. Dermoscopic features are same in both localized and generalized subtypes.

2.4.2 Dermoscopic differential diagnosis of pustular psoriasis

Dermoscopic differential diagnosis of pustular psoriasis should be done with acute
generalized exanthematous pustulosis (AGEP). In life-threatening clinical conditions
such as generalized pustular eruptions, rapid and right diagnosis is essential, and
dermoscope is very helpful at that point. In both pustular psoriasis and AGEP,
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Figure 24.
Milky globules and vegularly distributed dotted and bushy vessels on reddish background in pustular psoriasis.
Anatomical localization: Trunk (x10).

pustules are sterile, disseminated, may coalesce, and be non-follicular. Thereby, we
cannot distinguish these two situations by their clinical view only. In dermoscopic
examination of both pustular psoriasis and AGEP, non-follicular milky globules on
reddish background are seen [28]. Discriminately, in pustular psoriasis we see regu-
larly distributed dotted vessels (Figure 24). In dermoscopic examination of AGEP,
background is usually pinkish and vascular structures are absent (Figure 25) [29].

2.5 Erythrodermic psoriasis

Erythroderma is a life-threatening condition, which is defined as desquamation
and erythema of more than 90% of body surface area [30]. Erythrodermic variant of
psoriasis (Figure 26) generally occurs due to poor control of disease, withdrawal of
anti-psoriatic treatments, triggering drug intake, underlying systemic infections or

Figure 25.
Milky globules on reddish background. Globules are non-follicular (ved circle). Note the absence of vessels.
Anatomical localization: Trunk (x10).
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Figure 26.
Desquamation and erythema of all body surfaces.

conditions [31]. Clinical clues for erythrodermic psoriasis diagnosis are known history
of psoriasis, psoriatic nail changes, presence of psoriatic arthritis. However, if none of
the mentioned features is present, dermoscopy could be a game-changer.

2.5.1 Dermoscopy of erythrodermic psoriasis

Dermoscopic features of erythrodermic psoriasis are the same as other psoriasis
variants. Regularly distributed dotted vessels on a reddish background, and patchy
white scales are seen (Figure 27) [32].

2.5.2 Dermoscopic differential diagnosis of erythrodermic psoriasis

Dermoscopic differential diagnosis of erythrodermic psoriasis includes dermatosis
that can present with erythroderma such as atopic dermatitis, mycosis fungoides, and
pityriasis rubra pilaris (Pityriasis rubra pilaris will not be mentioned because it was
discussed above.)

Dermoscopic examination of atopic dermatitis shows typical dermatitis features.
Yellowish globules (corresponding to sero-crusts) and patchy distributed dotted
vessels on a pinkish background are demonstrative (Figure 28) [32].

Dermoscopic features of erythrodermic mycosis fungoides are a combination of
linear and dotted vessels on a pale pinkish background (Figure 29) [32]. Some short
linear vessels may be curved and named as “spermatozoon-like” vessels.
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Figure 27.
Regularly distributed dotted vessels and white scales. Anatomical localization: Lower extremity (x20).

Figure 28.

Yellow globules, patchy distributed dotted vessels. Background is slightly pinkish. Tiny white scales are also present.
Tiny white scales correspond to desquamation areas. Anatomical localization: Trunk (x10).
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Figure 29.
Linear, serpiginous, and dotted vessels on pinkish background. Tiny white scales corvespond to desquamation areas.
Anatomical localization: Trunk (x10).

Background Vessel Vessel Scales Additional
types arrangement features
Erythrodermic Reddish Dotted Regular White, scattered-
psoriasis patchy scales
Erythrodermic atopic  Pinkish Dotted Patchy Yellowish
dermatitis sero-crusts
Erythrodermic Pinkish Linear and  Scattered Whitish scales can
mycosis fungoides (pale) dotted present.

Table 4.
Dermoscopic features of erythrodermic psoriasis and its differentials.

Dermoscopic features of erythrodermic psoriasis and its differentials are
summarized in Table 4.

3. Conclusions

Psoriasis is a common skin disease with different clinical presentations. Generally,
clinical evaluation is enough for diagnosis, though dermoscope is a helpful and noninva-
sive examination technique that enhances true diagnosis ratio. Knowing psoriasis’ and its
differentials’ dermoscopic features may reduce requirement for histopathological exam-
ination and also makes rapid diagnosis possible in life-threatening conditions such as
erythroderma. Note that regularly distributed dotted vessels on a reddish background are
the most important clues for any variant of psoriasis. In doubtful cases, histopathological
examination should be done for verifying the diagnosis as a gold standard technique.
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Chapter 3
Psoriasis and Skin Comorbidities

Florentina Silvia Delli and Elena Sotiriou

Abstract

Psoriasis is a heterogeneous skin disease with many clinical presentations in
patients with different medical backgrounds. Medical specialties such as rheumatol-
ogy, pathology, and cardiology focus lately on the systemic inflammation nature
of the psoriatic disease. From the Dermatologist’s point of view, the revolution of
therapeutic spectrum in many autoimmune skin diseases, as well as the progression
noted in physiopathological mechanism, the skin comorbidities became an important
issue regarding therapeutic choice.

Keywords: psoriasis, vitiligo, alopecia areata, autoimmune bullous skin diseases

1. Introduction

Psoriasis is not a merely skin disease but rather a multisystemic inflammatory
disorder. As such, comorbidities, including but not limited to cardiovascular diseases
and metabolic syndrome, play a significant role in therapeutic decision-making. Even
though skin comorbidities in patients with psoriasis are common, they are usually
neglected. The epidemiology studies and therapy-related literature dominate the
recently published relevant data. The pathogenesis of comorbid diseases, either sys-
temic or dermatologic, in patients with psoriasis remains unknown; however, shared
inflammatory pathways, cellular mediators, genetic susceptibility, and common risk
factors are hypothesized to be contributing elements.

Patients with psoriasis are more likely to have at least one other autoimmune disease
[1], including vitiligo [2], alopecia areata [1], and autoimmune bullous diseases [3].

The clinical implications of the most frequent comorbid skin diseases associated
with psoriasis are discussed in this chapter.

2. Psoriasis and skin comorbidities
2.1 Psoriasis and vitiligo

Vitiligo is the most common disorder of pigmentation. Although the association of
psoriasis and vitiligo has been described since 1890, the interrelationship between the
two dermatoses remains debatable. Most of the studies found that 6% of patients with
vitiligo develop psoriasis [4, 5] and 2% of patients with psoriasis suffer from vitiligo
[4]. Furthermore, a clinical and even dermoscopic challenge is to distinguish vitiligo
from the occurrence of hypopigmentation in areas of previously affected psoriatic
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skin [6]. Healing of psoriatic lesions often leaves hypopigmentation that could
simulate vitiligo. There have been cases reported in the literature of psoriatic plaques
and guttate lesions strictly localized to the vitiliginous patches (Figure 1), and the
two dermatoses occurring together without strict colocalization of lesions. In many
cases, it is difficult to say which disease starts first, vitiligo, or psoriasis, or may occur
at the same time. A retrospective study found that almost 47% of patients having both
diseases had separated lesions [7], while, in another study, 34% of patients’ psoriatic
plaques covered the vitiligo patches [8].

Many hypotheses tried to explain the pathogenesis of vitiligo. These hypotheses
consider the role of neural implication, microvascular anomalies, melanocyte degen-
eration from oxidative stress, defects in melanocyte adhesion, autoimmunity, somatic
mosaicism, and genetic influences [9]. Genetic and immunological factors are present
in both diseases, psoriasis and vitiligo. A study in China found that both skin diseases
share a common genetic locus in the major histocompatibility complex (MHC) [10].
Precisely, the rs. 9468925 in HLA-C/HLA-B is associated with both psoriasis and
vitiligo, providing the first substantial evidence that two different skin diseases share
a common genetic locus in the MHC. In the molecular etiopathogenesis mechanism
of both diseases, Thl cytokines play a key role. Vitiligo and psoriasis are both chronic
inflammatory Th1 type autoimmune diseases with increased TNF-o and interferon y
levels [8]. Otherwise, both share the activation of the Th17 pathway [11]. Even more,

Figure 1.
A typical elbow psoriatic plaque on vitiligo area. Photo from personal collection.
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the memory cells might be a link between psoriasis and vitiligo. Recent translational
research shows the presence in psoriatic skin of memory CD8+ T cells directed
against the melanocyte-derived protein ADAMTSLS [12], a protein that may favor the
development of vitiligo in a predisposed patient. The tissue-resident memory T (Tgrm)
cells are also vital in the recurrence of chronic inflammatory skin disorders, including
psoriasis and vitiligo, under pathological or uncontrolled conditions [13].

An interesting phenomenon is the case of vitiligo induced by biological drugs
used for psoriasis treatment. The anti-TNF-a (etanercept, infliximab) is one of the
most cited groups of biological drugs that induce new-onset vitiligo or progression of
pre-existence vitiligo in psoriatic patients [14]. Even anti-IL12/23 [15] and anti-IL17
[15, 16] class can induce a progression of pre-existing vitiligo, while, to date, no cases
are reported in the literature considering anti-IL23 drugs. It is difficult to under-
stand how molecules that block cytokines involved in both diseases’ pathogenesis
can trigger the mechanisms underlying this phenomenon. However, a new type of
medication that functions by inhibiting the activity of one or more of the Janus kinase
family of enzymes (JAK1, JAK2, JAK3, TYK2), thereby interfering with the JAK-STAT
signaling pathway, have been approved for psoriatic therapy and are also a promising
novel therapy for vitiligo.

In conclusion, the paucity of data on the link between psoriasis and vitiligo under-
lines the gaps of knowledge on this topic. To highlight the pathogenetic mechanisms
underlying the two diseases are strongly needed further studies.

2.2 Psoriasis and alopecia areata

Psoriatic lesions of the scalp are sometimes associated with symptomatic hair
loss and alopecia. The type of alopecia can be, in most cases, characterized using the
dermatoscope.

Alopecia areata (AA) is the most common immune-mediated hair loss disorder
with a lifetime prevalence of 2% [17]. Early studies of the last decade showed that
patients with psoriasis and psoriatic arthritis have a higher risk to develop other
autoimmune disorders, particularly alopecia areata (AA) [1, 18]. Two large popula-
tion studies demonstrated an odds ratio of 2.4 [1, 18].

The Renbeok phenomen, the opposite of the Koebner phenomenon, was origi-
nally described in AA patients where hair growth was observed in psoriatic plaques.
Generalizing, it is an interesting phenomenon where one skin condition inhibits other
skin conditions and confirms once again the complex immunological overlap between
these two skin diseases.

In the case of a patient with psoriasis and AA, the complexity of the common
immunological paths that share these both skin disorders must be considered when
selecting therapeutic regimens, to avoid worsening one of their inflammatory condi-
tions while treating the other. For example, contrary to the initial hope that tumor
necrosis factor a (TNFa) may have a role in the pathogenesis of AA, many reports
have demonstrated the inefficiency of anti-TNFa drugs in the treatment of AA [19].

Moreover, careful selection of biological treatment regimens may offer thera-
peutic benefits for both their psoriasis and AA while giving us experience with the
newer biologics in AA. The investigation of cytokine profile and the relation between
different categories of cytokines is continuing in both psoriasis and AA. A recent
example comes from a recent study where the authors conclude that psoriasis T helper
type 17 (Th17) cytokines can inhibit some inflammatory processes involved in AA
pathogenesis [20].
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2.3 Psoriasis and bullous diseases

Autoimmune bullous diseases (AIBD) and more frequent pemphigoid group, often
develop in patients with psoriasis. The rare nature of AIBD makes collecting epide-
miologic data with a representative number of patients a laborious process. Among
the pemphigoid diseases, bullous pemphigoid (BP), the most prevalent subcutaneous
autoimmune bullous disease worldwide, is also the most prevalent blistering disease
associated with psoriasis. This association has been studied and confirmed on large
populations [21-24]. BP and psoriasis do not share any common HLA or otherwise
genetic susceptibility. A consequence of epigenetic events related to the psoriatic
inflammatory cascade and changes at the basal membrane zone in psoriasis is possible
pathogenetic hypotheses, along with increased of certain Th1/Th17 cytokines and
chemokines levels that may be another link for their association [25].

Antilaminin y1 pemphigoid is the second most prevalent AIBD associated with
psoriasis, followed by the combination of BP with antilaminin y1 pemphigoid [26].
The explanation of the subepidermal blister formation in psoriatic patients is mainly
provided by Mondello and Vaccaro studies [27, 28]. The cleavage and disruption of
laminin 1 and laminin ol within basal membrane zone, either in apparent normal
skin or psoriatic lesion [27, 28], might be the main trigger factor for several antibod-
ies production, such as anti-laminin y1 and anti bullous pemphigoid antigen 180
(BP180). As a result, the development of BP rash is sometimes observed in psoriatic
patients. In the same case series of Ohata et al. [26], three patients presented linear
IgA bullous dermatosis and two epidermolysis bullosa acquisita.

The relation between psoriasis and BP seems to be bidirectional. The only pub-
lished study that confirms that psoriasis occurs significantly more frequently in
patients with BP than in the control group, comes from Taiwan [21]. Large population
studies in each country are necessary to support this association.

Mucous membrane pemphigoid is also a rare chronic autoimmune disorder char-
acterized by subepidermal blistering that has been observed in patients with psoriasis
[29]. The laminin degradation stimulated by matrix metalloprotease 9 released from
neutrophil infiltrate in the patients with psoriasis may contribute to decreasing the
threshold of autoantibodies against laminin y1 production [30, 31].

A recent systematic review and meta-analysis evaluating the association between
pemphigus and psoriasis confirm this association [32]. However, it is difficult to find
common pathways between pemphigus and psoriasis pathophysiologic mechanisms.

3. When psoriasis coexists with other skin diseases

Often chronic skin inflammatory diseases coexist with psoriasis suggesting
common pathogenic pathways.

Among them, hidradenitis suppurativa (HS) also exhibits a systemic inflamma-
tory nature with systemic comorbidities similar to psoriasis. The systemic inflam-
mation might explain the observation of a recent study, where it was found that in
patients with both HS and psoriasis, the disease diagnosed first tended to take a more
severe course than the later diagnosed (Figure 2) [33].

Pityriasis rubra pilaris (PRP) is an inflammatory dermatologic disorder of
unknown cause, which often is misdiagnosed as psoriasis. However, differentiating
between erythrodermic PRP and pustular psoriasis is challenging even histologically.
The same treatment is indicated in both diseases, despite the absence of standard
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Figure 2.
A 65-year-old male patient. Hidradenitis suppurativa Hurley III coexists with psoriatic plaques. Photo from
personal collection.

recommended treatment algorithms for PRP. According to recently published data,
we must consider the coexistence of psoriasis and autoimmune diseases in patients
with PRP [34]. From our personal experience, a patient can present with erythroder-
mic PRP and the improvement of the rash might be followed by the appearance of
classical plaque psoriasis after treatment with an anti-TNF-«a biological agent.

One of the most paradoxical relationships is between psoriasis and atopic derma-
titis (AD). The Th17 immune response is dominant in psoriasis and causes neutrophil
migration, induction of innate immunity, and increased epithelial metabolism,
while Th2 immunity that characterizes AD is dominated by IL-4 and IL-13 cytokines
leading to an impaired epidermal barrier, dampened innate immunity, and eosinophil
migration. However, the association of AD with psoriasis is not so rare. Both diseases
share many characteristics: high prevalence, chronicity, primary skin inflammation,
associated comorbidities, important impact on the quality of patient’s life due to itch
and stigmatization. Some authors consider that the co-occurrence is an overlapping
syndrome [35] and others found bidirectional association [36]. In Bozek’s study [35]
the patients with concomitant AD and psoriasis were frequently boys and overweight
and had skin lesions equally distributed throughout the body. Despite the fact that the
pathogenesis of psoriasis and AD is different, a family history of atopic disease is a
more frequent finding in children with concomitant AD and psoriasis and in children
with AD than in children with only AD or psoriasis [35]. Genetics and epigenetics
studies with a focus on this topic might provide useful data regarding the particular
management of patients with AD and psoriasis.

4. Conclusion

A new research field in many autoimmune skin diseases and the new therapeutic
target molecule consequently developed constitutes the base for the addition of
autoimmune skin comorbidities on the general list of psoriasis-associated diseases.
Evidence increasingly suggests a relation between psoriasis and vitiligo, alopecia
areata, and autoimmune subepidermal bullous diseases.
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Recognizing all the comorbid disease burden of psoriasis is essential for ensuring
comprehensive care of patients with psoriasis.
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Abstract

The burgeoning arena of immunometabolism provides evidence of how cellular,
as well as local (tissue)/systemic metabolic pathways, are playing an important role
in controlling immunity and inflammation. An intricate and elaborate network of
various metabolic circuits specifically glycolysis, fatty acid oxidation and synthesis
and amino acid metabolism precisely generate metabolites that rewire the immune
response. Psoriasis is a chronic progressive self-perpetuated “IL-17-centric” inflam-
matory disease characterized by the co-existence of autoimmune and autoinflamma-
tory pathways. Metabolic responses, governed by oxygen levels, nutrient availability,
growth factors, cytokines, AMP/ATP ratios and amino acids, play a pivotal role in
programming Th17 cell fate determination. Understanding the intricate interactions
and complex interplay of molecular mechanisms responsible for Th17 cell metabolic
rewiring, an important determinant of Th17 cell plasticity and heterogeneity, holds
the potential to reshape psoriatic therapeutics in ways currently unimagined. This
chapter entails with most recent updates on major cellular and systemic metabolic
pathways regulating differentiation of Th17 cells as well their cross-talk with intracel-
lular signaling mediators and also sheds light on how dysregulation of these pathways
can be responsible for immune impairment and development of psoriatic disease. A
better understanding of these metabolic processes could unveil an intriguing leverage
point for therapeutic interventions to modulate metabolic programming and Th17 cell
responses in this multi-systemic inflammatory disease.

Keywords: IL-17, Th17 cells, immune-metabolism, psoriasis, psoriatic disease

1. Introduction

Environment-driven metabolic adaptations perform important roles in regulating
the immune system. Specific metabolic pathways control T-cell activation/prolifera-
tion/differentiation and regulate the switch towards either pro- or anti-inflammatory
responses: it, therefore, seems rational that metabolic trepidations can alter self-
immune tolerance [1]. Aberrant metabolic pathways constitute a molecular snapshot
of the cellular processes that are exaggerated during disease pathogenesis [2]. This
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immune-metabolic interactome can orchestrate the choreography of interleukin
(IL)-17-producing T helper (Th17) cells-induced pathogenicity in psoriatic patients,
manifested as a ‘psoriatic march’, ultimately resulting in the development of a variety
of psoriasis-associated co-morbidities [3]. Metabolic anomalies influencing the T
regulatory cells (Treg)/Th17 axis play a paramount role in the pathophysiology of
psoriasis, so it is imperative to understand the close linkage between metabolic path-
ways and immune cell function: this may unveil specific interventional targets and
suggest indirect dietary styles and repositioning of metabolic drugs that beneficially
impact the abnormal T-cell metabolism [4].

2. Thi7 cells

Faced with any antigenic stimulus, either an intracellular or extracellular patho-
gen or any tissue homeostatic alteration, naive CD4" T-cells respond via activation,
proliferation, and finally differentiation into specialized T-effector cell subsets which
are specifically programmed to deal with the offending agent/s. One such specialized
T-effector cell subset is comprised of Th17 cells, best known as a host-defensive effec-
tor T-cell subset at barrier mucosal tissues (intestine, lung, skin) with a prime role in
providing immunity against fungi and other extracellular pathogens and in sustain-
ing gut barrier integrity by transdifferentiating into Thl-like or Treg-like cells [5].
Retinoic acid-related orphan receptor-gamma (RORyt), a signature ligand-dependent
transcription factor for Th17 cells has been characterized as the molecular orchestra-
tor of Th17 cell program. RORyt belongs to a subfamily of nuclear receptors, encoded
by the master switch gene RORA-C (or NR1F1-3) [6]. A variety of transcriptional
regulators of RORyt, as well as other transcription factors that either interact with
RORyt or bind the promoter or the intergenic regions of the IL-17 gene locus, play a
crucial role in the generation of Th17 cells (Figure 1) [7].

Th17 cells exhibit much superior plasticity compared to other T-cell subsets and
epitomize a highly functionally diverse effector T cell population and also display
stem cell-associated features [8]. Transforming growth factor (TGF)-f1 and IL-6
induced non-pathogenic/anti-inflammatory Th17 cells have been shown to play
an important role in supporting cellular and organismal metabolic homeostasis as
well [9]. However, Th17 cells are also recognized for their pathogenicity against the
host, due to their association with several autoimmune diseases including psoriasis,
multiple sclerosis, rheumatoid arthritis, inflammatory bowel disease, and diabetes
mellitus. TGF-p3-induced, IL-23- dependent, functionally distinct pathogenic Th17
cells are characterized by different molecular, biochemical, and metabolic profiles
(Table 1), conferring a proinflammatory phenotype to this effector T-cell subset [10].

Th17 cell evolution towards pro-inflammatory vs. anti-inflammatory or homeo-
static phenotype is determined not only by a set of specific polarizing cytokines
(TGF-p3 + IL-23 or IL-1p + IL-6 + IL-23 vs. TGF-f1 + IL-6) but also by a dynamically
changing metabolic milieu comprised by a variety of metabolites viz. fatty acids,
phospholipids, cholesterol intermediates, oxysterols and amino acids [11-16]. These
metabolites drive Th17 plasticity by changing the latter’s epigenetic landscape by serv-
ing as substrates for chromatin-modifying enzymes [17]. This remarkable metabolic
heterogeneity can hugely influenceTh17 cell lineage plasticity and their effector func-
tion, thereby impacting the course of Th17-associated autoimmune inflammatory
diseases, including psoriasis [18].
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Figure 1.

IL%17 induced “Psoriasogenicity”: psoriatic march. (A) A constellation of regulatory factors including hypoxia-
inducible factor (HIF)-1a (with vecruited factor p300 having histone acetyltransferase activity), runt-velated
transcription factor (RUNX1), basic leucine zipper ATF-like transcription factor (BATF)- Jun B heterodimer,
nuclear factor of activated T cells (NFAT), p65 NF-kB subunit, and signal transducer and activator of
transcription (STAT) 3 act as co-operators of RORC gene, enhancing its expression and resulting in increased
Thiy- lineage-specific transcription factor RORyt. (B) RORyt binds to ROR response elements (RORE) located
in CNS2 (conserved non-coding sequences) of the IL-17 gene, and globally controls its transcription. The effect
of transcriptional regulator RUNX1 (binding to CNS2 vegion of IL-17) is also dependent on RORyt; HIF-1a
(coactivator for RORyt) physically associates with RORyt promoting IL-17 expression without direct binding on
IL-17 locus. Nuclear protein inhibitor of kB (IkB){, is another regulator, that also binds CNS2 elements in the
IL-17 locus. Various other transcription vegulators that promote IL-17 gene expression by binding to its promoter
include BATE, JunB, interferon regulatory factor (IRF)4, STAT3, Kruppel-like factor (KLF) 4. (C) IL-17 leads
to induction of various genes encoding for inflammatory mediators, chemokines, antimicrobial peptides, and the
osteoclastogenic factor RANKL. This leads to the wide-spread biological effects of IL-17, affecting a variety of cell
types/tissues including kevatinocytes, endothelial cells, fibroblasts, epithelial cells, and bone.
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Parameter Non-pathogenic Thi17 cells Pathogenic Th17 cells
Polarizing cytokine TGF-p1/IL-6 TGF-p3 + IL-6

IL-1f + IL-6 + IL-23
Master transcription factor RORyt RORyt

Upregulated expression of other relevant
genes important for Th17 cell heterogeneity

IL-10, Ahr, cMaf

IL-23, T-bet, CSF2

CD5SL expression

Positive

Negative

Cytokines secreted

1L-17,1L-10, IL-9

IL-17, IFN-y, GM-CSF

Metabolic profile

Glycolytic 1

Glycolytic 111

Glutaminolytic 1

Glutaminolytic 111

Lipogenic (FAS) 111 Lipogenic (FAS) 111
Cholesterol biosynthesis?t Cholesterol
biosynthesis 111
Biochemical profile:
* Cholesterol & it’s derivatives Low High
* PUFA levels High Low
* SFA/MUFA levels Low High
a-KG, 2-HG levels High 1 High 111

Functional profile Anti-inflammatory/regulatory Pro-inflammatory

Homeostasis/microbiota Autoimmunity
homeostasis

Tissue repair/barrier integrity Fibrosis
Adipogenesis Tumorigenic
Thermogenesis

Ahy, aryl hydrocarbon receptor; c-maf, c-musculoaponeurotic fibrosarcoma expression; csf2, colony stimulating factor;
T-bet, T-box expressed in T cells; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; MUFA, monounsaturated
fatty caids; a-KG, alpha-ketoglutarate; 2-HG, 2-hydroxyglutarate.

Table1.
Differences between non-pathogenic and pathogenic Thiy cells.

3. Psoriasis/psoriatic disease

Psoriasis is a progressive self-sustained and self-perpetuated inflammatory disease
driven by the coexisting autoimmune and autoinflammatory pathways that, while
primarily presenting with cutaneous involvement, also manifests as seronegative
inflammatory arthritis with synovitis, enthesitis, dactylitis, and spondylitis [19]. It
is quite heterogeneous in nature, characterized by a dynamic interplay of the indi-
vidual’s genetic landscape, tissue-specific immune micro-environments, metabolite/
immune-metabolite signature, host-microbiome interactions, and biomechanical
stressors [20, 21].

3.1 Psoriasis and metabolic syndrome

Psoriasis has long been recognized as a chronic immune-mediated multi-systemic
inflammatory disorder, associated with numerous comorbidities viz. Crohn’s disease,
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depression, cardiovascular disease, and metabolic syndrome [22]. A concept of
‘psoriatic march’ was postulated by Boehncke et al. for this inflammatory cascade

to highlight the series of systemic inflammatory effects and their relationship with
obesity and metabolic syndrome [23]. Metabolic syndrome represents a spectrum of
metabolic complications encompassing obesity, hypertension, type 2 diabetes, insulin
resistance, atherogenic dyslipidemia and non-alcoholic fatty liver disease (NAFLD)
[21]. A recent metanalysis of 63 studies encompassing 15,939 psoriasis patients

and 103,984 controls reported a significant association of psoriasis and metabolic
syndrome (Odds ratio: 2.077; 95% confidence interval: 1.84-2.34) emphasizing
regular monitoring of psoriatic patients for metabolic syndrome complications,
including increased fasting plasma glucose levels, raised triglyceride levels, lowered
high density cholesterol (HDL) levels, hypertension, and waist circumference

[24]. Concurrent occurrence of these metabolic complications in psoriatic patients
increases their risk of developing micro and macrovascular adversities contributing
to significant morbidity and mortality [25, 26]. Increasing evidence demonstrates a
complex interplay among immune cells with attendant aberrant immune dysfunction
(such as is seen in psoriasis) and altered cellular and systemic metabolic axes across
various organ systems, including adipose tissue, in triggering both local and systemic
inflammation [27].

3.2 Th17/IL-17: crucial players in psoriasis

Psoriasis is considered as a “IL-17 centric” disease with a preponderance of
pathogenic Th17 cells [28]. Psoriatic Th17 cells produce high levels of IL-17 (A to F),
IL-26, IL-29 and IL-22 that synergistically act as transcriptional enhancers of many
keratinocyte-expressed genes. IL-26 is linked with increased vascularisation while
IL-29 regulates the expression of antiviral proteins [29, 30]. IL-17 induced inflamma-
tory effects are not only limited to cutaneous plaques but also to more distant altera-
tions in numerous different cell types that are responsible for producing systemic
inflammatory effects and psoriasis-associated co-morbidities [31]. (Figure 1) IL-17
mediated psoriasogenicity is also linked in part to its synergism with other cytokines
such as tumor necrosis factor (TNF)-a, [L-22, IL-23, IL-1p, IL-6, TGF-p across vari-
ous organ systems [32].

4, Immunometabolism

A multifaceted, complex regulation of immune networks both depend on,
and influences, cellular and local/systemic metabolic environment. This intricate,
dynamic interplay between immunity and metabolism, i.e., “immunometabolism”
outlines the metabolic patterning of immune cells and maintains metabolic homeo-
stasis (local/systemic) but can also result in metabolic disorders dominated by
deranged immune cells [33, 34]. In other words, immunometabolism can be defined
as amolecular and biochemical intertwining of metabolism and immunology in all
organisms that accounts for the physiological functioning of the immune system
in different metabolic conditions in health and disease [35]. Immune response/
inflammation can modulate cellular and tissue/systemic metabolism and vice-
versa. Therefore, there are 2 dimensions to immunometabolism: the first is “cellular
immunometabolism”, which includes the intracellular metabolism of a variety of
immune cells under different states of activation, polarization, proliferation, and
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differentiation and the 2nd dimension is tissue/systemic immunometabolism, which
explores the influences of immune cells and their products on local and systemic
metabolism across various settings/organs [36]. Thus, the immune system, which
can be prompted by the metabolic status of the body can, in turn, have significant
consequences on cellular and systemic metabolic homeostasis or disarray.

We will cover these two dimensions of psoriasis-associated immune-metabolism
separately:

A. Cellular immunometabolism

The impact of changes in major cellular metabolic pathways on differentiation of
Th17 cells, the “signature” cells in psoriasis.

B. Tissue/systemic immunometabolism

The influence of the resultant Th17 response on metabolism across various tissues
or organs, especially white adipose tissue (visceral and cutaneous) culminating in
metabolic syndrome and other psoriasis-associated co-morbidities.

Before delving deeper into these, we will brush up on immune-metabolic signal-
ing pathways and discuss a basic outline of the major metabolic pathways used by
immune cells.

4.1 Metabolic regulation of immune cells

Innate as well as adaptive immune cells have immense malleability to actively
respond to different metabolic demands and diverse metabolic microenvironments
via dynamic regulation of intracellular metabolism in health and disease [37].
Extracellular/environmental cues such as partial pressure of oxygen, oxidative stress,
organ-specific pH, nutrient gradients, and disease-dependent fluctuations of the
metabolic environment, can shift the metabolic homeostasis of immune cells. Body
fluids such as blood and lymph, and the nervous system represent communication
conduits for inter-organ coordination; distal communication is executed by the usual
messenger molecules (hormones, neurotrophic peptides, cytokines, chemokines, and
metabolites) while organelle communication within the cell is carried out by intracel-
lular, spatially organized metabolic processes [38]. These communication networks at
various levels orchestrate and harmonize responses to environmental cues/immuno-
logical challenges. The signals are sensed by metabolic serine/threonine kinases viz.
phosphoinositide 3 kinase (PI3K)—protein kinase A, G and C (AGC) kinases (Akt),
mechanistic/mammalian target of rapamycin (mTOR) C1/C2, and energy stress
pathway kinases, i.e., liver kinase (LK) B1-5’AMP-activated protein kinase (AMPK)
in co-ordination with metabolic transcription factors like hypoxia-inducible factor
(HIF)-1a, cellular-myelocytomatosis oncogene (c-MYC) and associated nutrient sig-
naling networks. These integrate available environmental information to synchronize
cellular proliferation by metabolic revamping [39]. mTOR has been recognized as a
molecular orchestrator of immune cell metabolism and catalyzes aerobic glycolysis
and anabolic metabolism after stimulation by proinflammatory agents [40]. AMPK,
a sensitive radar for decreased cellular nutrients and energy, stimulates catabolic
pathways by impeding mTORC1 activity and primarily facilitates T cell adaptation to
situations of low nutrient availability as seen during malnutrition, starvation and in
hypoxic microenvironments associated with chronic inflammatory conditions [41].
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AMPK signaling promotes cell survival and also triggers autophagy (as an energy-
preserving mechanism) and mitochondrial biogenesis. HIF-1a, regulated by growth
factor signals, oxygen levels, and reactive oxygen species (ROS), rapidly increases
in an mTOR-dependent manner and binds to hypoxia response elements (HRE)
located in the promoter region of various target genes, this leads to their activation by
opening the chromatin structure. Thus, the mTOR/HIF-1a axis is associated with the
initiation and development of a “pro-inflammatory” metabolic signature while acti-
vation of AMPK favors the generation of an anti-inflammatory/tolerogenic response.
These intertwined and reciprocal PI3K-Akt/mTORC/HIF-1a/c-MYC and LKB1-
AMPK immunometabolic signaling networks crosstalk via direct reciprocal antago-
nisms, such as between mTORC1 and AMPK or Akt and LKB1 to regulate metabolism
to meet context-specific and cell-specific functional needs [39]. These pathways are
also mutually influenced by metabolites and nutrients generated as a consequence of
these kinase dependent metabolic signaling, constituting ‘bidirectional metabolic sig-
nalling’ e.g. amino acid availability promoting mTORC1 signaling while low cellular
glucose, low glutamine and elevated adenosine monophosphate (AMP) and adenos-
ine diphosphate (ADP) concentrations can activate the AMPK pathway; metabolites
generated from mitochondria-associated metabolism, i.e. a- ketoglutarate (a-KG),
2- hydroxyglutarate (2-HG) and acetyl-CoA, can influence transcription of a variety
of genes lying in these immunometabolic signaling networks [42].
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Figure 2.

Signaling pathways regulating immunometabolism of immune cells. T-cell receptor ligation and CD28
costimulatory signals regulate immune-metabolic signaling pathways, i.e., mTORC1/C2 and LKB1-AMPK
signaling. These signaling pathways ave intertwined and crosstalk via divect reciprocal antagonism, i.e., AMPK
directly inhibits mTORC1 while Akt suppresses LKB1 activity. (Left) Nutrient veplete conditions activate
PI3K-Akt/mTOR signaling that skew metabolic programming towavrds anabolism-associated processes such

as glycolysis, fatty acid synthesis, and glutaminolysis supporting proliferation, differentiation, and heightened
immune vesponses executed by effector immune cells (Tha, Th2, Thay cells). (Right) Energy stress (increased
AMP/ADP:ATP ratio), oxidative stvess (increased reactive oxygen species, ROS), nutrient (glucose, glutamine)
deprivation during malnutrition/starvation promotes LKB1-AMPK signaling, activating mitochondria-driven
oxidative metabolism (citric acid cycle, oxidative phosphorylation, fatty acid oxidation), catabolic programs
(autophagy/mitophagy), mitochondrial biogenesis, and inhibiting anabolic programs ultimately vesulting in
cellular quiescence.
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Figure 2 explains how T- cells, under the influence of environmental signals,
renew their metabolic equipment to employ metabolic pathways that regulate and
propel function of these immune cells.

4.2 Synopsis of metabolic modules used by immune cells

There are 7 fundamental inter-linked and co-regulated metabolic modules
employed by immune cells to meet their energy demands. These include glycolysis,
pentose phosphate pathway (PPP), citric acid cycle/Krebs cycle, mitochondrial oxida-
tive phosphorylation (OXPHOS)/electron transport chain, fatty acid synthesis (FAS),
fatty acid oxidation (FAO), and amino-acid metabolic pathways.

4.2.1 Glycolysis

Once glucose enters the cells through glucose transporters (GLUT), it is rapidly
catabolized to pyruvate in a sequential enzymatic process generating a variety of
macromolecules needed for different biosynthetic pathways (PPP, de novo FAS
and amino acid (AA) Hypoxia synthesis pathways) as well as for maintaining cel-
lular redox equilibrium (nicotinamide adenine dinucleotide/nicotinamide adenine
dinucleotide hydrogen, NAD+/NADH), thereby supporting anabolic growth.
Pyruvate either gets reduced to lactate (via lactate dehydrogenase, LDH) by engaging
in cytosolic aerobic glycolysis (Warburg effect) in the presence of oxygen, generating
4 molecules of adenosine triphosphate (ATP)/unit of glucose or can enter the mito-
chondrial matrix (through citrate-pyruvate shuttle system) where it gets oxidized and
decarboxylated to acetyl- coenzyme A (CoA) (via pyruvate dehydrogenase, PDH)
to enter into Kreb’s cycle and undergo mitochondrial OXPHOS generating NADH/
reduced flavin adenine dinucleotide (FADH2) and a total of 36 molecules of ATP/unit
of glucose. Though ATP generation via glycolysis is far less as compared to OXPHOS,
activated and effector immune cells rely on glycolysis because of its 100 times faster
rate of ATP production, its proficiency to generate a range of biosynthetic intermedi-
ates needed for cell growth, as well as its ability to provide both these facilities in
oxygen-poor conditions [43]. The mitochondrial enzyme PDH, a key bifurcation
enzyme in the choice between glycolytic and mitochondrial oxidative metabolism,
in its active dephosphorylated form catalyzes the movement of pyruvate from the
cytoplasm to mitochondria for Kreb’s cycle. Because of its crucial bifurcating func-
tion, PDH is under tight regulation of PDH kinases (PDHKs) that inactivate PDH via
phosphorylation, and PDH phosphatases (PDHPs) that dephosphorylate and activate
phosphorylated-PDH.

4.2.2 Citric acid cycle/Krebs cycle

Kreb’s cycle serves as an important node for multiple nutrient inputs as it
integrates fatty acid (FA) and AA metabolism with that of glucose by generating a
variety of metabolic biosynthetic intermediates required for FA and AA synthesis
and by metabolizing other substrates such as glutamine via glutaminolysis or FAs
via p-oxidation. Kreb’s cycle results in the generation of different epigenetic-
regulating metabolites, e.g., a-KG, 2-HG and acetyl-CoA to calibrate T-cell
function [42].
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4.2.3 PPP

The PPP provides important precursor molecules for nucleotide synthesis thereby
contributing to cell growth. It also generates reducing equivalents of NADPH needed
for the maintenance of a favorable cellular redox environment.

4.2.4 Amino acid metabolism

AAs have a significant impact on immune cell metabolism. They contribute to
glycolysis by increasing translocation of GLUT1/GLUT4 (by leucine and isoleucine)
to the cell surface and also by activating a glycolytic enzyme pyruvate kinase muscle
enzyme 2, PKM2 (by serine). Glutaminolysis, i.e., conversion of glutamine into
glutamate, is a basic and widespread metabolic process linking OXPHOS, redox
regulation, and biosynthetic pathways (protein, nucleotides and branched chain FAs
[44]. Glutamate, the first product of glutamine decomposition, can either aid in de
novo synthesis of glutathione (GSH) to balance oxidative stress, or get converted into
«-KG and enter the Kreb’s cycle to generate ATP, mitochondrial ROS, and biosynthetic
precursors. Hence, the varied end-products of glutamate, by generating counteract-
ing metabolites, i.e., GSH and ROS, enable meticulous synchronization of metabolic
flux. AA-derived metabolic products like a-KG and 2-HG assist in chromatin remod-
eling by affecting histone and DNA modifications [42].

4.2.5 Lipid metabolism

FAs and cholesterol, important building materials for cell membranes, are energy-
dense substrates, and are required for post-translational modifications, thereby
modulating T-cell proliferation and differentiation. This ability to guide post-
translational modifications (by serving as ligands for several transcription factors)
varies with the length of their carbon atom chains (short-chain FAs with less than 6
carbon atoms vs. long-chain FAs with more than 12 carbon atoms) and their degree of
saturation (polyunsaturated fatty acids, PUFA vs. saturated fatty acids, SFA/monoun-
saturated fatty acids, MUFA).

4.2.5.1 Fatty acid synthesis

FAS is chiefly mediated by the enzyme acetyl-CoA carboxylase 1 (ACC1), cata-
lyzing the rate-limiting step in FA biosynthesis, i.e., the carboxylation reaction of
acetyl-CoA to malonyl-CoA in the cellular cytoplasm. Acetyl-CoA needed for de novo
FAS is made available in the cytoplasm through the citrate-pyruvate shuttle that first
transfers pyruvate (final glycolytic product) from the cytoplasm into mitochondria
to form acetyl-CoA and then transfers a substantial portion of citrate (one of the
intermediates generated in the Kreb’s cycle by the combination of acetyl-CoA with
oxaloacetate) from the mitochondria into the cytosol. In the cytoplasm, citrate lyase
generates cytosolic acetyl-CoA from citrate that subsequently powers downstream
FA, cholesterol, and lipid biosynthesis [45, 46]. Another important enzyme par-
ticipating in the initial steps of SFA/MUFA/PUFA generation is fatty acid synthase
(FASN), a multienzyme complex that operates downstream of ACC1 and mediates
the conversion of acetyl-CoA and malonyl-CoA to saturated long-chain FAs [47].
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CD5 antigen-like (CD5L) protein, a member of the scavenger receptor cysteine-rich
superfamily inhibits the de novo synthesis of SFA through direct binding to FASN,
thus helping maintain the intracellular lipidome saturation by modulating PUFA
versus SFA levels. CD5L is more than a general inhibitor as it regulates the quantity
as well as the quality of fatty acids being generated inside the cell, fine-tuning the FA
composition in T cells, causing elevation of PUFA and alterations in specific lipid spe-
cies, including cholesterol metabolites, guiding post-translational modifications [13].
Acetyl-CoA is a central intermediate in lipid metabolism. In addition to FAS, cyto-
solic acetyl-CoA can be catalyzed in the mevalonate-cholesterol synthetic pathway,
generating cholesterol and its derivatives (desmosterol, 4a-carboxy, 4f-methyl-
zymosterol, oxysterols viz. 7B, 27-dihydroxy-cholesterol <7p, 27-OHC > and 7a, 27—
OHC, 20a-OHC, 22R-OHC, 25-OHC) [15, 48]. All these lipid biosynthetic processes
are delicately regulated by coordinated actions of sterol response element binding
proteins (SREBPs), the transcription factors which activate all genes necessary for
lipid synthesis with SREPB1 inducing genes involved in de novo lipogenesis whereas
SREBP2 activating genes necessary for cholesterol synthesis and uptake [49].

4.2.5.2 Fatty acid oxidation

Long-chain free FAs enter the metabolizing cells via specific transport proteins
(SLC27) where they are acted upon by long-chain fatty acid-CoA ligase resulting in a
fatty acyl-adenylate, which then reacts with free coenzyme A (CoA) in the presence
of acyl-CoA synthetase (ACS) to give an acyl-CoA molecule. Acyl-CoA enters the
mitochondria through carnitine transporter, which itself is directed by 3 enzymes
including carnitine palmitoyl transferase I (CPT I) located on the cytosolic faces of
the outer and inner mitochondrial membranes, and carnitine-acylcarnitine translo-
case (CAT) and carnitine palmitoyl transferase IT (CPT II) located on the interior face
of the inner mitochondrial membrane. In the mitochondrial matrix, beta-oxidation
cuts the long-chain FAs (now in the form of acyl-CoA molecules) into a series of
two-carbon acetate units, which, combined with CoA, form acetyl CoA. This is how
acetyl-CoA is added to the cycle, which will be dissipated as carbon dioxide and water,
releasing a substantial quantity of energy - captured in the form of ATP—with each
beta oxidative cut of the acyl-CoA molecule yielding 5 ATP molecules. It has been
calculated that complete p-oxidation of a single palmitate molecule can potentially
yield over 100 ATP molecules.

Effector and regulatory/tolerogenic immune cells employ different metabolic
modules to fulfill their energy requirements. Activated immune cells and effector
immune cell subsets including Th1, Th2, Th17 cells and M1 macrophages upregulate
glucose and AA transporters to increase their uptake and rely on aerobic glycolysis,
glutaminolysis, PPP and FAS to support pro-inflammatory cytokine secretion while
regulatory cells including T regs, memory T cells and M2 macrophages predominantly
utilize FAO and OXPHOS to meet their ATP requirements [43].

5. Cellular immunometabolism of Th17 cells, their development and
pathogenicity: how intracellular metabolism plays a fundamental role
in determining plasticity of Th17 cells

Within Th17 cell subset, depending on the presence of further local stimulatory
cues (metabolites), there exists substantial functional and molecular heterogeneity
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determining the generation of pathogenic or non-pathogenic Th17 cells [18]. Due to
the shared developmental requirement of TGF-p and due to functional and physical
interaction of master transcriptional factors, i.e. RORyt and Foxp3 regulating Th17
and Treg respectively, these cells are capable of transdifferentiating into each other.
The reciprocal metabolic cues are fundamental in shaping the relative proportions
of Th17 vs. T reg cells and non-pathogenic vs. pathogenic Th17 cells, affecting Th17
cell plasticity and pathogenicity. Essentially, the active Th17 cells utilize the faster
ATP-producing, oxygen-independent pathways, while the Treg cells utilize the more
efficient, if slower, oxidative pathways.

Metabolically, Th17 cells are characterized by “glycolytic-lipogenic-glutaminolytic”
anabolic phenotype with highly active PPP, ensuring the availability of biosynthetic
precursors [50].

5.1 Glycolysis

T cell receptor (TCR) ligation and CD28 co-stimulatory signals induce PI3K
dependent phosphorylation of Akt that activates key metabolic regulator mTOR
(selective role of mTORC1 but not mTORC2 in Th17 differentiation) leading to
increased glycolysis (Figure 3). Under Th17-polarizing conditions, the PI3K-Akt/
mTORC1/HIF-1a/c-MYC axis activates a series of reactions shifting the Th17/Treg
cell balance in favor of Th17 cells. HIF-1a drives Th17 differentiation while simultane-
ously suppressing Treg induction via its differential interaction with transcription
factors RORyt and Foxp3 causing transactivation of the former and proteasomal
degradation of the latter [51]. HIF-1a doubly enhances this response: firstly, it binds
to hypoxia response element (HRE) located in the proximal region of the RORC
gene promoter (Figure 1) and secondly, it might physically associate with RORyt
transcription factor, serving as a coactivator for RORyt, thereby increasing IL-17
gene expression without direct DNA binding on the IL-17 gene locus [7]. HIF-1a is
an essential facilitator of the acquisition of Th17 glycolytic metabolism as shown in
Figure 3 as it enhances expression of a series of glycolytic enzymes including GLUT1
(central glucose transporter on T cells) leading to robust glucose uptake, hexokinase
2 (HK), pyruvate kinase muscle enzyme (PKM2) and lactate dehydrogenase (LDH)
causing a shift to aerobic glycolysis. The enzyme PDHK1 that inactivates the PDH
enzyme, has been identified as an important player in selective regulation of Th17 cell
differentiation and inflammation as evidenced by higher levels of PDHK1 expression
on Th17 cells [52]. The transcription factor, inducible cAMP early repressor (ICER, an
endogenous repressor of cAMP-responsive element {CRE})-mediated gene tran-
scription, plays a vital role in deciphering Th17 cell biology. It has been shown to be
overexpressed in Th17 cells, binds to and suppresses PDHPs, reducing PDH activity
thereby enhancing glycolysis, and subsequently increasing Th17 differentiation [53].
Therefore, activation of glycolytic pathways contributes to the differentiation of
pro-inflammatory Thi7 cells that exhibit enhanced pathogenicity in the context of
autoimmune responses.

5.2 Amino acid metabolism

Rapid AA import mediated by the amino acid transporters propels Thi7 cell
lineage specification by enhancing mTORCI1 activity leading to enhanced protein
biosynthesis and glycolysis. ICER binds to the IL-17 gene promoter, enhancing its
transcription. It enhances glutaminolysis through glutaminase induction and finally
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Im%mct of glucose metabolism in Thiy cell differentiation: T-cell receptor (TCR) ligation and CD28
co-stimulation integrate phosphatidylinositol 3-kinase (PI3K)-Akt signaling, activating a kaleidoscope of
metabolic pathways. mTORC1 activates glycolytic pathways in Thay cells through activation of the transcription
factors c-myc and hypoxia-inducible factor 1-alpha (HIF-1a), mediating multiple pathways. (1) HIF-1a
enhances cellular glucose uptake by promoting membrane translocation of the glucose transporter 1 (GLUT1).

(2) HIF-1a causes ubiquitination-mediated proteosomal degradation of Foxp3 thereby shifting the Thiy/Treg cell
balance towards Thay cells. (3) HIF-1a induces IL-17 gene transcription. (4) HIF-1a enhances expression of genes
encoding for key glycolytic enzymes hexokinase (HK2, rate-limiting enzyme of glycolysis), lactate dehydrogenase
(LDH, converting pyruvate to lactate), and (4a) pyruvate kinase muscle enzgyme 2 (PKM2), that catalyzes the
final step of glycolysis producing pyruvate from phosphoenolpyruvate. PKM2 cab functionally exists as either

a dimer or a tetramer, each exerting diffevent functions: the cytoplasmic tetrameric configuration is associated
with glycolytic activity while nuclear dimeric form interacts with transcription factors and histones, enabling
post-translational modifications including the IL-17 gene. (5) HIF-1a also induces pyruvate dehydrogenase
kinase, PDHK1 enzyme that phosphorylates and inactivates pyruvate dehydrogenase (PDH) that catalyzes the
mitochondrial oxidative conversion of pyruvate to acetyl-coA for launching Kreb’s cycle), thereby, nurturing
aerobic glycolysis in Thay cells.

generates glutathione that supports Th17 cell steadiness by enhancing ROS-associated
detoxification pathways, polarizing them towards a pathogenic phenotype [54].
Transamination of glutamate (catalyzed by the glutamate oxaloacetate transaminases
(GOT)1/2), can epigenetically redirect Th17/T reg equilibrium towards Th17 cell
destiny by generating epigenetic-regulating metabolites (a-KG and 2-HG). 2-HG, an
inhibitor of « -KG-dependent histone/DNA demethylases, directly increases DNA
methylation at CpG islands at the Foxp3 gene locus leading to its transcriptional
repression (Figure 4). This is how increased levels of 2-HG in Th17 cells lead to block-
ade of Treg cell lineage commitment. Th17 cells are characterized by an abundance

of a-KG and 2-HG. This highlights the importance of the glutamate-GOT1/2-a-KG-
2-HG axis in guiding Th17 cell destiny. GOT1 also contributes to increased mTORC1
signaling by suppressing AMPK activation [55].

Methionine-derived S-adenosyl methionine (SAM) plays a crucial role in chroma-
tin remodeling by serving as a co-factor for epigenome-modifying enzymes, main-
taining permissive H3K4me3 marks on IL-172, IFNG, and CSF2 genes promoting their
transcription leading to increased pathogenic Th17 generation [56].

In this way, amino acids regulate energy metabolism, redox balance, and impact
the epigenetic landscape, modulating Th17 lineage heterogeneity and plasticity [42].
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Glutamine and methionine potentiating Th1y cell differentiation by impacting epigenetic landscape: (1)
glutamine imported by the amino acid transporter, (alanine-serine-cysteine transporter, ASCT2) activated
mTORC1/c-Myc signaling axis, enhancing glycolysis. (2) Glutaminase, transactivated by ICER binding,
generates glutamate and finally glutathione. (3) glutathione causes reactive oxygen species (ROS) neutralization,
enhancing pathogenic Thy cell production. (4) glutamate is metabolized to a-KG [via glutamate oxaloacetate
transaminases, GOT1/2]. (5) GOT1/2 inhibits the AMPK pathway leading to enhanced mTORC1 signaling.

(6) a-KG generates 2-HG via. Isocitrate dehydrogenases 1/2(IDHz1/2). (7) 2-HG impacts DNA methylation

by inhibiting histone/DNA demethylases, e.g., Jumonji domain-containing demethylase (Jmjc) and ten-eleven
translocation (TET1/2) methylcytosine dioxygenases (that demethylate the CpG islands on the Foxp3 promoter)
(8). This leads to heightened DNA methylation at CpG islands of the Foxp3 gene locus and its transcriptional
repression. (9) methionine-derived S-adenosyl methionine (SAM), by serving as a methyl donor, causes
chromatin remodeling and helps maintain permissive H3K4me3 marks on IL-17, IFNG, and CSF2 genes
[promoting their transcription, leading to increased pathogenic Thiy generation.

5.3 Lipogenesis

Rather than utilizing already-available exogenous FA for their lipid requirements,
Th17 cells primarily engage in the ATP-costly process of de novo FAS for their prolifera-
tion and differentiation [45]. De novo FA and cholesterol synthesis promote activation-
induced proliferation and differentiation of Th17 cells (Figure 5). Cholesterol
precursors, as well as its derivatives, are essential for Th17 cell lineage commitment
[57]. They enhance the transcriptional activity of RORyt by increasing co-activator
recruitment leading to enhanced IL-17 and IL-23 gene transcription (Figure 5 Inset)
CYP51 and CYP27A1, key mediators of the cholesterol biosynthesis pathway are the
most highly upregulated genes in Th17 cells [15]. An upregulation of cholesterol
biosynthesis and simultaneous downregulation of cholesterol metabolism and efflux
during Th17 differentiation leads to the accumulation of the cholesterol precursors
desmosterol and its sulphate conjugates. Th17-polarizing milieu upregulates expression
of SREBP1 and SREBP2, FASN, 3- hydroxy-3-methylglutaryl-CoA reductase (HMGCR,
the rate-limiting enzyme in the mevalonate—cholesterol pathway) as well as expression
of enzymes involved in citrate-pyruvate shuttle system leading to enhanced cholesterol
synthesis and rapid de novo FAS from glucose. This metabolic alteration is again under
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Figure 5.

Lipid metabolism as a central controller of Thay cell differentiation: T-cell receptor (TCR) ligation and CD28
co-stimulation activate PIBK-Akt/mTORC1 signaling affecting lipid metabolism. (1) increased expression of sterol
response element-binding proteins (SREBP2), CYP51 and 3-hydrvoxy-3-methylglutaryl-CoA reductase (HMGCR)
enhances cholesterol biosynthesis. (2) this leads to accumulation of the cholesterol precursors desmosterol, its
sulphate conjugates as well as oxysterols [with participation of CYP27A1]. (3) these precursors and derivatives
serve as endogenous RORyt agonists, enhancing pathogenic Thay cell production. The ligand-binding domain
(LBD) of RORyt binds to these agonistic ligands including CD5L-dependent displacing the co-repressors and
recruiting co-activator proteins, causing enhanced IL-17 gene expression. DNA-binding domain (DBD) of
RORYyt binds to ROR response elements (RORE) located in CNS2 (conserved non-coding sequences) of IL-17
gene, and globally controls its transcription. (4) HMGCR also contributes towards protein geranylation by
generating mevalonate. (5) increased expression of SREBPI stimulates de novo fatty acid synthesis by enhancing
the expression of acetyl-CoA carboxylase 1 (ACC1) and fatty acid synthase (FASN) genes. (6) CD5 antigen-like
(CDsL) protein inhibits the de novo synthesis of saturated and monounsaturated fatty acids (SFA/MUFA)
causing elevation of polyunsaturated fatty acids (PUFA) that results in enhanced RORyt binding to the IL-10
locus leading to its transactivation and production of non-pathogenic Thiy cells. (7) loss of CD5L elevates
intracellular SFA/MUFA levels causing enhanced RORyt binding to the IL-17a and IL-23 loci leading to their
transactivation and production of pathogenic Thay cells.

partial control of mTORC1 activation. In addition, to enhancing glycolysis, mTOR
signaling fabricates a closely-interacting loop between glycolysis and lipogenesis, “the
glycolytic-lipogenic pathway” in Th17 development [58].

5.3.1 Type of fatty acids governing pathogenicity of T cells

Cellular lipid composition influences both generation as well as pathogenicity
of Th17 cells. CD5L gene, encoding CD5L protein, a “negative” regulator of Th17
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pathogenicity; has been recognized as a critical molecular switch of Th17 cell’s function
(pathogenic versus non-pathogenic phenotype) though it does not affect Th17 differ-
entiation [59]. Loss of CD5L transforms non-pathogenic Thi17 cells into disease-induc-
ing pathogenic ones by modulating intracellular lipidome saturation (PUFA versus

SFA lipid balance) and by elevating intracellular free cholesterol, thereby regulating
the quality and/or quantity of available ligands for RORyt [13]. PUFA regulates the
ligand-dependent function of RORyt: in the absence of CD5L/PUFA (Figure 5), RORyt
binding to the IL-17 and IL-23 loci is increased leading to transactivation of both these
genes, while binding to IL-10 locus is decreased leading to its downregulation. Thus,
the balance of lipid saturation contributes to CD5L-dependent regulation of Th17 cells
by regulating the RORyt genomic binding and Th17-cell transcriptome.

Dietary LCFAs enhance Thl and Th17 cell differentiation and also alter the compo-
sition of the gut microbiome whereas SCFAs (derived from diet/intestine/microbiota)
promote Treg cell formation, demonstrating unique phenotypes driven by different
fatty acids [60].

The same glycolytic-lipogenic-glutaminolytic metabolic axis co-ordinated by
mTORC1/HIF-1a, plays an equally important role in controlling the generation as well
as the “pathogenicity” of Th17 cells. These findings highlight how the generation of
Tregs/non-pathogenic Th17/pathogenic Th17 cells is tightly linked to their metabolic
state, offering potential new targets for the regulation of these two reciprocally regu-
lated T cell subsets (Table 2). Thus, it is quite clear that the generation of Th17 cells is
entwined with complex and intricate intracellular metabolic adaptations.

Metabolic adjustments favoring Th17
differentiation

Metabolic adjustments impairing Th17 differentiation

Activation of PI3K/AKT-mTORC1 pathway

Activation of AMPK with 5-aminoimidazole-4-carboxamide
riboside, AICAR (a direct activator) and metformin

Induction of transcription factors HIF-1a
and c-MYC (c-MYC initiates the metabolic
reprogramming while HIF-1a sustains it)

Inhibition of glycolysis with 2-deoxyglucose (an inhibitor
of all hexokinases)

Activation of glycolysis, pentose-phosphate pathway
and glutaminolytic pathway

Inhibition of hexokinase-2 with specific inhibitor
3-bromopyruvate

Selective expression of PDHK1 (inhibited PDH
activity) directing pyruvate flow through LDH-
mediated reactions to produce lactate (aerobic

glycolysis)

Inhibition of acetyl CoA carboxylase 1 with a
pharmacological inhibitor soraphen A, inhibiting de novo
fatty acid synthesis

Overexpression of inducible cAMP early repressor
(ICER) that suppresses expression of PDHPs leading
to reduced PDH activity and enhanced glycolysis

Inhibition of 3- hydroxy-3-methylglutaryl-CoA reductase
(HMGCR) with statins

A diet low in cholesterol and high in fibers can
skew Th17 cells towards non-pathogenic anti-
inflammatory phenotype

Inhibition of glutamine oxaloacetate transaminase
(GOT1/2) by aminooxyacetic acid that leads to decreased
production of a-ketoglutarate and 2- hydroxyglutarate
skewing Th17 differentiation to the inducible T regulatory
cells (iTregs) lineage

A diet high in glucose/salt/ methionine can induce
the generation of pathogenic pro-inflammatory
Th17 cells

Table 2.
Comprehensive list of metabolic changes determining Thiy cell fate.
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5.4 Crosstalk between IL-17 and cellular immunometabolism in psoriasis

IL-17 has the potential to temper the cellular metabolism in a variety of ways.
IL-17 has already been shown to regulate metabolism in psoriatic keratinocytes by
reprogramming the urea cycle resulting in excessive polyamine generation that
facilitates self-RNA sensing by immune cells independent of RNA-binding proteins
LL37 and HNRNPAI1 (the proven autoantigens) ultimately leading to amplification of
inflammatory circuits [61, 62].

IL-17 also induces intracellular cholesterol accumulation that facilitates NF-xB
mediated up-regulation of CCL20, IL-8 and S100A7 expression in keratinocytes
thereby further intensifying IL-17A induced psoriatic inflammation [63]. This high-
lights that how IL-17-induced metabolic alterations can actively participate in elicit-
ing infiltration and activation of innate and adaptive immune cells and keratinocyte
hyperproliferation leading to sustained inflammatory dermatoses.

5.4.1 Therapeutics in psoriasis

Depending upon disease severity (based on PASI scores), topical therapy (vitamin
analogues, tars, corticosteroids, dithranol, and retinoids), phototherapy (UV-B or
PUV-A), and systemic therapy are considered for treatment of psoriasis. Systemic
therapeutic agents used in psoriasis include methotrexate, cyclosporine, retinoids
and biologics including etanercept, adalimumab, efalizumab, and alefacept. Other
approved biologics for psoriasis include anti-IL-23 antibodies (ustekinumab, gusel-
kumab, tildrakizumab, mirikizumab, risankizumab) targeting only IL-23/IL-17 axis
and anti-IL-17 antibodies including anti-IL-17A agents (ixekizumab and secukinumab),
anti-IL-17 receptor molecules (brodalumab); or drugs targeting both IL-17A and IL-17F
(bimekizumab) [64]. These antibodies have shown promising results in the treatment
of psoriasis with IL-17 blockers showing much quicker clinical efficacy resulting in a
50% decline in PASI scores as early as 1.8 weeks as compared to IL-23 blockers [65, 66].

To decrease toxicity and enhance efficacy, a few anti-metabolites are currently
being repurposed and investigated as potential therapeutic agents for the manage-
ment of psoriasis [67]. Metformin, an antidiabetic drug, has the potential to exert an
antipsoriatic effect via. AMPK activation [68]. Simvastatin, an HMG-CoA reductase
inhibitor, in combination with steroids, has demonstrated positive clinical outcomes
in psoriatic patients in terms of improved PASI and dermatological life quality index
[69]. These examples provide insight to clinicians for investigating the safety and
efficacy of existing anti-metabolite drugs to reposition them as effective psoriasis
therapeutic agents.

6. Adipose tissue and systemic immunometabolism

One tissue that has recently become an area of intense metabolic research is
adipose tissue. The adipose tissue is an important metabolic organ that regulates the
balance of energy intake and consumption and is actively involved in the regula-
tion of many systemic metabolic pathways including glucose and lipids. Adipose
tissue also serves as an endocrine organ (secreting bioactive adipocytokines) and
an important immune cell niche (secreting chemokines and cytokines, exerting
beneficial or detrimental effects on immunometabolism) with visceral white adipose
tissue as the major immune-metabolic communication hub. Adipose tissue also
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communicates with other organs including the liver and muscle and contributes to
systemic metabolism via secretion of a variety of bioactive molecules as mentioned
above [70]. Adipose tissue (visceral as well as cutaneous) has recently emerged as an
important node linking immunity/inflammation, obesity and a cluster of metabolic
diseases including psoriasis. Adipose tissue is a highly dynamic tissue showing the
extreme degree of plasticity and remodeling potential (by expansion or contraction of
adipocytes in response to energy surplus or famine) that makes it a suitable centre for
maintaining immune-metabolic homeostasis [71].

6.1 Adipose tissue and immune-metabolism: an interesting interlink

Besides metabolically active parenchymal adipocytes and preadipocytes, adipose
tissue is also comprised of a diverse and malleable immune-landscape comprising
both innate and adaptive immunocytes residing in special adipose niches [72]. This
diversity of T cell pools in adipose tissue is the result of intracellular metabolic altera-
tions that in turn influence systemic metabolism in innumerable ways. Adipose tissue-
resident immune cells include T cells, B cells, macrophages, and dendritic cell subsets
and other unconventional lymphocyte subtypes viz. invariant natural killer T (iNKT)
cells, mucosal-associated invariant T (MAIT) cells, y8 T cells and innate lymphoid
cells 2 (ILCs) with either stimulating or regulatory roles under different physiological
or pathological conditions [73]. All these immunocytes work in close co-operation
with preadipocytes, adipocytes, endothelial cells and stromal cells (fibroblasts)
to maintain the immune and metabolic homeostasis of adipose tissue, providing a
steady environment to maintain the normal systemic metabolism of an organism
[74]. Extremely heterogeneous mesenchymal stromal cells (five subtypes numbered
1-5, defined by single-cell transcriptomics analysis and cytofluorimetric assessment
of marker expression) in visceral white adipose tissue have been characterized as key
orchestrators of metabolic-immunologic cross-talk by their ability to balance Gmmu-
nocyte’ numbers through secretion of IL-33 (subtypes 1-3) and adipocyte’ numbers/
activities through regulation of adipocyte precursors (subtypes 4 and 5) [75]. The
stromal cell-derived IL-33, a mechanosensitive chemokine, dampens aberrant
inflammation by increasing Treg numbers. IL-33 has been recently shown to induce
mitochondrial rewiring, thereby promoting differentiation of alternatively activated
macrophages finally leading to resolution of inflammation [76]. Taken together, tight
and well-balanced cooperation and coordination exist between parenchymal-stromal-
immune cell populations that ultimately regulate adipose tissue homeostasis.

Intradermal adipocytes residing in “superficial subcutaneous adipose tissue” or
“dermal white adipose tissue” of psoriatic skin secrete monocyte chemoattractant
protein-1 (MCP-1) favoring macrophage recruitment via the C-C chemokine receptor
2 (CCR2) pathway and also release high levels of antimicrobial peptides, cathelicidin,
contributing to the pathophysiology of psoriasis [77].

6.1.1 Adipocytokines and cytokines veleased by adipocytes

Adipocytes participate in the regulation of the immune system via secretion of
various cytokines — including IL-6 — and adipocytokines such as adiponectin and
leptin. IL-6, an obligatory pro-inflammatory cytokine, drives naive CD4" T cells dif-
ferentiation into Th17 lineage, and in association with IL-17A, regulates the differen-
tiation of adipocytes and their capacity to secrete adipocytokines (especially leptin)
and chemokines [78].
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Adiponectin is an insulin-sensitizing anti-inflammatory adipocytokine that cor-
rects insulin resistance and obesity-induced NAFLD (21). Leptin is a critical hor-
monal regulator of metabolism and an important signaling transducer that activates
JAK2 kinase causing tyrosine phosphorylation of various downstream signaling
proteins, e.g., STAT3, SHP2, IRS2, and PI3K, thereby regulating transcription of genes
essential for energy intake and lipid metabolism [79, 80]. Leptin also affects various
immune cells including dendritic cells (DCs), neutrophils, NK cells, T and B cells,
through surface leptin receptors and regulates a variety of cellular biological processes
involving chemokinesis, chemotactic responsiveness, cell migration, proliferation,
cell survival (delayed apoptosis) and pro-inflammatory cytokine production [81, 82].
Resistin, another cytokine is also known as an adipose tissue-specific secretory factor
(ADSF) also has the pro-inflammatory potential [83].

A disturbed balance of pro-inflammatory and anti-inflammatory cytokines and
adipocytokines (hormones) can cause chronic adipose tissue inflammation resulting
in obesity and associated metabolic complications.

6.2 Obesity, systemic immunometabolism and psoriasis

Obesity (fat and weight gain/body mass index (BMI) > 35 kg/m?/increased
abdominal fat mass) resulting from adipose tissue expansion and adipocyte
hypertrophy, is a state of chronic systemic low-grade inflammation that accelerates
obesity-related insulin resistance (IR), leading to the development of the metabolic
syndrome, including diabetes mellitus (DM). Obesity increases the body’s vulner-
ability to a variety of immune diseases, such as psoriasis, by abnormally altering
the whole biology of adipose tissue including stromal-driven regulation of immu-
nocyte and adipocyte numbers. Obesity evokes extensive remodeling of adipose
tissue morphology and function with alterations of both immune as well as stromal
cell landscapes resulting in metabolic and/or immunologic aberrancies [84]. The
number of pro-inflammatory immunocytes viz. CD8" T cells, M1 macrophages,
neutrophils, mast cells, and yd T cells increases while the proportions of tolerogenic/
immunosuppressive cells viz. Tregs, regulatory B cells (B regs), eosinophils, iNKT
cells, alternatively activated macrophages and type 2 ILCs (copiously producing
anti-inflammatory cytokines IL-10, IL-15, IL-2, IL-5, and IL-25) are either decreased
or have impaired functional capacity. Various studies have already shown a strong
“dose-dependent” relationship between PASI scores and obesity with improvement in
disease severity as a result of weight loss in psoriatic patients [85, 86].

Obesity has been postulated to worsen psoriasis via. Its effect on the Treg/Th17 axis
through various metabolites, adipocytokines like leptin and pro-inflammatory cyto-
kines like IL-6, released by inflamed adipocytes [72, 87, 88] for example, higher leptin
and resistin concentrations have been observed in obese, psoriatic patients [89, 90].

Adiponectin plays a crucial role in controlling psoriasiform dermatosis by reduc-
ing Th17 cell differentiation, restraining glycolysis in an AMPK dependent fashion,
thus tightly regulating their nutritional demands and metabolic function [91-93].
Psoriasis patients with or without metabolic abnormalities exhibit significant hypoa-
diponectinemia (negatively corelated with psoriasis area severity index, PASI) and
hyperleptinemia with leptin resistance (positively corelated with PASI), that contrib-
ute to the development of the metabolic syndrome.

The pro-inflammatory cytokine IL-17, a potential linker between metabolic
syndrome and psoriasis, causes adipose tissue inflammation by mediating important
interactions between adipose tissue and the immune system, leading to IR (the key
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component of metabolic syndrome) finally manifesting as obesity, DM, hyperten-
sion, NAFLD, and hyperlipidemia [21].

Thus, it can be inferred that obesity-driven immune and stromal landscape altera-
tions in adipose tissue, in turn leading to disturbances in systemic metabolism might
enhance Th17 differentiation and effector function, consequently leading to increased
severity of psoriasis.

6.3 Nutritional metabolism and psoriasis

Beyond the adipose tissue, the diet or nutritional status, a.k.a. nutritional metabo-
lism, also has a profound impact on the immune system by influencing the immune
cell metabolic parameters; malnutrition is clearly associated with diminished immune
function whereas a “Western” lifestyle/nutritional pattern rich in calories, fat, and
salt, leads to a low-grade systemic inflammation thereby predisposing individuals to
a variety of autoimmune diseases associated with metabolic complications, includ-
ing psoriasis. Diet-associated obesity by increasing availability of extracellular lipids
revamps cellular metabolism of innate as well as adaptive immune cells [94]. It is quite
tantalizing to consider dietary interventions like fasting-mimicking diets and diets
low in salt and calories re-stabilizing the immune-metabolism in psoriasis patients,
potentially serving as viable substitutes or adjuvants to drugs directly targeting cel-
lular metabolism.

Understanding the relationship between nutrition and metabolism and its impact
on cellular/systemic immunometabolism in psoriasis is important to develop novel
therapeutic strategies.

7. Metabolomics in psoriasis

Metabolites/biochemical intermediates/end-products, unique chemical fin-
gerprints of proteomic or cellular metabolic pathways, are viewed as keystones of
life as they provide vital communication signals that are necessary to sustain life.
Metabolomics, a systematic study of the global metabolite profile in a biological
system, i.e., cell, tissue, organ, or organism, provides an “instantaneous snapshot™/
direct “functional readout of the physiological state”, capturing the metabolic per-
turbations driving physiological and disease states. The metabolome, highly dynamic
like transcriptome and proteome, and a rapid indicator of biological status, refer to
the complete set of diverse small-molecules (<1500 Da) such as sugars, nucleotides,
amino acids and lipids in any biological system.

A large number of psoriatic disease-related metabolomic studies have been carried
out in the recent past to identify metabolomic biomarkers associated with psoriatic
disease [95]. The majority of studies have focused on identifying a metabolic profile
that can be used for diagnosis of psoriasis and/or psoriatic arthritis while others have
explored correlating the metabolome with different dimensions of psoriatic disease
activity to improve clinical management. A variety of biological samples including
peripheral blood (whole blood, plasma, serum, peripheral blood mononuclear cells),
urine, and skin tissue (uninvolved skin, psoriatic skin, and corticosteroid treated pso-
riatic skin) have been researched in these metabolomic studies, revealing alterations
predominantly in pathways associated with lipid and amino acid metabolism. To get
more meaningful information, a few study-groups have compared metabolite con-
centrations in different biological milieu by examining metabolomes across multiple
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sample matrices. A variety of metabolites in the eicosapentaenoic, docosahexaenoic
and arachidonic acid pathways are elevated in both the skin and the peripheral blood
of psoriatic patients [96, 97]. Plasma and psoriatic skin choline levels correlated
positively while citrulline levels across both sample matrices correlated negatively
with disease activity scores [98].

A step further, Tarentini et al. integrated results of metabolomic profiling and
cytokine/chemokines profiling from lesional skin and serum of psoriatic patients and
identified immuno-metabolic clusters indicating biochemical pathways associated
with the initial phases of psoriasis development, thus hinting at putative biomarkers
of new-onset psoriasis [99].

8. Future perspectives and summary

It is intriguing to explore and validate metabolomic biomarkers that can accu-
rately and reliably predict which psoriatic patients will develop psoriatic arthritis.
Identifying metabolites that could differentiate psoriatic arthritis patients from
patients with other inflammatory arthritides would be a great added advantage. The
synovial fluid, being in direct contact with articular cartilage, bone and synoviocytes,
is a very promising candidate for deciphering metabolomic information which can
serve as a promising source of biomarkers for psoriatic arthritis.

Metabolic health and gut microbiome dysbiosis are emerging areas of intense
investigation as the gut microbiome influences host immunity and metabolism by
producing numerous compounds [100]. The connection between the microbiome and
the metabolome of patients with heterogenous psoriatic disease holds the potential
to highlight aberrant signaling pathways likely driving “psoriatic march”. This could
pave the path for the development of clinically useful biomarkers for early recognition
and management of comorbidities for this patient population [101].

Thus, immuno-metabolic reprogramming may be worth further exploration for
the comprehension of its therapeutic potential in psoriasis. In future studies, it will be
quite intriguing to define the interplay between IL-17-driven metabolic reprogram-
ming and epigenetics/chromatin remodeling that are responsible for chronic, sus-
tained transcriptional responses seen in psoriasis, which in turn modulate the activity
of IL-17- related proinflammatory cytokine programs.

Integrating metabolomics with other high-throughput-omic technologies such
as genomics, epigenomics, transcriptomics, and proteomics can unravel molecular,
cellular, and functional signatures associated with psoriasis pathogenesis [102, 103].
The “omics” datasets, thus generated, can help construct predictive or diagnostic
classifiers, grouping psoriatic patients based on their probability of developing
systemic comorbidities or their likelihood to respond to a specific therapy [104]. This
cutting-edge, systemic, and holistic approach will allow the clinicians to institute
tailored, targeted, precision medicine, based on individual patient characteristics
thereby maximizing efficacy and minimizing toxicity and at the same time overcom-
ing the biggest challenge we face in achieving long-term, stable remission in psoriatic
patients.
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Abstract

Psoriasis is a chronic inflammatory skin disorder with high immunological
background caused by a complex interplay between an altered immune system,
genetic factors, autoantigens, lifestyle, and environmental factors. Extensive literature
in recent years highlighted the crucial role played by the immune system in the
pathogenesis of this pathology. Although it is unequivocally accepted that psoriasis is
aT-cell mediated autoimmune condition, both innate and specific immune cells are
highly involved in the pathogenesis of psoriasis. The aberrant interactions between
immune cells and resident hyper-proliferative keratinocytes are mediated by immune
and non-immune related molecules which lead to amplification of the local immune
responses, that maintain the chronic inflammatory status. In this chapter, we will
highlight the immune molecules resident in the psoriatic tissue or appending to the
blood circulation that can indicate the prognosis of this systemic autoimmune disease.
Moreover, we will focus on immune cells resident or circulating ones that can pin-
point the clinical evolution of the psoriatic disease. All these data can be developed
in immune markers patterns that aid psoriasis diagnosis and/or future (immune)
therapies.

Keywords: psoriasis, autoimmunity, inflammation, immune markers, cytokines

1. Introduction

Psoriasis (Ps) is a chronic inflammatory T-cell mediated disease, that is manifested
mainly as skin lesions and extracutaneous comorbidities, the overall symptomatology
of the disease having a strong impact on the patients’ life quality [1].

Worldwide, the prevalence of this disease is increasing for both adults and
children, and varies between 0.09% and 11.4%, respectively between 1.5% and 5%
in most developed countries. The disease incidence depends on age, sex, ethnicity,
geographical regions, and environmental factors [2]. Ps especially affects Caucasians
as compared to other ethnic groups and is more common in high-income countries.

In children, the incidence increases with age, the median age at diagnosis being 10.6
years, with a higher prevalence in girls compared to boys [3].

The exact causes of Ps onset are still unknown. Ps is a complex and multifacto-
rial skin condition that occurs on an altered genetic and immunologic background,
favored by environmental factors [4] and aggravated by extrinsic risk factors and
intrinsic risk factors [5].
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Its complexity rides also on the fact that Ps presents a wide spectrum of skin
lesions therefore, the specific clinical type of Ps is important in choosing the adequate
treatment protocol. Ps is histologically characterized by keratinocytes (KCs) hyper-
proliferation which induces acanthosis, elongation of the rete ridges, hyperkeratosis,
and parakeratosis, and an inflammatory infiltrate consisting mainly of dendritic cells
(DCs) and T cells [6].

For many years, Ps was classified as an immune-mediated inflammatory disorder
and less as an autoimmune condition due to the fact that the autoantigens causing T
cell activation remain unknown. Recent studies reported the identification of four
possible autoantigens involved in Ps’ pathogenesis: KCs — derived antimicrobial
peptide LL-37 (cathelicidin) [7], ADAMTS-like-protein 5 (a disintegrin- and metal-
loprotease domain-containing thrombospondin type 1 motif-like 5) produced by
melanocytes, lipid antigens generated by phospholipase A2 group IVD (PLA2G4D)
[8] and keratin 17 derived from hair follicles [9]. Studies regarding the autoimmune
character of Ps have also focused on the existence of specific autoantibodies, the most
common being anti-stratum corneum antibodies [10] and anti-heat shock protein 65
[11]. However, the clinical significance of these autoantibodies remains still evasive.

Although Ps is recognized as one of the most prevalent T-cell mediated chronic
inflammatory skin conditions, its pathogenesis involved both innate and adaptive
immune cells. Pathogenic crosstalk between hyper-proliferative resident KCs and
immune cells mediated by immune and non-immune molecules are responsible for
the development and maintenance of Ps’ inflammatory state [12].

Two phases were described in the Ps’ pathogenesis: initiation of psoriatic events, in
which the cells belonging to the innate immunity (DCs, NK cells, M¢-macrophages)
play an important role, and the phase of maintaining inflammatory status, in which
the key players belong to the adaptive immunity (T helper (h)-cell subsets). In earlier
stages of the disease, under the action of triggering factors (genetic, environmental,
physical injury, infections, stress), KCs and cells belonging to innate immunity (plas-
macytoid (P) DCs, NK cells, M) produce tumor necrosis factor (TNF)-a, interferon
(IFN)-a, IFN-B, IFN-v, interleukin (IL)-1p, IL-6 thus activating the myeloid (M)DCs.
In the initiation of psoriatic events, a starting key is represented by the activation of
PDCs, secreting two type I IFNs (IFN-a, IFN-p), further promoting MDCs activation.
Activated MDCs, by secreting IL-12 and IL-23, will determine the differentiation
of naive T-cells into Th1, Th17, and Th22 subpopulations. TNF-a, IFN-y, IL-17, and
IL-22 secreted by these effector subsets, will be able to activate KCs, which will
produce a variety of cytokines (TNF-a, IL-1p, IL-6, IL-8, IL-19, IL-36), chemokines
(CXCL1/2/3/5/8), antimicrobial peptides (LL-37) and S100 proteins, thus propagating
and maintaining the inflammatory status [13-15]. A general outline of the initiation
and propagation stages of Ps is depicted in Figure 1.

Ps in not only a skin disease, it also has significant disabling systemic manifesta-
tions [13]. The disease is frequently associated with arthritic, metabolic, cardiovas-
cular, and psychological comorbidities, which can lead to increased mortality among
affected persons [16]. Knowing and understanding the relationship between Ps and
other associated pathologies is particularly important for optimal clinical manage-
ment of patients.

Depending on the Ps severity, there is a wide range of therapeutic options, from
the traditional topical treatment, phototherapy, and systemic treatments, to new
biological therapies. Despite various treatment options available, Ps still remains an
incurable and undertreated disease [17], and finding an adjuvant treatment [18] to
help existing ones remains a challenge for researchers.
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Figure 1.

Imgr:;une mechanisms are associated with the onset of psoriatic events and the maintenance of the inflammatory
status. KCs and innate immune cells ave activated by triggers that secrete cytokines, leading to the differentiation

in Thi, Thiz, and Th22 cells via IL-12, IL-23, and TNF-a secreted by activated MDCs. These effectors promote

KCs activation through TNF-a, IFN-y, IL17, and IL22, leading to the perpetuation of the inflammatory cycle

by generating AMP (LL-37, p-defensins, S100 proteins) and by secveting of cytokines (TNF-a, IL-6, IL-153) and
chemokines (CXCL1, CXCL2, CXCL3, CXCL5, CXCL8, CXCL9, CXCL10, CXCL20). Created with BioRender.com.

Although it is unequivocally accepted that Ps is a T-cell mediated condition, both
innate and specific immune cells are highly involved in the pathogenesis of Ps. The
aberrant interactions between immune cells and resident hyper-proliferative KCs are
mediated by immune and non-immune related molecules which lead to amplification
of the local immune responses, that maintain the chronic inflammatory status. In
this chapter, we will highlight the immune molecules resident in the psoriatic tissue
or appending to the blood circulation that can indicate the prognosis of this systemic
autoimmune disease. Moreover, we will focus on immune cells resident or circulating
ones that can pinpoint the clinical evolution of the psoriatic disease. All these data
can be developed in immune markers patterns that aid Ps’ diagnosis and/or future
(immune)therapies development.

2. Immune cells in the development of psoriasis

As already stated, Ps is an immune-mediated inflammatory skin disorder based
on the pathological crosstalk between KCs and immune cells sustained by a complex
array of pro-inflammatory cytokines/chemokines. Disturbances in both innate and
adaptive immune responses, as well as hyper-proliferative KCs, have important roles
in triggering the early psoriatic events and in sustaining the chronic inflammation
that follows. Immune cells are highly involved in both phases of Ps pathogenesis:
innate immune cells (PDCs, MDCs, NK cells, M, neutrophils) play a major role in
the initiation of the psoriatic events, while adaptive immune cells (Th-cell subsets:
Th17, Th22, Thl) are the main actors in maintaining the inflammatory status of the
disease.

2.1 Tissue resident immune cells

Dendritic cells, professional antigen-presenting cells (APCs), are crucial in the
early stages of the disease due to their ability to recognize the antimicrobial peptides
(AMP) (LL-37, B-defensins, S100 proteins) released by damaged KCs in response to
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various triggering factors [19]. LL-37, recognized as an autoantigen in Ps, binds to
self-DNA and RNA from other damaged cells and stimulates toll-like receptor (TLR)
9, respectively TLR8 in PDCs. Activated PDCs will secrete IFN-a thus promoting
MDCs activation. These activated cells will migrate into draining lymph nodes and by
secreting high amounts of IL-12, IL-23 and TNF-a will further guide the differentia-
tion of naive T-cells in Th1, Th17, and Th22 populations [15]. These effector subsets
will produce TNF-a, IFN-a, IL-17, IL-22 thus promoting KCs proliferation. Activated
KCs will perpetuate the inflammatory cycle by generating AMP (LL-37, p-defensins,
S100 proteins) and by secreting cytokines (TNF-«, IL-6, IL-1p) and chemokines
(CXCL1, CXCL2, CXCL3, CXCL5, CXCL8, CXCL9, CXCL10, CXCL20) [14]. LL-37
secreted by KCs will be recognized by LL-37-activated PDCs which will perpetuate
the pathogenic mechanism. IL-17, CXCL1, CXCL2, and CXCL8 released by Th17

and KCs mediate the recruitment of neutrophils which will migrate to the psoriatic
lesions, release large amounts of reactive oxygen species (ROS), granules and form
neutrophil extracellular traps (NETs) [20].

MDCs can be also PDCs-independent activated, by CCL20 released by KCs in
response to the skin microbiome, drugs, and injury [21]. Once activated, MDCs will
initiate the inflammatory state in Ps. Two subpopulations of dermal MDCs have been
described in psoriatic lesions: CD11c"BDCA-1" cells, which are also found in normal
skin, and CD11c"BDCA-1" cells, characterized by the ability to produce inflammatory
cytokines. CD11c’'BDCA-1" cells are comparable in number to those found in normal
skin, while CD11c’'BDCA-1" cells, named “inflammatory MDCs”, are increased
30-fold in psoriatic lesions. Both subpopulations of MDCs induce T cell proliferation
and cause differentiation into Th1 cells. In addition, inflammatory MDCs are respon-
sible for the IL-23-induced Th17 stimulation [22].

Neutrophils, important representatives of innate immune cells, are considered to
be regulators between innate and adaptive immune systems. Neutrophils are attracted
to the psoriatic plaque by chemokines (CXCL1, CXCL2) and cytokines (IL-8) released
by activated KCs, forming Munro microabscesses, an important histopathologi-
cal feature of Ps [23]. Respiratory burst, degranulation, and NETs formation, the
main offensive function of neutrophils, are correlated with Ps’ development and
progression.

During activation, neutrophils mobilize and release granular components thus
inducing their own migration and activating their antimicrobial activities. NE
(neutrophil elastase), MPO (myeloperoxidase), and LL-37 (recognized as an auto-
antigen in Ps) were reported to be highly involved in Ps. NE and cathepsin G activate
IL-36 leading to an exacerbated tissue inflammation [24]. In Ps patients’ circulatory
neutrophils have increased MPO and NOX2 (reduced nicotinamide adenine dinucleo-
tide phosphate-NADPH oxidase) activities and enhanced respiratory burst, releasing
more ROS compared to healthy individuals [25]. Overproduction of ROS induces
proliferation and differentiation of Th1, Th17, and Th22 cells, and inhibits regulatory
T cells (Tregs). Inflammatory cytokines secreted by these T cell subsets along with
VEGEF, stimulate KCs proliferation and angiogenesis [26, 27]. In psoriatic plaque
and pustules, NETs are overexpressed and IL-17 releasing cells will be activated.
Accordingly, the synthesis of inflammatory mediators will be stimulated, leading to
auto-amplification of neutrophil's overall activities [20]. Inhibition of neutrophils
degranulation and suppression of respiratory burst can become new therapeutical
targets for alleviating Ps symptoms.

Macrophages, cells with phagocytic and antigen-presenting properties, are impor-
tant innate immune sentinels. M¢ is abundant in psoriatic lesions and are involved in
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the inflammatory process due to their ability to produce cytokines and inflammatory
mediators. The most representative monokines are IL-23, responsible for the differen-
tiation of Th17 [28], and TNF-«a responsible for Th22 differentiation [29].

NK cells, recognized for their ability to kill virally infected cells and cancer
cells, appear to be involved in the pathogenesis of Ps, but their role still remains
controversial. Thus, Ottaviani et al. identified a subpopulation of NK cells with the
CD56"¢"CD16 CD158" phenotype able to produce large amounts of IFN-y, and these
cells are recruited by KC activated through chemokine secretion (CXCL10, CCL5)
[30]. Thus recruited, NK cells can contribute to the inflammatory environment of the
skin. On the other hand, Dunphy et al. noted the presence of NK cells in skin lesions
of Ps patients, but these cells were characterized by poor degranulation potency and
reduced secretion of proinflammatory cytokines (IFN-y and TNF-a) [31].

NKT cells are a distinct cellular subset that exhibits both T-cell receptor (TCR) and
NK cells lineage markers and can produce large amounts of cytokines in response to
various stimuli, such as lipids and cytokines. NKT cells have been identified in psori-
atic lesions and were reported a decreased following treatment [32]. Bonish et al. have
shown that NKT cells (CD161") can produce large amounts of IFN-y that induce CD1d
overexpression on KCs in psoriatic lesions. These KCs subsequently activate NKT cells
to produce IFN-y. Bonish et al. also suggested that the interactions between NKT and
KCs could provide a relevant mechanism in the pathogenesis of Ps [33]. Several NKT
cells can secrete IL-17 and IL-22 after IL-1f and IL-23 stimulation. These cells, named
NKT17, express high levels of RORYT, and were found in the lung, liver, marginal
lymph nodes, and skin [34], but their role in the skin is not yet well defined.

Other innate immune cells involved in Ps pathogenesis are innate lymphoid cells
(ILCs) and y8T cells, which are activated in Ps and may represent important sources
of 11-22 and IL-17.

ILCs are members of lymphoid lineage and are involved in the early response to
infections in the skin, lung, and gastrointestinal tract. In the absence of an antigen-
specific receptor, they are activated through signals from cytokine and NK receptors
and secrete high levels of cytokines. Within the three types of known ILCs, ILC3 type
seems to be involved in Ps due to its ability to produce IL-17 and IL-22. Depending on
the presence or absence of natural cytotoxicity receptor (NCR), ILC3 were classified
into NCR+ILC3 (increased in psoriatic lesions), NCR'ILC3 (commonly in normal skin),
and lymphoid tissue inducer cells (LTi). When they are activated, NCRILC3 secrete
IL-22, NCR-ILC3 produce IL-17, IL-22 and IFN-y, LTi-lymphotoxin, IL-17, and IL-22
[35]. Vilanova et al. reported an increased amount of IL-22 and IL-17 producing ILC3
in psoriatic skin, correlated with disease severity [36]. Another study showed that
NCR'ILC3 isolated from psoriatic skin, stimulated by IL-2, IL-23, and IL-1p, produce
large amounts of IL-22, but not IL-17 [37], thus suggesting that ILC3 contribute to the
development of Ps via IL-22.

y8T cells are involved in the pathology of allergic and autoimmune diseases in mice
and humans and contribute to the development of Ps by IL-17 production. Unlike
of T cells, y8T cells express TCR that consists of y and & chains. They interact with
both innate and adaptive immune cells, and with non-immune tissue cells, and can
promote tissue repair and wound healing [38]. y8T cells are able to recruit inflam-
matory myeloid cells and modulate classical T cells functions by increasing Th17
inflammatory responses and/or by reducing the activity of Treg cells [39]. In addition
to IL-17, they also secrete IFN-y, IL-22, and GM-CSF. Cai et al. reported that both
human and murine dermal innate y3T cells are an important source of IL-17 in the skin
upon IL-23 stimulation, and may represent a novel target for the Ps’ treatment [40].
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However, recent studies have shown that y8T cells account for up to 1% of T cells in
Ps, the majority of IL-17-producing T cells being afT cells and not y8T emphasizing
that human Ps is mainly driven by apT cells [41]. However, more studies are needed to
accurately determine the involvement of y3T cells in Ps.

T lymphocytes, cellular exponents of the adaptive immune system, are the key
players in the phase of maintaining the inflammatory status in Ps. The pathogenic
interactions between T-cells subsets (T-CD8*, autoreactive T cells Thl, Th17, Th22,),
DCs, and KCs, result in a self-maintaining inflammatory status with TNFa/IL-23/IL17
axis as a key point [42]. Although the involvement of T cells in Ps has been extensively
studied, the gradual scaling of T-cell mediated events is not yet fully elucidated.
Casciano et al. pointed out the four T-dependent stages consisting of a skin T cell
activation phase, the onset of chronic inflammation, the maintenance of the inflam-
matory status, and the migration of specific subsets of T cells outside the skin possibly
involved in Ps extra-cutaneous manifestations [43]. Various T cell sub-populations
have been recognized as involved in Ps pathogenesis.

T-CD8 cells have a crucial role in Ps plaque formation and strongly sustain the
autoimmune nature of the disease. DCs recognize and present epidermal autoanti-
gens (LL-37, ADAMTS-like-protein 5, keratin 17) to IL-17-producing T-CD8 cells,
in an MHC-restricted manner. Human leukocyte antigen (HLA)-C*06:02, a specific
MHC allele is involved in the autoimmune T-cell response in Ps [44]. Recent studies
have shown that T-CD8 cells accumulate in active and resolved psoriatic lesions as
tissue-resident memory T cells (TRM) with «BTCR [41] and have an IFN-y/IL-17/
IL-22 cytokine profile (thus maintaining the inflammatory status) [45]. Autoantigens
recognition by Tc1/Tc17 cells induces the secretion of cytokines that will cause the
onset of KCs hyper-proliferation. Activated KCs will contribute to the propagation
and maintenance of inflammation through the secretion of antimicrobial peptides,
cytokines, and chemokines [46].

Activated DCs also secrete IL-12 and IL-23, inducing the differentiation in Th1 and
Th17 subsets of naive T lymphocytes. In response, these effector subsets will produce
TNF-a, IFN-a, IL-17, IL-22 thus promoting KCs proliferation.

Initially, Ps was considered a predominantly Thl-mediated disease, being reported
as an imbalance between Th1 and Th2 cells. This imbalance was due to the increas-
ing of IFN-y expressions as compared to low levels obtained for IL-4, IL-5, or IL-10,
which are specific Th2 cytokines [47]. Th1 cells, a subset of T-CD4+ cells, are defined
by activation of transcription factors STAT4 and T-bet and the secretion of proinflam-
matory cytokines (IFN-y, IL-2, and TNF). Th1 cells and IFN-y levels were found
elevated in psoriatic lesions [48]. IFN-y, along with TNF-a, IFN-a, IFN-§, IL-1p, and
IL-6 activate IL-12 and IL-23 — producing MDCs in the initial phase of the disease,
and under the influence of Thi cells, KCs secrete pro-inflammatory mediators (IL-1f
and IL-18) that are further involved in the differentiation of Thl and Th17 cells [49].
Although the involvement of IFN-y-producing Th1 cells has been extensively studied,
the results of clinical trials based on anti-IFN-y antibodies did not have the expected
results [50].

Extensive literature in recent years has proven the clinical efficacy of IL-17
inhibitors, highlighting the important role of IL-17-secreting lymphocytes—Th17
and Tc17 cells—in Ps. Th17 cells are a T-CD4+ subset defined by mainly IL-17A,
IL-17F, IL-22, IL-21, and IL-26 secretion, and express retinoic acid receptor-related
orphan receptor-yt (ROR-yt) and IL-23 receptor (R) [51]. Th17-derived proinflam-
matory cytokines have a critical role in the pathogenesis of many autoimmune and
inflammatory diseases, including Ps. Th17 cells activated by IL-1f and IL-23, trigger
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inflammation and autoimmunity, while activation through IL-6 and transforming
growth factor (TGF)-p is involved in tissue defense and homeostasis [52]. Although
NK and y8T cells also synthesize IL-17, Th17 remains the main source of IL-17.

IL-12 and IL-23 secreted by activated MDCs cause differentiation into Th1, Th17,
and Th22 effector cells. IL-23 secreted by MDCs induces the differentiation of Th17
cells, and by activation of IL-23R expressed on Th17 cell, maintain the local inflam-
mation [53]. IL-17A released by Th17 cells will promote the KCs activation, which will
maintain the chronic inflammatory status through the secretion of antimicrobial pep-
tides, cytokines, and chemokines. Activated Th17 cells are present in psoriatic lesions
[54], and elevated levels of IL-23, a Th17-driving cytokine, were reported in lesional
skin [55]. These data sustain the importance of IL-23/T17 axis in the development of Ps.

Although it is recognized that Th17 cells play a critical role in the Ps pathogenesis,
and the secreted cytokines are strongly involved not only in the onset and develop-
ment of the disease but can cause complications of other associated diseases, more
research is needed regarding the pathogenicity of Th17 cells in Ps.

Another subset of T-CD4" lymphocytes involved in Ps pathogenesis is represented
by Th22 cells. Th22 differentiate from naive T cells in the presence of IL-23, IL-6,
and TNF-a, and upon activation, these cells will produce IL-22, TNF-a, IL-13, and
IL-26, but not IFN-y or IL-17. IL-22 can induce specific chemokines that will increase
specific effector responses mediated by the IL-23 / Th17 axis [56], the network
leading to epidermal hyperplasia and hypergranulosis. In a recent study, Cheuk et al.
demonstrated that epidermal Th22 and Tc17 cells are retained in healed psoriatic skin
and can induce the recurrence of the disease in previously affected areas through the
secretion of specific cytokines [57].

Another significant role in Ps’ pathogenesis is played by Tregs lymphocytes, cells
that suppress the autoimmune responses and other aberrant or excessive immune
responses against non-self-antigens [58]. Tregs play an important role in maintain-
ing homeostasis and can cause local suppression of the activity of other immune
cells, including Th1 and Th17 cells. In Ps, the suppressive function of Tregs is altered,
resulting in a Th17/Tregs imbalance and an upregulation of pro-inflammatory cyto-
kines [59]. The decreased suppression function of Tregs can be a result of elevated
levels of IL-6 produced by DCs, Th17, and endothelial cells, which inhibit per se
Tregs’ activity. Furthermore, Tregs cells can differentiate into a Th17 phenotype in Ps.
IL-17A"Foxp3*CD4" cells were found in psoriatic lesions from patients with severe Ps,
thus highlighting Tregs’ potential to differentiate into an IL-17A-producing phenotype
[60]. Thus, in Ps Tregs behave in a Th17 cells manner and hence are unable to exert
their suppressor functions. Nussbaum et al. suggested several ways of restoring Th17/
Tregs balance: induction of Tregs (using anti-TNF-q, folic acid analogs, phototherapy,
vitamin D, retinoids, anti-IL-17, and anti-IL-23), downregulation of Th17 cells (using
phototherapy, folic acid analogs, retinoids, and anti-IL-17) and inhibition of Tregs
plasticity (using pan-PKCs inhibitor and anti-IL-23) [59].Although the involvement
of B lymphocytes in Ps pathogenesis has been not as much studied compared to
T lymphocytes, recent years’ research has highlighted the possible role of IL-10-
secreting regulatory B cells (Bregs) in disease’s attenuation. Bregs are a subset with
regulatory properties exerted mainly by the production of cytokines like IL-10, TGF-
B. These subpopulations are associated with the regulation and control of excessive
inflammatory responses. Recently was underlined the heterogeneity of Bregs cells,
suggests that this population may develop from any subset of B cells in the context of
adequate stimulation [61]. IL-10-secreting B cells seem to have an inhibitory effect in
Ps development. Thus, Yanaba et al. have shown that Bregs cells suppress Ps-like skin
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inflammation induced by imiquimod (IMQ), a potent agonist for TLR7 and — 8 ina
murine experimental model [62]. Although recombinant IL-10 was one of the first
biologic agents used in Ps, the clinical trials have not been completed to be introduced
in the clinical management of Ps patients, thus more studies are needed to determine
Bregs involvement in the course of Ps.

2.2 Circulatory immune cells

Although the distribution of peripheral blood cell populations can be a valu-
able indicator for establishing the patient's immune status and ability to develop an
effective defense against pathogenic factors, circulatory immune cells have been less
studied in Ps as compared to tissue-resident immune cells. Due to their important
role in the pathogenesis of Ps, lymphocyte populations and subpopulations have been
the most studied circulating immune cells. Tissue immune cells are mirrored by the
circulatory ones as there is a constant circulation between these sites (Figure 2).

In the peripheral blood of Ps’ patients, an increased T-CD4" cells activation and
an imbalance in the Th1/Th?2 ratio, with high Th1 and low Th2 phenotypes have been
reported [63]. Also, higher levels of IFN-y, IL-2, and IL-10, decreased concentration
of IL-4, and increased expression of T-bet mRNA (Th1l-specific transcription factor)
sustain that Ps is predominantly a Th1-mediated disease [64]. In the early stages of
Ps, the patients have increased IFN-y expression, while patients in the chronic stage
have high levels of IL-10. All these findings suggest a possible shift from Th1l to Th2
response in order to down-regulate the inflammatory response [65].

In a recent study regarding the immunophenotyping of T cells in Ps’ peripheral blood,
increased Th1/Th17 cells and decreased Th2/Tregs cells were reported. The percentages
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Figure 2.

Im%’nune cells like activated dermal DCs can circulate through the lymphatic system into lymph nodes where DCs
activate various T cell subpopulations that can travel into the skin and contribute to the activation of PDCs; the
activation of cells within the skin would trigger the chemotaxis of monocytes and neutrophils into the skin and
increase the inflammatory status of the psoriatic lesion. Created with BioRender.com.
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of Th1/Th17 cells were positively correlated with disease severity (PASI score) [63]. A
positive correlation has also been reported between elevated levels of IL-21" Th17 cells
and IL-21 found in peripheral blood of Ps patients with the severity of the disease. The
study also has shown that IL-21 can promote the differentiation into the Th17 subset, and
recommends IL-21 as a potential immune marker [66].

Another T-CD4" cell subset involved in Ps’ pathogenesis is Th22. Luan et al.
reported elevated levels of circulating Th22, Tc22, and IL-22 in patients showing a
positive correlation between Th22, IL-22, and PASI score. Nevertheless, no correla-
tion was observed between circulating Tc22 and PASI score [67].

The studies regarding Tregs cells distribution in peripheral blood are controversial.
Thus, some authors report a low frequency of circulating Tregs in Ps [68], others
observed high percentages of Tregs correlated with PASI scores in moderate to severe Ps
[69], and others show no differences compared to healthy volunteers [70]. Although the
relevance of Tregs distribution in the periphery remains unclear, the decreased suppres-
sive function and an altered Th17/ Tregs balance contribute to the exacerbation of Ps.

T follicular helper (Tfh) cells are a specialized subset of T-CD4+ cells express-
ing increased levels of CXCR5, inducible T cell costimulatory (ICOS), programmed
death protein-1 (PD-1), and the transcription factors B cell lymphoma 6 (Bcl-6). This
sub-population actively secrets high levels of IL-21, IL-17, and IFN-y [71]. Tfh cells are
activated in Ps and identifying a higher percentage of circulating Tfh17 (CXCR3-CCR6+
phenotype) correlates with disease’ severity. Thus, the frequency of circulating Tth cells
and the secretion of cytokines are significantly decreased after one month of treatment.
All these findings indicate that activated circulating Tth cells are involved in Ps patho-
genesis and can constitute a potential therapeutic target for psoriatic disease [72].

In contrast to T-CD4" cells, considered the key subset of pathogenic T lym-
phocytes, circulating T-CD8" cells have been less studied and characterized. The
frequency of circulating T-CD8" cells which express cutaneous lymphocyte antigen
(CLA) is higher in Ps patients compared to healthy individuals and is strongly cor-
related with PASI score [73]. Colombo et al. evaluated circulating IL17*/IFN-y*/IL-17/
IL-22" T-CD8 cells in Ps, psoriatic arthritis (PsA), and rheumatoid arthritis (RA),
and reported high levels of IFN-y*T-CD8 cells in PsA compared to Ps. A significant
correlation between the extent and severity of Ps and the frequency of circulating
IL-17"T-CDS8 cells was as well reported [74].

Although B cells play also an important role in skin inflammation, their distribu-
tion in peripheral blood has been poorly studied in Ps. Lu et al. found upregulated
percentages of CD19" B cells in peripheral blood mononuclear cells (PBMCs) of Ps
patients, which were positively correlated with PASI score. The authors also investi-
gated the expression of CD40, CD44, CD80, CD86, and CD11b on B cells in 4 clinical
types of Ps and showed that the expressions of these activation markers are different
in various types of Ps [75]. Other studies reported decreased circulating IL-10-
producing Bregs cells in Ps, negatively correlated with Thl, Th17 cells, and IFNy"
and IL-17" NKT cells. During apremilast treatment, these values increased and were
correlated with the clinical response [76, 77].

NK cells, known for their anti-viral and anti-tumoral functions, were found in the
inflammatory infiltrate of the psoriatic lesions. Even though Ps is a skin disorder, there
have been reported changes in circulating NK cells. The number of circulating NK
cells is reduced in Ps patients. The levels of circulating IFN-y and TNF-« are similar to
healthy controls [78]. The low levels of NK cells in Ps patients peripheral blood, cor-
related with a lower frequency of cells expressing NK specific markers (CD56, CD16,
CDY%4, CD158a) but no correlation with the severity of the disease [79]. NK cells had
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increased expression of the apoptosis-associated Fas receptor and lower expression
of CD94 and NKG2A. In addition to its ability to induce apoptosis, Fas receptor is
also able to induce the production of proinflammatory cytokines, including TNF-a, a
key cytokine in Ps. No differences between Ps patients and controls were reported for
CD56%™CD16" and CD56"¢"CD16" in peripheral blood [80]. Significantly decreased
circulating CD3"CD16"CD56" NK cells correlated with increased B lymphocytes in Ps
patients were also reported [81]. The role of circulating NK cells in Ps pathogenesis
remains still unclear and a subject for further investigation.

In our studies, we identified several phenotypic changes in lymphocyte main
populations in the IMQ-mice model. We reported decreased percentages of circulating
T-CD4" and B-CD19" cells, and elevated levels of T-CD8* and NK1.1" cells in IMQ-
treated mice as compared to healthy animals [82]. For NK cells phenotypic character-
ization we used a large panel of surface markers including activation, maturation, and
markers for cytokine receptors. The results showed important differences in IMQ-
treated mouse NK cell phenotype as compared to controls [83]. Taking into account
the recently found relation between gut microbiota and Ps initiation, we have demon-
strated that oral ingestion of IgY raised against pathological gut bacteria resistant to
antibiotics can alleviate psoriatic lesions and restore immune parameters [18].

In Ps innate immune cells have been less studied in the peripheral circulation
compared to lymphocytes. Besides KCs and T cells, neutrophils are an important
cellular source of IL-17 via NETs formation in psoriatic lesions. NETSs are increased
in blood samples and were correlated with the severity of Ps [84]. Lambert et al.
demonstrated that NETs promote Th17 cells induction from PBMCs in Ps. They also
suggested that Th17 cells and neutrophils have a cross-talk because this effector helper
subset produces cytokines that promote the development, recruitment, and lifespan
of neutrophils [85].

Nguyen et al. observed a high expression of the co-stimulatory molecule CD86
on intermediate monocytes (CD14"*CD16") in Ps patients, along with high serum
beta defensin-2 levels, these parameters positively correlated with PASI score [86].
Recent studies reported that low levels of monocytic myeloid-derived suppressor
cells (Mo-MDSCs) are present in the peripheral blood of Ps patients; these cells
secrete different pro-inflammatory cytokines (e.g. matrix metalloproteinases 9 and
1, IL-8) moderately suppressing T-CD8" cell proliferation. According to Soler et al.,
the immune system is unable to self-regulate due to the capability of Mo-MDSCs to
induce aberrant Tregs cell conversion from naive T effector cells, in presence of pro-
inflammatory molecules [87].

ILCs has a significantly increased frequency in the skin, but Villanova and al.
observed in the blood of healthy individuals and Ps patients a large amount of CD3
negative (CD3") ILC who produce IL-17A and IL-22 (20% of IL-17 producing cells,
respectively 40% of IL-22) [88]. NKp44" ILC3 group is the most frequent subset of
ILCs in the peripheral blood and in the skin of Ps patients as compared to healthy
individuals. The frequency of circulating NKp44+ ILC3 could reflect the disease
severity and/or the response to anti-TNF treatment (adalimumab), highlighting the
role of TNF in NKp44* ILC3 human differentiation [89].

Depending on the & chain, y3T cells are classified into V81—-V383 subsets. In the
peripheral blood are present V52 and V83 groups, with the major subset Vy9V52
which produce a large range of pro-inflammatory mediators (e.g. IL-17A) and activate
KCs in a TNF-a and IFN-y dependent manner. Laggner et al. ha shown in peripheral
blood a distinct subset of pro-inflammatory CLA and CCR6 positive Vy9V52 T cells,
which are rapidly recruited into the injured skin [90]. These cells secrete IL-17 A,
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IL-22 and activate KCs upon TNF-a, IFN-y, and IL-23 stimulation [65]. Ps patients
present low numbers of Vy9V82" T cells in peripheral blood and concomitant high
levels in psoriatic lesions, both suggesting the pathogenic role of the Vy9V&2" T subset
[90]. The decreased concentration of circulating Vy9V82* T cells is normalized after
successful Ps treatment. All the data suggest a redistribution of these subsets of y3 T
cells from blood to the skin [65].

3. Immune molecules as biomarkers in psoriasis

Ps is a polygenic skin disease with immunological etiology. The immune system
interacts with KC and a complex network of cells is generated, where dendritic cells,
T-lymphocytes, neutrophils, and mast cells communicate through immune-related
molecules inducing the complex pathology of Ps. The main immune molecules
involved in the development of this disease are IL-23, IL-17, IL-12, IL-22, IL-23, IL-6,
IL-10, IFN, TNF, TGF-p1 [91]. All these molecules have cellular sources mainly Th17,
Th22, and Tregs cells [92]. The presence of these molecules induces an inflammatory
process that sustains the proliferation of epidermal cells, neo-angiogenesis, and infil-
tration of DCs in the skin. Recently, new players were identified in the Ps development,
such as the skin microbiome [18] and the skin’s serotonergic system [93]. For example,
it was recently reported that the microbiome variations are associated with the level of
inflammatory cytokines receptors, especially with the IL-2 receptor [94, 95].

A recent study has shown that Ps deregulated genes were found. These genes are
involving cytokine-cytokine receptor interaction, cell cycle and cell adhesion mol-
ecules and these candidate genes regulating important immune pathways can be new
therapeutic targets in Ps [96]. There are more than 50 genetic susceptible biomarkers
associated with the risk of Ps. The strongest association is with the presence of the
HLA-C*06 gene and HLA-B27 [97]. The other genetic Ps risk, single nucleotide poly-
morphisms (SNPs) are near the genes encoding molecules functioning in the adaptive
and innate immunity [98].

3.1 Tissue immune molecules as biomarkers in psoriasis

The first cellular line of skin’s defense is KCs that upon injury secrete an array of
alarmins. These are molecules that induce a rapid innate immune response against
danger signals. Any deregulation in the physiology of KCs can lead to chronic inflam-
mation, hyper-proliferation, and eventually a psoriatic lesion. Keratins (KRTs), major
structural intermediate filament proteins of KCs were shown to be involved in Ps.
Hence, up-regulation of KRT6/16/17 induces hyper-proliferation and innate immune
activation followed by autoimmune T cells activation [99]. Transcriptomic studies
have shown that KCs from Ps skin harvested from patient’s skin have a high expres-
sion of mRNA encoding for SERPINB [100]. Moreover, SERPINB is regulated by TEA
domain family member 4 (TEAD4) and affects the secretion of chemokines in Ps,
hindering the normal cross-talk between KCs and T cells [101]. Other important cells
within the skin are dermal fibroblasts that are in close contact with immune cells. A
recent proteomic study has shown that Ps fibroblasts have upregulated proinflam-
matory factors and downregulated other factors that are involved in transcription/
translation processes, glycolysis/ adenosine triphosphate synthesis. All these deregu-
lations contribute to the promotion of epidermal cell hyper-proliferation [102].
Another major cell involved in Ps is the Langerhans cell (LCs), the only DCs residing
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in the epidermis that is physically linked to KCs through E-cadherin. A recent study
has shown that in Ps E-cadherin does not regulate LCs maturation, migration, and
function [103].

There are a series of surface molecules appending to immune cells that are highly
involved in Ps’ appearance and maintenance of immune tolerance. Therefore, neuro-
pilin-1 (NRP1), PD-1, and HLA-G are the main tissue players in Ps. These molecules
were found significantly lower in Ps compared to normal skin and were similar in Ps
variants like PsA and Ps vulgaris patients [104]. Another tissue immune marker rel-
evant for Ps is the TLR superfamily. When TLRs become aberrantly activated, T cell-
mediated autoimmune activation will take place, leading to several diseases including
Ps [105]. In Ps’ skin samples low levels of thrombospondin-1 (TSP-1) and CD47 were
found inversely correlated with disease severity. The TSP-1/CD47 signaling pathway
impacts Th17 and Tregs differentiation, favoring disease initiation [106]. Recently in
an IMQ-induced psoriatic animal model, it was shown that IL-17A, IL-23, TNF-a, and
STRAG levels were found significantly increased in tissue along with their circulatory
counterparts. RBP4 and STRA6 were found upregulated and involved in the experi-
mental Ps [107]. The inflammatory Th17 response in Ps was reported to be modulated
by IL-33 produced by the inflamed skin tissue, adding to the chronic status of Ps
[108]. CDC6 is an essential regulator of the complex (pre-RC) assembly on chromatin.
CDC6 expression was found upregulated in Ps lesions and probably the main route is
induced by IL-22/STAT3 signaling, a key signaling pathway in Ps [109]. In a genetic
mouse model, it was demonstrated that IL-23 produced by KCs induces chronic skin
inflammation displaying an IL-17 pattern. In KCs from Ps’ lesions, a decrease in H3K9
demethylation is correlated with IL-23 increased expression [110]. In a mouse experi-
mental model harboring mutations in the gene encoding for CARD14 (KCs signaling
molecule) it was shown that the animals spontaneously develop Ps, their skin has
increased expression of anti-microbial peptides, chemokines, and cytokines, therefore
Ps’ pathogenesis in this model being driven by the IL-23/IL-17 axis. A diagram of the
main immune molecules involved in Ps’ pathogenesis is depicted in Figure 3 [111].

In the IL-23/IL-17 axis, T lymphocytes, namely the Th17 subpopulation are the
main cells that secrete IL-17A, IL-17F, and IL-22 [112], but also mast cells and neutro-
phils were shown to produce IL-17 in Ps’ lesions [113].

3.2 Circulatory immune markers

Cytokines/chemokines that appear in the psoriatic lesion are essential for KCs
activation. In immune homeostasis, if genetic and/or non-genetic factors interfere in
the KC-T cell cross-talk the relation between resident T cells and KCs will be altered and
a chronic inflammatory response will sustain the Ps lesions [114, 115]. All these altera-
tions in terms of immune and non-immune molecules will be mirrored by the circula-
tory pattern of cytokines, chemokines, and various other molecules that can become
biomarkers in Ps. A proteomic approach of Ps patients’ plasma has shown that several
proteins are decreased while others are increased. Hence apolipoprotein M, and proteins
involved in vitamin D metabolism were found to decrease, while proteins involved in
signaling molecule secretion were found to increase favoring cellular proliferation [116].

The complement system is essential in host defense against various pathogens, but
in the last years, it was shown that due to its regulation properties of inflammation is
involved in Ps development. As autoantibodies can activate the complement system,
any deficiency of this system induces an impaired immune complex clearance and
would sustain Ps lesions [117].
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Figure 3.

ILij/ Thiy axis in Ps. DC are activated by various cells (KCs, M, PDC, NKT cells) and stimuli. When
activated DC will secrete IL-23 activating Thiy lymphocytes that will activate KCs through IL-17, IL-22, IL-21.
Activated KCs will express specific Ps’ genes (DEFB4 gene which encoded human p-defensin 2) and secrete an
array of molecules (S100 protein, lipocalin (LCN), CCL20, CXCL1-3, 5, 6, 8, IL-1p) that will induce chronic
inflammation of the skin. Created with BioRender.com.

As already stated, the main deregulated axis in Ps is IL-22/IL-23/IL-17 axis.
Memory Tregs are the main source of IL-17 in Ps [118]. IL-17A and F, when highly
abundant, strongly induce S100-alarmins expression during KCs maturation [119].
IL-17A and IL-22 were found elevated in the serum of Ps patients, in accordance with
increased IL-17 mRNA levels in the skin [120, 121]. IL-17A would further stimulate
KCs to secrete chemokine CCL20, IL-8, and AMP, promoting inflammation [122].
Additionally, in Ps IL-17A synergizes with TNF and IL-22 and this cytokine cocktail
upregulates IL-36 contributing to the inflammatory status [123]. IL-17F is found
elevated in the serum of Ps [124] and is promoted by IL-23 [125], inducing further
IL-6 and IL-8 secretion by KCs [126].

CD100-plexins were found elevated in Ps serum and were reported to increase the
production of chemokines (CXCL1, CCL20) and cytokines (IL-1p, IL-18) when KCs
activate NLRP3 inflammasome [127].

A recent study has shown that surviving, a protein belonging to the apoptosis
inhibitor family was found to significantly increase in Ps patients suggesting its role in
the pathogenesis of Ps [128].

4. Immune therapeutical outlines in Ps

Although diagnosis and therapy in skin pathologies have beneficiated from novel
investigation assays [129, 130] and new therapies are emerging [18], there are still
many immune niches that can be explored in the quest to find the best biomarker in
diagnostic and therapy efficacy improvement [131].
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A recent meta-analysis of biologics treatment in Ps has shown that the biological
treatments that target IL-17, IL-12, IL-23, and TNF-a were significantly more effective
in comparison to small molecules/conventional systemic agents [132]. Slowing down
the pro-inflammatory biological processes using early intervention with anti-IL-17
and anti-IL-23 agents might positively change the course of Ps, especially in the cur-
rent pandemic era, where chronic patients can reduce their hospital visits [133].

IL-17 inhibitors, namely secukinumab, ixekizumab, brodalumab and IL-23 inhibi-
tors, namely guselkumab, tildrakizumab, risankizumab show increased effectiveness
compared to other biologicals [134]. A recent meta-analysis has shown that these
are the best choices in order to achieve PASI 90 in patients with moderate-to-severe
psoriasis. The authors point out that future trials are needed to evaluate directly the
biological agents in order to establish the best choice in terms of type and timing.
Therefore, trials on anti-IL-17 versus anti-IL-23, anti-IL-23 versus anti-IL-12/-23,
anti-TNF-a versus anti-IL-12/-23, and so on are to be expected (Cohrane skin group,
2021). Despite the therapeutical success of recent drugs, there are still a reactive
patients to these treatments. Therefore, the combination of multiple immune-mod-
ulatory drugs can be an appropriate alternative strategy to improve the quality of life
in Ps [135, 136]. Moreover, new biomarkers should personalize treatment with IL-17
inhibitors and IL-23 inhibitors and should stratify patients in Ps subgroups that could
best beneficiate from these new biologics [137].

Historically, TNF-a inhibitors were the first biologicals approved in PsA. Now,
targeting IL-12/IL-23 p40 common subunit, IL-17A, T cells co-stimulation, is proving
an increased efficacy in Ps therapy. Moreover, additional drugs targeting phosphodies-
terase-4 and JAK/STAT pathways are recently being developed [138]. Many cytokines
are related to the pathways controlled by JAK/signal transducers and activators of
transcription (STATs). JAK inhibitors have been approved in PsA [139]. In 2020,
data from the Phase II trial of several selective TYK2 inhibitors in Ps were published
[140] and new drugs targeting the JAK/STAT3 axis in Ps treatment are awaited [141].
Berberine was reported to inhibit CDK4/6-RB-CDC6 signaling in KCs, reducing their
proliferation. This alkaloid extracted from Berberis plants represses JAK1, JAK2, and
TYK?2, inhibiting STAT?3 activation [109].

Drug Target Stage Reference

Anti-TNF TNF-a Approved [132]

Secukinumab, ixekizumab, IL-17 Approved [132,133]

brodalumab

Guselkumab, tildrakizumab, IL-23 [134]

risankizumab

TYK?2 inhibitors TYK2 Phase II trial [140]

Berberine CDK4/6-RB-CDC6 signaling In vitro [109]
experiments

Prostaglandin D2 Th2 cells In vitro [144]
experiments

Luteolin Proinflammatory cytokines In vitro [146]
experiments

Table 1.

Main drugs approved in Ps and/or that are in various testing stages.
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Co-stimulatory molecules (CD28, CD40, OX40, CD27, DR3, LFA-1, LFA-3) and
co-inhibitory molecules (CTLA-4, PD-1, TIM-3) regulate T cells functions, including
cytokines production and Tregs differentiation. In 2021 it was shown that co-signal-
ing molecules targeting can be developed in future Ps’ drugs [142].

Biologics targeting TNF, IL-17s, and IL-23 in Ps are associated with adverse
immune effects. In a recent study, high antinuclear antibodies (ANA), high eosino-
phils, and high IgE were reported. Therefore, in Ps, careful observation is required
when patients are subjected to these new biologics [143]. Due to these adverse effects,
several other compounds are tested in Ps, like prostaglandin D2 inhibiting Th2 cells
[144]. Vitamin D3 analogs, corticosteroids, or a combination of these compounds are
tested as future drugs in Ps [145]. Flavonoids like luteolin can suppress proinflamma-
tory cytokines (e.g., IL-1p, IL-6, IL-8, IL-17, IL-22, TNF-a) and regulate the signaling
pathways that are highly involved in Ps [146].

Table 1 summarizes the main drugs that are already approved and/or are in vari-
ous development stages in Ps.

5. Conclusion

Ps management is constantly evolving in parallel with new insights in the immune
pathogenesis. In spite of extensive studies, Ps remains a complex and enigmatic
disease as still, its clear etiology is a matter of intense research. New drugs that are
targeting the immune pathways using biologics and small molecules have signifi-
cantly improved life quality in Ps. Biomarkers from the area of cytokines, various
soluble mediators, cell-surface molecules or receptors, intracellular signaling path-
ways molecules, encompass the panel of tools that can improve diagnosis and progno-
sis in Ps. The most recent image of Ps within the immunological system highlights the
importance of immune cells involved in Ps.
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Chapter 6

Immunomodulatory Effect of
Methotrexate Abruptly Controls
Keratinocyte Activation in Psoriasis

Tamilselvi Elango, Anbuvaj Jeyavaj, Haripriya Dayalan,
Pushpa Gnanaraj, Xinghui Li and Xuejun Zhang

Abstract

In psoriatic skin, epidermal keratinocytes (KCs) undergo deregulated inflammatory
response that leads to prolonged expression of inflammatory mediators as well as abnor-
mal keratins. Due to immune and genetic factors, KCs get activated and cell balance gets
disturbed. This activation is mainly due to deregulated inflammatory response. A vicious
cycle of KC-immune response called KC activation cycle leads to psoriasis. In psoriatic
skin, epidermal KCs undergo deregulated inflammatory response that leads to prolonged
expression of inflammatory mediators as well as abnormal keratins. Methotrexate
(MTX) an immunosuppressive agent has been used as a standard drug to treat severe
psoriasis. Acanthosis and abnormal terminal differentiation was mainly due to the
mutation in epidermal keratins. In turn, disease severity and relapsing of psoriasis are
mainly due to the mutation of hyperproliferative keratins. These novel keratin mutations
in psoriatic epidermis might be one of the causative factors for psoriasis. MTX strongly
regulates the KC activation cycle by deregulated inflammatory markers and maintains
normal keratin phenotype on hyperproliferating KC, thereby controlling acanthosis in
psoriasis patients.

Keywords: psoriasis, methotrexate, keratins, inflammatory markers, keratinocyte

1. Introduction

Psoriasis is a chronic inflammatory skin disease that mainly characterized by
acanthosis, abnormal differentiation and infiltration of leukocytes from the dermis.
The factors that causing this disease are genetic, environmental and inflammatory
mediators [1]. In normal skin, the transformation of basal keratinocytes (KCs) to
anucleate corneocytes process will takes within 50 days. Whereas, in psoriatic skin the
epidermal cell cycle is rapid and the transformation occurs within 5 days. Thereby,
the stratum corneum contains fully unmatured keratinized cells which build up
abnormally and forms scales like structure. Due to this, epidermis of psoriatic lesions
will become thicker and also blood vessels in the papillary layer of the dermis get
dilated along with effusion of inflammatory cells, such as neutrophils, infiltrate the
epidermis [2]. About 80% of the epidermal skin constitutes KCs. KC play a major role
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in this chronic inflammatory disease. It play a special role in sensing epidermal barrier
and regulating immune homeostasis [1].

1.1 Hyperproliferation of epidermis in psoriasis

Until the late 1970s, the hypothesis of psoriasis arising from abnormalities in KCs
was favored, and the abnormal proliferation was treated with antiproliferative agents.
Since then, the participation of KC in the pathogenesis of psoriasis has certainly been
overlooked. A publication by Zenz et al. [3] has highlighted again the role of KC in
the pathomechanisms leading to psoriatic lesions. Their findings favor the view that
psoriasis could also be regarded as a primary KC disorder amplified by the immune
system [4]. While the debate will continue among skin biologists on the different
theories, it is unquestionable that KC are potential initiators of inflammation, pro-
ducing a number of cytokines, adhesion molecules and growth factors.

The growth of KC is regulated by a delicate balance between molecules that
control cell survival and cell death. Thus, the thickness of human epidermis remains
relatively constant throughout life. This regulation is disturbed in psoriasis that leads
to KC hyperproliferation with the net result of an increase in the volume of cell mass
[5]. The epidermal cell cycle of hyperproliferating psoriatic KC occurs within 5 days.
Effusion of growth factors and inflammatory mediators from different skin cells, are
believed to regulate the epidermal hyperproliferation in psoriasis (Figure 1) [6].

When skin cells exposed to any external factors such as environmental, chemi-
cal and internal factor like genetic, psychological and physical stress will probably
activate immune cells within the KCs, which create KCs to hyperproliferate and also
altered differentiation. Thus, the establishment of mutual KC-immunocyte stimula-
tion (KC activation cycle) will leads to psoriasis [7, 8]. The hyperproliferation in
psoriasis seemed to result from an increase in the number of transit amplifying cells,
following depletion of the stem cell compartment [9]. As a whole, these changes sug-
gest that intermediate filament (IF) keratin pair provides specific functional require-
ments to maintain epidermal KCs. KCs stability and integrity are mainly depend on
keratin proteins [10, 11]. Keratins are the main structural cytoskeletal protein, an
IF in all epithelia [12]. In normal skin, basal KCs express K5 and Keratin 14 (K14)
keratins which helps in proliferation, whereas suprabasal cells express K1 and Keratin
10 (K10) keratins which supports differentiation process [13, 14]. Subsequently, any
defects in these keratins can lead to cell fragility and are linked to a wide array of
genodermatoses and cancers [15, 16].

Since genome-wide association studies (GWAS), connecting the psoriasis to the late
cornified envelope gene cluster has specified that epidermal abnormalities along with
hyperproliferative keratin pattern plays a major role in the pathogenesis of psoriasis
[17, 18]. Studies have shown that dysfunction or mutations of keratin proteins are associ-
ated with a remarkable variety of skin disorders, such as skin blistering, inflammatory
disorders and skin tumors [19]. The main aim of psoriasis treatments is to stop skin cells
from growing so quickly and to remove scales. Methotrexate (MTX) is considered as the
gold standard therapy for moderate to severe psoriasis [20-23]. Mostly, MTX exerts vari-
ous immunomodulatory effects on T cell and also control KC growth [24]. In psoriasis,
MTX was found to decreases the markers involved in hyperproliferation [25].

In this chapter we will first describe KC hyperproliferation then how keratins are
expressed and regulated in psoriasis, then we will describe how MTX exert its action
on controlling psoriasis through its immunomodulatory effect on Keratins and KC
activation.
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Figure 1.

Hllustration of the epidermal layers of the normal skin and psoriatic skin including scaliness, hyperkeratosis,
and neutrophil accumulation in the stratum corneum. A indicates immunohistology of normal skin, B indicates
immunohistology of psoriatic skin.

2. Keratins involved in psoriasis

The hyperproliferation seemed to result from an increase in the number of transit
amplifying cells, following depletion of the stem cell compartment [9, 26]. The dif-
ferentiation state of epidermal KCs is reflected by the intricate expression pattern of
keratins [27, 28]. Keratins are members of the large IF gene family [29] in all epithelia
including the epidermis. Basal KCs express keratins (K) K5 and K14, which helps to
maintain epidermal shape are replaced by differentiation keratin K1 and K10 [27],
whereas in activated KCs, keratins K6, K16, and Keratin 17 (K17), which are distinct
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Figure 2.

Pr%tein structuve of epidermal and hyperproliferative keratins protein. (a) Schematic representation of secondary
structure of all four keratins with their domain and sub domain. Whereas, S = peptide epitope; L = linker. (b)
Region specific of 33 deletevious mutation localization. The left sides of the figures are the 3D structure of all four
kevatins CDS region. The right sides of the figures ave the 3D structuves of domains with mutated residues. The
mutated residues arve numbered according to their position on regions. The position of mutated amino acids (aa)
on all four keratins and on CDS regions are provided [31].

from the keratins in the healthy epidermis, are expressed [30]. Therefore, keratins K6,
K16, and K17 are usually referred to as activation- and hyperproliferation-associated
keratins. There are predicted deleterious mutations were highly located in a-helical
rod domain of keratins which forms coiled structure to these keratins, are important to
maintain the structural integrity of the skin. Thus the genetic defects of basal keratin
K14 and differentiation keratin K10 in skin might leads to express abnormal keratin
pair which causes thickening of epidermis (acanthosis) in psoriasis (Figure 2).

2.1 Keratin 14

Keratin 5 and K14 pair are considered as a biochemical marker of mitotically active
basal layers. This pairs are supports to maintain epidermal integrity as well as protects
skin from mechanical stress. Interestingly, the K5/K14 pair is expressed in the basal
layer of the epidermis, which contains epidermal stem cells and transient amplifying
(TA) cells [32]. Many studies have showed that the level of K14 was considerably higher
in lesional skin than in normal epidermis [33-35]. p53 activation promotes the expres-
sion of p21 and the repression of K14 during epidermal differentiation [36], whereas
in psoriasis, there is downregulation of p53 [37] and also decreased Notch 1 expression
[38] causes increase in K14 expression in psoriasis [39]. p/SNTR is nearly absent in pso-
riatic KCs that are reportedly resistant to apoptosis, leads to increase TA cell turnover in
psoriasis which leads to increase in K14 expression in psoriasis (Figure 3) [40].

2.2 Keratin 10

The epidermis is a stratified epithelium that regenerates permanently from the
basal layer. K10 pair with K1 is considered as a major differentiation keratin [29].
Normally,the basal layer contains K14, K15, and K5, whereas suprabasal, postmitotic
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Figure 3.

Immunofluorescence analysis of keratins in control and lesional psoviatic skin. Immunofluorescence analysis
of epidermal and hyperproliferative type I keratins in frozen skin sections from patients with psoriatic skin
(x20 magnification, respectively), and nuclei were visualized with 4'-6-diamidino-2-phenylindole (DAPI).
Bar = 100 uym. Ab = antibody [31].

cells switch to the expression of K1 and K10 [41, 42] is also involved in the control

of cell proliferation [43]. Many studies have shown a downregulation of K1 and K10
[33-35] in psoriatic epidermis. This may be due to downregulation in E-cadherin
expression [43], and increase in IL-22 [45-48] levels in psoriasis. Also c-fos protein in
AP-1 transcription factor highly regulates a number of genes that are involved in KC
differentiation were found to be reduced in psoriasis [49-52].

In psoriasis, defects in K10 expression leads to hyperproliferation of KCs by
decreasing its inhibitory action on Rb phosphorylation, which leads to increased
Cyclin D and E expression and also increased Phosho-Akt levels in psoriasis
(Figure 3) [52].

2.3 Keratin 16

Keratin 16 expressions, reduces the fraction of cells in G1 while increasing that in
S phase [52]. Many authors also shown an upregulation of K6 and K16 [33, 35, 54, 55]
in psoriatic epidermis. Decrease expression of keratin 10 gene leads to hyperprolifera-
tion of basal cells, alterations in epidermal cell cycle by inducing cmyc, cyclin D1,
14-3-30, keratin 6 and keratin 16 [56]. Multiple transcription factors activated by
the extracellular signals revealed the specific signals transduction mechanisms that
respond to the corresponding growth factors and cytokines. For example, inter-
leukin-1 (IL-1), present in healthy epidermis in inactive form [57], when released
autocrinely, activates NFkB and C/EBP, thus initiating KC activation. Among the
characteristics of activated KCs is the production of tumor necrosis factor-o (TNF-a)
[58], which maintains activated NFkB and C/EBP. Activated KCs produce ligands
of the EGF receptor that cause activation of AP1, such as transforming growth
factor-a (TGF-a), amphiregulin and HB-EGF. Interestingly, all these cytokines and

107



Psoriasis - New Research

HaCaT cells

-
Ras N\
N\

- P
EGF Receptors (Grb2 ( Sos | ~7 ’L

Cytoplasm"l

Nucleus|

DCD
"P

Figure 4.
Transcriptional vegulation of the human keratin 16 gene in HaCaT cells.

growth factors IL-1, TNF-a, TGF-a and EGF, induce expression of the K16 genes,
albeit through separate pathways [54, 59-61]. Study has shown that biosynthesis of
AP1 protein (c-Jun and c-Fos) through Ras activation are actively participate in the
transcriptional regulation for EGF which induced keratin 16 gene expression in KCs
[62], this implies that EGF induces Keratin 16 expression in psoriasis (Figure 4).

2.4 Keratin 17

Keratin 17 (K17) is a type I intermediate filament mainly expressed in the basal
cells of epithelial in hair follicles. As a complex cytoskeletal protein, K17 regulates a
numereous biological processes in epithelial layer, including cell proliferation and
growth, skin inflammation and hair follicle cycling. Abnormal expression of K17 is
found in various diseases ranging from psoriasis to malignancies such as breast, cervi-
cal, oral squamous and gastric carcinomas [63, 64].

Many studies have showed the aberrant expression of K17 in psoriatic epidermis
[35, 65, 66]. This aberrant expression is mainly due to interferon-y (IFN-y) produced
by activated T cell [67]. Various inflammatory mediators like IFN-vy, IL-6, IL-17 A,
IL-22 derived from T cells induced transcription of keratin K17 through STAT3- and
ERK1/2-dependent mechanisms [64, 68, 69]. Thus, all these cytokines are involved in
the induction of K17/T cell/cytokine autoimmune loop and play an important role in
the progression of psoriasis [68].
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3. Keratinocyte activation cycle (KAC)

Basal KC have two alternative pathways to end up. In normal skin, KCs undergo
proliferation in basal layer and differentiation in both spinosus, granular layer, finally
it end up as anucleate corneocytes in cornified layers. During all these process, vari-
ous factors like calcium, retinoic acid, vitamin D3 and protein kinase C (PKC) activa-
tors are required to induce proliferation and differentiation in epidermis [70-74]. For
proliferation and differentiation, Epidermal KCs required a pair of kertain proteins,
for instance, in normal skin Keratin pair K5/K14 expressed in basal layer and K1/K10
are expressed in spinosus layer [75].

However, in pathological conditions like epidermal injury, cancer and psoriasis an
alternative KCs pathway is get activated by inflammatory mediators. This alternative
pathway disturbed normal proliferation and migrating phenotype in KCs [76, 77].
This alternative pathway is considered as a unusual cycle formed by the interaction
of KCs-immunocytes, which is precisely elucidated as KC activation cycle [78]. This
activation cycle begins with leakage of interleukin-1 beta (IL-1 p) from KC after any
injury or disease condition. This inflammatory mediator initiate activation of KCs by
changing the keratin pattern from K5/14 to K6/16 and firmly maintained by TNF-a
and TGF-a [60, 61, 75, 79]. After any treatment or lesional healing stage, IFN-y was
released by KCs which act as a signal for healing process and also induces the expres-
sion of K17 [69, 80]. To normalize the healed skin, a transforming growth factor-f

(TGF-p) synthesized from dermal fibroblasts were found to aid KCs phenotype by
producing K5/14 keratin in basal layer (Figure 5) [81].

Psoriatic
Keratinocyte

Keratins 1/10

Caz*,k
PKC, Vit. A

) Normal Keratinocyte ]

Figure 5.

The KC activation cycle. In normal KC, Basal layer produces K5 and K14 and differentiate to K1 and Ko

with the help of caz2+, D3. Whereas in psoriatic KCs, K5 and K14 produce K6 and K16 by IL-1. TNF-a help

to maintains activated KCs. Then, IFN-y prompts K17 expression which stimulates KCs contractility. TGF-y,a
de-activating signal is not produced during psoriass, thereby hyperproliferation of epidermis in psoriasis. Symbol
1 indicates increase in psoriasis; symbol { indicates decrease in psoriasis.

109



Psoriasis - New Research

3.1 Initiator of activation

The most common initiator of KC activation is IL-1. In pathological conditions
like psoriasis, KC process and release IL-1, allowing the surrounding cells to perceive
it [82-84]. The released IL-1 serves as a paracrine signal to dermal endothelial cells
to become activated, express selectins, and slow down the circulating lymphocytes
[85, 86]. IL-1 also serves as a chemoattractant for lymphocytes, causing them to
extravasate and migrate to the site of lesion [87]. Furthermore, IL-1 is an activator
of dermal fibroblasts, enhancing their migration, proliferation, and production of
dermal extracellular matrix components [88]. IL-1 is also an autocrine signal that
activates KC. IL-1 causes them to proliferate, become migratory, and express an
activation-specific set of genes [76]. Thus, IL-1 initiates KC activation not only by
triggering additional signaling events, but also by inducing directly the synthesis of
K6/K16 in epidermal KC, and thus changing the composition of their cytoskeleton.

3.2 Maintenance of activation

TNF-a induced by IL-1 can maintain KCs in an activated state [75]. In psoriasis, a
wide variety of cells produce TNF-a, primarily macrophages and monocytes but also
epithelial cells including KCs [89]. TNF-a activates immune responses by inducing
production of additional signaling molecules, cytokines, growth factors, their recep-
tors, and adhesion proteins (e.g., amphiregulin, TGF-a, IL-1 a, IL-1 receptor antago-
nist, epidermal growth factor receptor (EGFR), and intercellular adhesion molecule
(ICAM-1) [90]. In response to the activation of the EGFR, KCs proliferate, degrade
components of the extracellular matrix, and become migratory [91].

3.3 The activated phenotype

Once activated, KCs synthesize additional signaling growth factors and cytokines
including TGF-« IL-3, IL-6, IL-8, G-CSF, GM-CSF, and M-CSF [91, 92]. These signal-
ing molecules produced by KCs act as paracrine signal to white blood cells, lympho-
cytes, fibroblasts, and endothelial cells in dermis. Apart from paracrine, it also acts as
an autocrine signal for KCs in epidermis. Numerous cell surface proteins and integrins
are also found to act as secondary moiety to activate epidermal KCs [93, 94].

3.4 The contractile keratinocyte

Psoriasis is associated with high levels of IFN-y in epidermis [91]. IFN-y strongly and
specifically induced the promoter of the K17 (abnormal marker) gene. K17 is exceptional
because it is not found in healthy interfollicular epidermis, but it is expressed in certain
pathologic states, psoriasis [28]. The function of K17 in epidermis therefore may be to
promote or allow KC contractility and/or frequent changes in shape [95]. Indeed, expres-
sion of K17 has been used to evaluate the course of treatment of psoriatic patients [63].
Due to failure, to resolve the deregulated inflammatory response in psoriasis leads to the
persistent activation of KCs, which is characterized by prolonged K17 expression [13].

3.5 Back to normal basal phenotype

To revert to the basal cell phenotype, KCs need a signal. This signal comes from
the dermal fibroblasts in the form of TGF-p. Cell kinetics study by Van Ruissen et al.
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[96] clearly indicate that the TGF-f donot control KCs normal proliferation, but

it controls the abnormal proliferation of KCs (antihyperproliferative). Whereas in
psoriasis, the expression of TGF-p is low [97]. So the activation cycle is not reverted to
normal basal phenotype, therefore hyperproliferation of KC takes place in psoriasis.

4, Methotrexate

MTX is the most commonly used systemic agent for psoriasis and, because it has
been available for 35 years, most dermatologists are comfortable with its use. It is
considered as an longstanding effective oral medication for the treatment of various
types of psoriasis [98, 99]. Generally psoriasis treatment is mainly depends on the
PASI score. For mild psoriasis patients, doctors prescribed topical therapy and pho-
totherapy. For moderate to severe disease who have at least 5% of their skin covered
with psoriasis are treated with oral medications like MTX, cyclosporine. [100]. Folate
supplementation along with MTX reduces the incidence of megaloblastic anemia,
hepatotoxicity, and gastrointestinal intolerance [101].

4.1 History

Anti-metabolites mimic substances required for normal biochemical reactions
and thus interfere with normal functions of the cell, including cell division. They may
masquerade as purines (e.g., azathioprine), pyrimidines (e.g., 5-flourouracil) and folic
acid analogs essential for purine and pyrimidine synthesis, (e.g., MTX). Methotrexate,
formerly known as aminopterin, has been widely used in the treatment of cancer
and autoimmune diseases [102]. It was first developed in the 1940s when scientists
were investigating the effects of folic acid on cancer, particularly childhood leukemia
[103]. MTX is an analog of folic acid that inhibits cellular proliferation inducing folate
coenzyme deficiencies [104]. When MTX was incidentally noted to improve psoriatic
lesions in the 1960s it became clear that it possessed anti-inflammatory properties in
addition to its antiproliferative effects [105-107]. Anti-inflammatory actions of MTX
is accomplished by inhibiting dihydrofolate reductase which eventually diminishes the
de novo synthesis of purines and pyrimidines and increases the catabolism of AMP and
adenosine to IMP and inosine. Increased catabolism leads to accumulation of adenos-
ine which confers anti-inflammatory effects of MTX [108].

4.2 Chemical structure of methotrexate

N

BN N
Kjr\l o /NI
l N g}-—~—g1 C—-Glu.

(2S)-2-[[4-[[2,4-bis (azanyl)pteridin-6-yl]methyl-methylamino] phenyl]carbon-
ylamino] pentanedioic acid.

NH,
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5. Clinical efficacy of methotrexate on psoriasis

Even though MTX has been used extensively for the treatment of psoriasis, so
far its efficacy has not been supported by any clinical datas. A non-randomized
controlled trial study done by our research team showed PASI 75 was achieved in 75%
of psoriasis patients after 7.5 mg of MTX orally per week for a period of 12 weeks.
PASI 75 is defined as a reduction from baseline PASI score of >75%. PASI 75 is used
as the benchmark of primary end points in assessing therapies for psoriasis. Patients
reaching PASI 75 represent very meaningful changes in psoriasis severity [109-112].
A randomized controlled clinical trial using 15 mg of MTX for 16 weeks in moderate
to severe plaque has showed 60% of patients achieved a PASI-75 response (no signifi-
cant difference, P = 0.29), [113, 114]. For safety consideration, MTX has found to be
administered along with 5 mg of folic acid to minimize the serious toxicity include
hematological disorder, hepatotoxicity and gastrointestinal toxicity, MTX has also
affect lymphocytes and also cause autoimmune reaction at extreme usage [115-117].
But, several studies has shown that 5-10 mg of MTX cause less side-effect on liver of

Before MITX Treatment After MTX Treatment

Figure 6.
Clinical efficacy of MTX on psoriatic patients.
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psoriasis patients [118-121]. However more than 15 mg will cause severe side effects
in psoriasis patients [121]. Clinical improvement of psoriatic patients before and after
treatment of 7.5 mg of MTX per week for 12 weeks were depicted in (Figure 6).

Overall, the clinical data from our research study and also from other clinical trial
has strongly supports that using low dose of MTX is well and safe for the treatment of
moderate to severe psoriasis patients, and also frequent expert supervision along with
laboratory monitoring is necessary.

6. Metabolic activity of methoxerate on psorisis

MTX mechanisms of action are likely to account for its antiproliferative and immu-
nosuppressive effects [122, 123]. The key feature of psoriasis is KC hyperproliferation.
MTX was found to induce maturation and inhibition of KC proliferation through its
metabolic action of kerationocyte. The putative effects of MTX are listed below:

1.Reduction of cell proliferation

2.Increase of apoptosis of T cells

3.Increase of endogenous adenosine release

4. Alteration of expression of cellular adhesion molecules and

5.Influence on production of cytokines, humoral responses, and bone formation.

6.1 Effect of methotrexate on T cells

Evidence supports that activated T cells are key players in the immunopathogenesis
of psoriasis. The following components involving T cells are considered crucial in
the pathogenesis of psoriasis. Activated endothelium of psoriatic skin has shown
adhesion molecules like E-selectin, CLA, ICAM-1 and ICAM-3, which promoted the
activation of KCs and T-cells in psoriasis. Study by Sigmundsdottir et al. showed that
treatment of 5-25 mg of MTX in 16 moderate to severe psoriasis patients has showed
decreased E-selectin and CLA expression in psoriatic skin. Thus, the downregula-
tion of peripheral Tcell-adhesion interaction by MTX in psoriasis patients implies
its therapeutic action on psoriatic skin lesion [124]. Invitro flowcytometric and
immunohistochemistry studies have shown that peripheral T cells were found to show
less interaction with CLA and ICAM-1 after MTX administration 10 M to 10~ M
for 5 days. Follow-up experiments revealed that MTX suppression of CLA expression
could be reversed by folinic acid (leucovorin) supplementation [123].

MTX has also target T cell by inducing cytolysis. Some studies has shown that MTX
induce Tcell apoptosis in more sensitive manner [125-127]. MTX may induce cell death
via free radical oxygen species. Phillips et al. [126] inhibited MTX induced T-cell death
with the addition of the antioxidant glutathione and its precursor, Nacetylcysteine.
Accumulating evidence suggests that MTX alters T-cell production of several cytokines,
including IL-1, IL-2, IL-4, IL-8, INF-y and TNF-a [128-131]. As a key element in pso-
riasis pathogenesis, the cytokine TNF-a was found at higher levels in psoriasis plaques
and the synovial fluid of patients with psoriatic arthritis [129, 132, 133]. Associations
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between MTX and TNF-« levels have been observed since the 1990s. Studies by Seitz
et al. [132], Neurath et al. [134] and Hildner et al. [135] found that MTX had reduced
TNF-a production in the peripheral blood mononuclear cells (PBMCs) of psoriasis
patients.

Action of MTX on reducing serum and synovial TNF-« has been widely established
in both Psoriasis and rheumatoid arthritis patients showed its immunomodulatory
effects [136-138]. Based on the stage and route of T-cell activation, it has been evident
that MTX inhibits T-cell TNF-a production [129, 130, 135]. These all findings suggest
that MTX can diminish TNF-a produced by activated T cells showed its immuno-
modulatory action.

6.2 Effects of methotrexate on endothelial cells

T-cell migration from the intravascular space into the dermis is a crucial step in
the pathogenesis of psoriasis, and this process is dependent on interactions between
endothelial cells and T cells. Endothelial expression of appropriate adhesion ligands
such as E-selectin and ICAM-1, are necessary for successful T-cell adhesion and
migration [124, 139]. Studies have shown that MTX treatment firmly decreased the
CLA, ICAM-1 and E-selectin expression in the endothelial cells [24].

Histologically, hypervascularity is noted in psoriatic skin, which contributes to the
grossly observed erythema. When used at the high dosages necessary for chemother-
apy, MTX is capable of inhibiting angiogenesis. MTX exerted its therapeutic effects
in psoriasis by inhibiting angiogenesis.In 2003 Yamasaki et al. [140] found that MTX
had an inhibitory effect on endothelial cell growth. Two years later, in 2005, Yazici

et al. [25] employed immunohistochemistry on lesional skin biopsies to study the
effects of MTX on angiogenesis, reporting a statistically significant decrease in the
endothelial marker CD31 after treatment with MTX.

Dendritic cells (DCs) are considered as a key player in the pathogenesis of psoriasis.
Interplay between DCs, T-cells and cytokine are main and complex in psoriasis. DCs are
well recognized has antigen-presenting cells (APC) in the skin. Any modulation in APC
interaction with other cells may significantly influence development of psoriatic lesions.
Many studies has showed that MTX showed its immunomodulatory effect by suppress-
ing APCs activity [141, 142]. Recently, the use of T-cell targeted therapy confirmed the
critical role of lymphocytes [143]. On the other hand, the clinical phenotype observed in
psoriasis is mostly accounted for by several alterations in epidermal KCs [144].

7. Action of methotrexate on activated KC-immunocyte cycle in psoriasis

The epidermis is a multilayered epithelium consisting mainly of proliferating and
differentiated, postmitotic KCs [145]. The latter derive from transit amplifying cells
originating from stem cells that represent a restricted number of basal KCs [146, 147]. The
proliferation and differentiation of epidermal KCs is regulated by a multitude of signaling
cascades and transcription factors including Wnt/b-catenin [148], growth factors of the
EGF and FGF family [149], TGF-p, members of the NFKB family [150], and c-Myc [151].

7.1 Activation and deactivation signals of KAC

In psoriasis, KCs undergo activation pathway. This activation process is governed
by growth factors and cytokines, such IL-1, TNF-a, IFN-y and TGF-§ [78].
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7.1.1 Interleukin-1

IL-1 is likely to be an important mediator in the initiation and maintenance of
psoriatic plaques and may represent an attractive therapeutic target [152].

7.1.1.1 Interleukin-1 alpha

Our studies in IL-1 a levels and its action in psoriasis had clearly showed that
IL-1 a level is reduced in psoriatic skin as well as in plasma [153], which was further
supported by several studies [154-157]. Mechanism behind this reduction is mainly
depend on the upstream level of nerve growth factor, a IL-1 a down-regulator
[158, 159] in psoriasis.

The second messenger cyclic adenosine monophosphate (cAMP) has been
regarded as a regulator for cell growth and proliferation [160]. The action of IL-1 «
is mainly depends on its phosphorylation by cyclic cAMP-dependent protein kinase.
Thus, phosphorylation converts it into active form and enhanced its susceptibility
to tryptic digestion, which may allow its release into the extracellular milieu [161].
Reduced cAMP levels has been reported in psoriasis [162]. This also could lead to
reduced IL-1 a levels in lesional skin biopsies.

Studies showed that MTX significantly increased IL-1 o levels in plasma and skin
biopsies of psoriasis patients. This may due to increase in the levels of cAMP by MTX
through adenosine release [153, 163] and that led to an increase in IL-1 « level.

7.1.1.2 Interleukin-1 beta and caspase-1

Many studies have reported the importance of IL-1 § and caspase-1 (IL-1
converting enzyme) in pathogenesis of psoriasis [153, 156, 157, 164]. Increased
expression of IL-1 B in psoriatic epidermal cells, related to the activated
KC-immunocyte in psoriasis. Psoriatic plaques express increased IL-1 f mRNA
relative to non-lesional skin [161]. IL-1 p has been shown to induce the expres-
sion of adhesion molecules on various cell types and contributes to inflammatory
responses. Activation of ERK, JNK, AP-1, and NF«B are leads to IL-1 p-induced
ICAM-1 expression and leukocyte adhesion [165], thereby increase in ICAM-1
cause hyperproliferation of KC in psoriasis.

Normal KCs do not contain a biologically active form of caspases-1 [166], whereas
in psoriatic epidermis, caspase-5 act as an upstream activator of caspase-1 [167].
Caspase-5 mRNA is induced by IFN-y in vitro in both KCs and PBMCs and that this
induction is most likely mediated through the NFxB pathway [168].

Mizutani et al. [169] found that IL-1 f levels in PBMC of psoriatic patients were
decreased after 2 weeks of MTX treatment, due to suppression of KC paracrine sys-
tem by MTX. Also, MTX effectively reduced IL-1 § levels in plasma and skin biopsies
of psoriasis patients [153]. There are two possible mechanism of MTX decrease IL-1 8
is elucidated above. One is direct mechanism and another one is indirect mechanism.
The direct mechanism is as follows: MTX treatment inhibits the enzyme5-aminoimid-
azole-4-carboxamide ribonucleotide (AICAR) transformylase (ATIC), which leads
to accumulation of the substrate AICAR. The increased AICAR inhibit the enzymes,
AMP deaminase and adenosine deaminase, which are essential for the catabolism of
AMP and adenosine. This inhibitory action eventually increased adenosine in circula-
tion. Thus, increased extracellular adenosine firmly increased cAMP in skin which
finally inhibits the production of proinflammatory cytokine IL-1 f [163].
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The indirect mechanism of MTX on reducing IL-1 p levels in psoriasis is mainly
depend on reduction of infiltration of lymphocytes and monocytes in psoriatic
dermis [162, 170]. MTX also decreased g the circulating and systemic levels of IL-1
B, by blocking the binding of IL-1 p to its respective receptor on monocytes, lym-
phocytes and granulocytes [171]. Studies have shown that IL-1 « down-regulates IL-1
p via prostaglandin E, synthesis [172]. Therefore increase in IL-1 a levels by MTX,
definitely downregulates IL-1 p by above said mechanisms. Another mechanisms of
MTX reduced IL-1 B, its action on caspase-1 expression in lesional skin biopsy. This
may due to IFN-y reduction by MTX [173, 174], which leads to decrease in caspase-5
expression that causes reduction in caspase-1 expression.

7.1.2 Tumor necvosis factor alpha

TNF-a is a pivotal proinflammatory cytokine of the innate immune response and
a key for skin inflammation [175]. TNF-a induce the expression of adhesion molecule
ICAM-1 on KC through the mediation of p55 and ICAM-1 induces the infiltration of
MNCs in the dermis, which promotes the development and progression of psoriasis
vulgaris [176]. Thereby it causes hyperproliferation in psoriasis.

Many studies have shown that plasma concentration of TNF-a was significantly
higher in psoriatic patients compared to the control group [35, 177, 178]. Johansen
[179] showed increased TNF-a protein expression, but similar TNF-a mRNA levels,
in lesional compared with nonlesional psoriatic skin, this results showed that TNF-a
is regulated posttranscriptionally. Increased activation of MAPK-activated protein
kinase 2 (MK2) is responsible for the elevated and posttranscriptionally regulated
TNF-a protein expression in psoriatic skin. IL-1 p also amplified TNF-a protein
expression by causing activation of p38 MAPK and MK2.

Action of MTX to overwhelm TNF activity is by suppressing TNF-induced nuclear
factor-kB activation in vitro, in part related to a reduction in the degradation and
inactivation of an inhibitor of this factor, IkBa, and probably related to the release of
adenosine [180]. Gerards et al. [130] showed that Adenosine or adenosine receptor
agonists inhibit production of TNF-a. MTX reduces TNF-a level and also reduces
the adhesion molecules like E-selctin and ICAM-1, thereby it reduces TNF-a induced
hyperproliferation in psoriasis. Decrease in TNF-a by MTX shows its anti-prolifera-
tive and anti-inflammatory effects.

7.1.3 Interferon-y

IFN-y is believed to be an important mediator in psoriasis. Accumulated evidence
from both in vivo and in vitro studies show that IFN-y is a critical element in the
induction of KC hyperproliferation in psoriasis [172, 181]. Abdallah et al. [182]
showed that serum IFN-y is a psoriasis severity and prognostic marker.

Some authors showed that serum IFN-y levels in psoriatic patients were 15-fold
and in blister fluid 17-fold higher than those in the control group. They correlated
with the clinical severity of psoriasis expressed as PASI score [183-186]. In lesional
skin, expression of IFN-y is induced by some cytokines like IL-12, IL-18, and IL-23
are termed as IFN-y stimulator [187]. Apart from above said stimulator, IL-7 also indi-
rectly increased IFN-y levels in both the psoriatic skin and serum of psoriatic patients.
Inflammatory mediator IL-7 interact with both IL-2 and IL-12, which indirectly
induced the synthesis of IFN-y in psoriatic skin [188].
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MTX treatment effectively reduced IFN-y levels in serum and skin biopsy of
psoriatic patients. This may due to the action of MTX on reducing serum IL-7 levels
and is found to correlate with disease in RA patients [20]. Similar to this result, stud-
ies have shown that MTX decreases the expression of IFN-y in RA patients [135, 136].
Adenosine or adenosine receptor agonists inhibit production of IFN-y [130]. In 1990,
Nesher and Moore [189] proposed that MTX might inhibit polyamine synthesis in
monocytes, thereby polyamines failed to restore IFN-y production.

As we discussed earlier in this chapter about the MTX action on T cell cytolysis, the
same concept is applicable in this mechanism. The primary source of activated T cell
is IFN-y [127]. MTX induce the cytolysis of activated T-cell which directly reduced the
IFN-y in psoriasis. Invitro studies showed that inhibition of NF«B led to the complete
blockade of extracellular IL-17A, IL-22, IFN-y, and TNF-a production in CD4+ cells
[190]. It is well known that MTX directly inhibit NFkB [191]. Thus, MTX declines IFN-y
levels by inhibiting NF«B in psoriatic skin which control the hyperproliferation of KCs.

7.1.4 Transforming growth factor-p1

In the skin, TGF-p has been found to inhibit the growth of KCs but stimulate the
growth of fibroblasts [192]. Plasma TGF-p1 is considered as a biomarker of psoriasis
activity and treatment efficacy [193].

Gene and protein expression of TGF-f1 in lesional skin biopsies was found to be
reduced compared to nonlesional skin biopsies [35, 97, 193]. Reduction in TGF-p1
in psoriasis may be due to increase in activated Akt levels. Activated Akt inhibit the
phosphorylation of Smad2/3, is essential for TGF-p1 production [194, 195]. IFN-y and
NF-kappaB induces the expression of Smad7, an antagonistic Smad, which prevents
the interaction of Smad3 with the TGF-p receptor [196, 197] leading to TGF-f1
production. Other factors that can suppress TGF-p1 productions are Thl cytokines
like TNF-a, IL-1, IL-6 [196]. All these factors could have lead to reduction in TGF-p1
levels in psoriasis. Reduction in TGF-f1 leads to increase in proliferation of KCs in
psoriasis. Adhesiveness of T lymphocytes to dermal microvascular endothelial cells
can be blocked by TGF-p1, so reduction of its expression and function may contribute
to lymphocyte infiltration into psoriatic plaques [198].

MTX treatment causes overexpression of protein and mRNA level of TGF-f1 in
lesional skin biopsy. Possible mechanism of MTX is accompanied by decreasing Ras
methylation in psoriasis. This hypomethylation is accompanied by a mislocalization
of Ras to the cytosol and a 4-fold decrease in the activation of Akt [199]. Decrease
in Akt may lead to Smad 3 activation, which in turn increase TGF-f1 expression.

Also MTX reduces Thl cytokines like IL-1, IFN-y, TNF-a, IL-6 [111, 135, 136, 188]
which may lead to increase in TGF-f1 expression. Increase in TGF-f1 expression
induced inhibition of KCs and is characterized by reversible retention of prolifera-
tion, or stopping of cell division cycle in the G1 phase [96]. Moreover, TGF-f causes
transcriptional induction of K5 and K14 keratin genes [81]. Thus, TGF-p promotes the
basal cell phenotype in stratified epithelia such as the epidermis, and that the effects
of TGF-f are not anti-proliferative, but merely anti-hyperproliferative [78].

7.2 Keratin changes in psoriatic skin after MTX action

The pathogenesis of psoriasis is mainly depend on KCs and immune cells interaction.
These interaction causes changes in the epidermal layers which destined the healthy skin
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to lesional psoriatic skin is critical one. Due to the epidermal change, acanthosis is caused
by disruption in the transition of KC to anucleate corneocytes. This disrupts transition
leads to hyperproliferation and immatured differentiation of KC in psoriasis. Thus, an
alternate or regenerative pathway is activated by abnormal immune response along with
abnormal keratins in psoriatic epidermis [200].

7.2.1 Keratin 14

K14 is an important IF expressed in the basal KCs which decide the fate of epi-
dermis by protecting it from any mechanical or chemical disturbances. Normallay,
basal layer contains epidermal stem cells and TA cells that proliferate into KCs. The
epidermal stem cells and TA cells expressed keratin K5/K14 which destined the cells to
proliferate into KC [32].

In psoriatic skin biopsy, K14 expression was considerably higher than in normal
epidermis [33-35]. However, MTX reduced the expressions of K14 in lesional skin
biopies by increasing Phosphorylated form of p53 expression [201]. Studies have
shown that p53 enhance the notch signaling [202], which leads to modulation and
normalization of K14 expression to K10 differentiation marker. Thus, decrease in K14
expression leads to reduction in cell proliferation, decrease in phospho-Akt levels,
increase in activated Notch1 levels, and increase in levels of KC differentiation mark-
ers [39] and also increased in p21 and p27 levels, which are known to be direct targets
of Notch1 signals. Activation of p21 and p27 leads to cell cycle arrest [191, 203] which
leads to inhibition of hyperproliferating KCs in psoriasis.

7.2.2 Keratin 10

When mitotically active basal epidermal KCs withdrawn from the cell cycle are
committed to terminal differentiation, they switch off K14 expression and induce the
expression of K10 [27]. K10 are the major structural proteins of the epidermis and belong
to the large family of IF proteins [29, 41, 42]. K10 is also involved in the control of cell
proliferation [43]. Decreased K10 protein and gene expression were observed in lesional
psoriatic skin biospies [33-35]. Subsequently, hyperproliferation of KCs in psoriasis is
mainly depend on the expression of K10. The possible mechanism is as follows, decrease
in differentiation marker K10 leads to increased phosphorylation of Rb protein, which
leads to increased epidermal cell cycle proteins, Cyclin D and E. The increased epidermal
cell cycle proteins activate the phosphorylation of antiapoptotic protein Akt. Thus activa-
tion of Akt by decreased K10 leads to hyperproliferation of KCs in psoriasis [52].

E-cadherin is specific markers expressed in the endothelial cells are important for
differentiation process. MTX promptly increased E-cadherin expression [201] which
deliberately causes extracellular calcium concentration-dependent KC differentiation
by increasing K10 in psoriatic skin. IL-22 which is considered to have an inhibitory
effect on the expression of K10 [205], is reduced by MTX in psoriasis patients [206].
Also MTX increase c-fos expression which activate AP-1 transcription factor regulates
K10 expression [207]. Thus MTX action on K10 expression proves the controlled
differentiation in psoriatic KC.

The main therapeutic action of MTX is inhibiting DNA methylation by interfer-
ing folate metabolism [207]. Studies have shown that inhibition of DNA methylation
directly increased transcription of K10 gene [208]. This shows the therapeutic action
of MTX on psoriatic skin.
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7.2.3 Kevatin 16

Keratin 16 expressions, reduces the fraction of cells in G1 while increasing that in S
phase [53]. Many authors also shown an upregulation of K6 and K16 [33-35] in psori-
atic epidermis. Action of MTX on reducing Keratin 16 protein and mRNA expression
in lesional skin biopsies is interesting. Ras signaling is also induces K16 in psoriasis.
The action of MTX in decreasing K16 level is depends on the enzyme isoprenylcyste-
ine carboxyl methyltransferase (Icmt). Inhibition of Icmt by MTX, indicates the link
between antifolates and Ras. Icmt inhibition leads to decrease in carboxyl methylation
of Ras [199], which induces EGF. Induced EGF directly decreased K16 expression.
Overall mechanism indicates the action of MTX on K16 reduction. Apart from this,
MTX also inhibits the IL-1, TNF-a levels [135, 153, 169], which also might leads to
decrease in K16 expression in psoriasis. All these leads to inhibition of cell prolifera-
tion in psoriasis. Decrease in Keratin 16 by MTX indicates the strong anti-proliferative
effect of MTX.

7.2.4 Kevatin K17

Keratin K17, the myoepithelial keratin, which is not expressed in normal skin except
for hair follicles, sweat and sebaceous glands and basal cells of the interfollicular epider-
mis in the scalp, is over-expressed in psoriatic epidermis [209, 210]. Keratin 17 is consid-
ered as a therapeutic target and marker of anti-psoriatic therapies used for the treatment
of psoriasis [63, 64].

MTX substantially reduced abnormal K17 protein and gene expression in psoriasis
by reducing circulatory inflammatory mediators like IL-22 [205] and IL-6 levels [111]
in psoriasis patients. Many studies in Rheumatoid Arthritis patients showed that the
production of IL-17 at the mRNA level and IFN-y were reduced after MTX treatment
[35, 135, 211]. Altogether MTX reduces K17 expression by decreasing IFN-y induc-
ers. Decrease in Keratin 17 by MTX indicates its therapeutic efficacy which helps to
maintain the normal phenotype in KC.

8. Conclusion

When we put all these data and review together, we attain at a consistent outline for
the action of keratins, growth factors and cytokines in psoriasis. MTX has been used
as a effective agent in the treatment of psoriasis from the decades of 1960s. But still its
mechanisms of clearing psoriatic remains ill-defined. In conclusion, we strongly thought
that MTX inhibits the hyperproliferation of KCs by decreasing the levels of IL-1 and cas-
pases-1 (activating signals), TNF-a, IFN-y and by increasing deactivation signal through
various effective pathway. Also it efficiently regulate abnormal keratins by upregulating
K10 and downregulating K14, K16 and K17, thereby maintaining the normal phenotype
in KC (Figure 7). Mutation in keratins filaments were also observed in psoriasis [31].
Thereby, understanding keratin functions and related regulatory mechanisms will help
to design new therapeutic interventions for keratin-related skin diseases. We strongly
concluded that MTX roles on controlling the KC-immunocyte cycle by activating impor-
tant keratins and deactivating abnormal kertains showed its well-organized therapeutic
effect in psoriasis patients.
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Figure 7.
Effect of MTX on KC activation cycle. MTX normalizing or reversing the phenotype of psoriatic KC but alteving

the inflammatory mediators as well as keratin proteins in KCs. Symbol 1 indicates increase in psoriasis;
symbol \ indicates decrease in psoriasis.
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Abbreviation

KAC  keratinocyte activation cycle
KC keratinocyte

IL interleukin

MTX methotrexate

TNF  tumor necrosis factor

IFN interferon

TGF  transforming growth factor
Ki4 keratin 14

K10 keratin 10

K16 Keratin 16

K17 keratin 17

120



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis
DOI: http://dx.doi.org/10.5772/intechopen.102811

Author details

Tamilselvi Elango"**, Anburaj Jeyaraj*?, Haripriya Dayalan®*, Pushpa Gnanaraj’,
Xinghui Li* and Xuejun Zhang™*

1 Institute and Department of Dermatology, The First Affiliated Hospital, Anhui
Medical University, Hefei, China

2 Tea Research Institute, College of Horticulture, Nanjing Agricultural University,
Nanjing, China

3 Department of Biotechnology, Karpagam Academy of Higher Education,
Tamilnadu, India

4 Department of Biotechnology, Rajalakshmi Engineering College,
Chennai, Tamilnadu, India

5 Department of Dermatology, Apollo Speciality Hospitals, Tamilnadu, India

*Address all correspondence to: tami24684@gmail.com, Ixh@njau.edu.cn
and ayzxj@vip.sina.com

IntechOpen

© 2022 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.

121



Psoriasis - New Research

References

[1] Van Onselen J. Psoriasis in
general practice. Nursing Standard.
1998;12:32-33

[2] Ortonne JP. Etiology and pathogenesis
of psoriasis. The British Journal of
Dermatology. 1996;135(49S):1-5

[3] Zenz R, Eferl R, Kenner L, et al.
Psoriasis-like skin disease and arthritis
caused by inducible epidermal
deletion of Jun proteins. Nature.
2005;437(7057):369-375

[4] Nickoloff BJ, Nestle FO. Recent
insights into the immunopathogenesis
of psoriasis provide new therapeutic
opportunities. Journal of Clinical
Investigation. 2004;113(12):1664-1675

[5] Hussein MR, Al-Badaiwy ZH,
Guirguis MN. Analysis of p53 and
bcl-2 protein expression in the non-
tumorigenic, pre-tumorigenic and
tumorigenic keratinocyte hyper

proliferative lesions. Journal of Cutaneous
Pathology. 2004;31(10):643-651

[6] Gottlieb AB. Infliximab for psoriasis.
Journal of the American Academy of
Dermatology. 2003;49 (Suppl. 2):5112-S117

[7] Carlen LM et al. Proteome analysis
of skin distinguishes acute guttate
from chronic plaque psoriasis.
Journal of Investigative Dermatology.
2005;124(1):63-69

[8] Zhou X et al. Novel mechanisms
of T-cell and dendritic cell activation
revealed by profiling of psoriasis on
the 63,100-element oligonucleotide
array. Physiological Genomics.
2003;13(1):69-78

[9] Waikel RL, Kawachi Y, Waikel PA.
Deregulated expression of c-Myc depletes

122

epidermal stem cells. Nature Genetics.
2001;28:165-168

[10] Zibert JR, Lovendorf MB, Litman T,
et al. MicroRNAs and potential target
interactions in psoriasis. Journal of
Dermatological Science. 2010;58:177-185

[11] Pasquinelli AE. NON-CODING

RNA MicroRNAs and their targets:
Recognition, regulation and an emerging
reciprocal relationship. Nature Reviews.
Genetics. 2012;13:271-282

[12] Selbach M, Schwanhausser B,
Thierfelder N, et al. Widespread
changes in protein synthesis induced by
microRNAs. Nature. 2008;455:58-63

[13] Coronnello C, Benos PV. ComiR:
Combinatorial microRNA target
prediction tool. Nucleic Acids Research.
2013;41:W159-W164

[14] Lindsay MA. microRNAs and
the immune response. Trends in
Immunology. 2008;29:343-351

[15] Baumjohann D, Ansel KM.
MicroRNA-mediated regulation of

T helper cell differentiation and
plasticity. Nature Reviews Immunology.
2013;13:666-678

[16] Ichihara A, Jinnin M, Yamane K,

et al. microRNA-mediated keratinocyte
hyperproliferation in psoriasis vulgaris.
The British Journal of Dermatology.
2011;165:1003-1010

[17] de Cid R, Riveira-MunozE,

Zeeuwen PL, et al. Deletion of the late
cornified envelope LCE3B and LCE3C
genes as a susceptibility factor for psoriasis.
Nature Genetics. 2009;41(2):211-215

(18] Zhang X]J, Huang W, Yang S, et al.
Psoriasis genome-wide association



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

study identifies susceptibility variants
within LCE gene cluster at 1q21. Nature
Genetics. 2009;41(2):205-210

[19] Lane EB, McLean WH. Keratins and
skin disorders. Journal of Pathology.
2004;204(4):355-366

[20] Herman S, Zurgil N, Langevitz P,

et al. Methotrexate selectively modulates
TH1/TH?2 balance in active rheumatoid
arthritis patients. Clinical and
Experimental Rheumatology.
2008;26:317-323

[21] Bonish B, Jullien D, Dutronc, et al.
Overexpression of CD1d by keratinocytes
in psoriasis and CD1d-dependent IFN-
gamma production by NK-T cells. Journal
of Immunology. 2000;165(7):4076-4085

[22] Sigmundsdéttir H, Gudjénsson JE,
Jonsdéttir I, Ladviksson BR,

Valdimarsson H. The frequency of CLA+
CD8+ T cells in the blood of psoriasis
patients correlates closely with the severity
of their disease. Clinical and Experimental
Immunology. 2001;126(2):365-369

[23] Saleh A, Abubhilal M, Cheung B.
Methotrexate in psoriasis: From A to
Z. Journal of the Turkish Academy of
Dermatology. 2010;4:04101r

[24] Dahlman-Ghozlan K, Ortonne JP,
Heilborn JD, Stephansson E. Altered
tissue expression pattern of cell adhesion
molecules, ICAM-1, E-selectin and
VCAM-1, in bullous pemphigoid during
methotrexate therapy. Experimental
Dermatology. 2004;13(2):65-69

[25] Yazici AC, Tursen U, Apa DD, et al.
The changes in expression of ICAM-3,
Ki-67, PCNA, and CD31 in psoriatic
lesions before and after methotrexate

treatment. Archives of Dermatological
Research. 2005;297(6):249-255

[26] Johnston A, Gudjonsson JE,
Sigmundsdottir H, et al. The

123

anti-inflammatory action of
methotrexate is not mediated by
lymphocyte apoptosis, but by the
suppression of activation and adhesion
molecules. Clinical Immunology.
2005;114(2):154-163

[27] Fuchs E, Green H. Changes in
keratin gene expression during terminal
differentiation of the keratinocyte. Cell.
1980;19:1033-1042

[28] Moll R, Moll I, Franke WW.
Differences of expression of cytokeratin
polypeptides in various epithelial skin

tumors. Archives of Dermatological
Research. 1984;276(6):349-363

[29] Hesse M, Magin TM, Weber K. Genes
for intermediate filament proteins and
the draft sequence of the human genome:
Novel keratin genes and a surprisingly
high number of pseudogenes related to
keratin genes 8 and 18. Journal of Cell
Science. 2001;114:2569-2575

[30] Machesney M, Tidman N,

Waseem A, et al. Activated keratinocytes
in the epidermis of hypertrophic scars.
The American Journal of Pathology.
1998;152(5):1133-1141

[31] Elango T, SunJ, Zhu C, et al.
Mutational analysis of epidermal and
hyperproliferative type I keratins in mild
and moderate psoriasis vulgaris patients:
A possible role in the pathogenesis of
psoriasis along with disease severity.
Human Genomics. 2018;12(1):27

[32] Coulombe PA, Kopan R,

Fuchs E. Expression of keratin K14

in the epidermis and hair follicle:
Insights into complex programs of
differentiation. Journal of Cell Biology.
1989;109:2295-2312

[33] Castelijns FA, Gerritsen MJ, van
Vlijmen-Willems IM, et al. Proliferation
is the main epidermal target in the



Psoriasis - New Research

treatment of psoriatic plaques with
once daily application of tacalcitol
ointment. Acta Dermato-Venereologica.
1999;79(2):111-114

[34] Thewes M, Stadler R, Korge B,
Mischke D. Normal psoriatic epidermis
expression of hyperproliferation-associated

keratins. Archives of Dermatological
Research. 1991;283(7):465-471

(35] Elango T, Thirupathi A,
Subramanian S, Dayalan H, Gnanaraj P.
Methotrexate normalized keratinocyte
activation cycle by overturning
abnormal keratins as well as deregulated
inflammatory mediators in psoriatic
patients. Clinica Chimica Acta.
2015;451(Pt B):329-337

[36] Cai BH, Hsu PC, Hsin IL, et al. p53
acts as a co-repressor to regulate keratin
14 expression during epidermal cell.
PLoS One. 2012;7(7):e41742

[37] Xiaolian G, Elisabet N, Philip JC.
Effect of narrow-band ultraviolet B
phototherapy on p63 and microRNA
(miR-21 and miR-125b) expression
in psoriatic epidermis. Acta Dermato-
Venereologica. 2011;91:392-397(6)

[38] Thélu J, Rossio P, Favier B. Notch
signaling is linked to epidermal cell
differentiation level in basal cell
carcinoma, psoriasis and wound healing.
BMC Dermatology. 2002;2:7

[39] Alam H, Sehgal L, Kundu ST, et al.
Novel function of keratins 5 and 14

in proliferation and differentiation

of stratified epithelial cells.

Molecular Biology of the Cell.
2011;22(21):4068-4078

[40] Truzzi F, Marconi A, Atzei P, et al.
P75 neurotrophin receptor mediates
apoptosis in transit-amplifying cells and
its overexpression restores cell death in
psoriatic keratinocytes. Cell Death and
Differentiation. 2011;18(6):948-958

124

[41] Herrmann H, Hesse M,

Reichenzeller M, Aebi U, Magin TM.
Functional complexity of intermediate
filament cytoskeletons: From structure to
assembly to gene ablation. International
Review of Cytology. 2003;223:83-175

[42] Hesse M, Zimek A, Weber K,
Magin TM. Comprehensive analysis
of keratin gene clusters in humans
and rodents. European Journal of Cell
Biology. 2004;83:19-26

[43] Reichelt ], Furstenberger G,
Magin TM. Loss of keratin 10 leads
to mitogen-activated protein kinase
(MAPK) activation, increased
keratinocyte turnover, and decreased
tumor formation in mice. Journal

of Investigative Dermatology.

2004;123(5):973-981

[44] Li ZX, Ji FP, Peng ZH, Wang K.
Expression of E-cadherin, beta-catenin
and cyclin D1 in epidermal skin lesions
of patients with active psoriasis vulgaris.
Nan Fang Yi Ke Da Xue Xue Bao.
2008;28(4):545-547

[45] Boniface K, Bernard FX,

Garcia M, et al. IL-22 inhibits epidermal
differentiation and induces
proinflammatory gene expression

and migration of human

keratinocytes. Journal of Immunology.
2005;174(6):3695-3702

[46] Wolk K, Witte E, Wallace E, et al.
IL-22 regulates the expression of
genes responsible for antimicrobial
defense, cellular differentiation, and
mobility in keratinocytes: A potential

role in psoriasis. European Journal of
Immunology. 2006;36(5):1309-1323

[47] Sa SM, Valdez PA, Wu J, et al. The
effects of IL-20 subfamily cytokines
on reconstituted human epidermis
suggest potential roles in cutaneous
innate defense and pathogenic adaptive



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

immunity in psoriasis. Immunology.
2007;178:2229-2240

[48] Nograles KE, Zaba LC,
Guttman-Yassky E, et al. Th17 cytokines
interleukin (IL)-17 and IL-22 modulate
distinct inflammatory and keratinocyte-

response pathways. The British Journal of
Dermatology. 2008;159(5):1092-1102

[49] Johansen C, Kragballe K, Henningsen J,
etal. 1a,25-dihydroxyvitamin D3 stimulates
activator protein 1 DNA-binding activity
by a phosphoinositol 3-kinase/Ras/
MEK/extracellular signal regulated

kinase 1/2 and c-jun N-terminal kinase
1-dependent increase in cfos,fral, and
c-jun expression in human keratinocytes.
Journal of Investigative Dermatology.
2003;120:561-570

[50] Schmuth M, Elias PM, Hanley K,
et al. The effect of LXR activators on
AP-1 proteins in keratinocytes.

Journal of Investigative Dermatology.
2004;123:41-48

[51] Eckert RL, Crish JF, Efimova T, et al.
Regulation of involucrin gene expression.
Journal of Investigative Dermatology.
2004;123:13-22

[52] Basset-Seguin N, Escot C, Moles JP,
et al. C-fos and c-jun proto-oncogene
expression is decreased in psoriasis:
An in situ quantitative analysis.
Journal of Investigative Dermatology.
1991;97:672-678

[53] Paramio JM, Casanova ML,
Segrelles C, et al. Modulation of cell
proliferation by cytokeratins K10 and
K16. Molecular and Cellular Biology.
1999;19(4):3086-3094

[54] Komine M, Rao LS, Kaneko T,

et al. Inflammatory vs. proliferative
processes in the epidermis: Tumor
necrosis factor alpha induces Kéb keratin
synthesis through a transcriptional

125

complex containing NFkB and C/
EBPb. Journal of Biological Chemistry.
2000;275:32077-32088

[55] van de Kerkhof PCM, Jorn
Bovenschen H, et al. In vivo effects of
topical anti-psoriatic treatments on
cutaneous inflammation, epidermal
proliferation and keratinisation. Current
Drug Therapy. 2007;2:21-26

[56] Reichelt J, Magin TM.
Hyperproliferation, induction of c-Myc
and 14-3-3c, but no cell fragility in
keratin-10-null mice. Journal of Cell
Science. 2002;115:2639-2650

[57] Kupper TS. The activated
keratinocyte: A model for inducible
cytokine production by non-bone
marrow-derived cells in cutaneous
inflammatory and immune responses.

Journal of Investigative Dermatology.
1990;94:146S-150S

[58] Barker JN, MacDonald DM.
Cutaneous lymphocyte trafficking in the
inflammatory dermatoses. British Journal
of Dermatology. 1992;126:211-215

[59] Pittelkow MR, Lindquist PB,
Abraham RT, et al. Induction of
transforming growth factor-alpha
expression in human keratinocytes
by phorbol ester. Journal of Biological
Chemistry. 1989;264:5164-5171

[60] Jiang CK, Magnaldo T, Ohtsuki M,

et al. Epidermal growth factor and
transforming growth factor alpha
specifically induce the activation- and
hyperproliferation associated keratins

6 and 16. Proceedings of the National
Academy of Sciences. 1993;90:6786-6790

[61] Komine M, Rao LS, Freedberg IM,
et al. Interleukin-1 induces transcription
of keratin K6 in human epidermal

keratinocytes. Journal of Investigative
Dermatology. 2001;116:330-338



Psoriasis - New Research

[62] Wang YN, Chang WC. E Induction
of disease-associated keratin 16 gene
expression by epidermal growth factor
is regulated through cooperation of
transcription factors Spl and c-Jun.

Journal of Biological Chemistry.
2003;278(46):45848-45857

[63] de Jong EMG]J, van Vlijmen IMM],
et al. Keratin 17: A useful marker in
anti-psoriatic therapies. Archives

of Dermatological Research.
1991;283(7):480-482

[64] Vogel U, Denecke B, Sergey M,

et al. Transcriptional activation of
psoriasis-associated cytokeratin K17 by
interferon-y Analysis of y-interferon
activation sites. European Journal of
Biochemistry. 1995;227:143-149

[65] de Jong EMG, Ferrier CM, de
Zwart A, et al. Effects of topical
treatment with budesonide on
parameters for epidermal proliferation,
keratinization and inflammation in

psoriasis. Journal of Dermatological
Science. 1995;9:185-194

[66] Baker BS, Swain AF, Fry L,
Valdmarsson H. Epidermal T
lymphocytes and HLA-DR expression in
psoriasis. British Journal of Dermatology.
1984;110:555-564

[67] Jiang CK, Flanagan S, Ohtsuki M,
et al. Disease-activated transcription
factor: Allergic reactions in human skin
cause nuclear translocation of stat-91
and induce synthesis of keratin K17
molecular effects of T lymphocytes on
the regulation of keratin gene expression.
A cluster of five nuclear proteins
regulates keratin gene transcription.
Molecular and Cellular Biology.
1994;14(7):4759-4769

[68] Zhang W, Dang E, Shi X, Jin L,
Feng Z, et al. The pro-inflammatory
cytokine IL-22 up-regulates Keratin 17

126

expression in keratinocytes via STAT3
and ERK1/2. PLoS One. 2012;7(7):e40797

[69] Komine M, Freedberg IM,
Blumenberg M. Regulation of epidermal
expression of keratin K17 in
inflammatory skin diseases. Journal

of Investigative Dermatology.

1996;107(4):569-575

[70] Hennings H, Michael D,
Cheng C. Calcium regulation of growth
and differentiation of mouse

epidermal cells in culture. Cell.
1980;19(1):245-254

[71] Fuchs E, Green H. Regulation of
terminal differentiation of cultured

human keratinocytes by vitamin A. Cell.
1981;25(3):617-625

[72] Hosomi J, Hosoi ], Abe E, et al.
Regulation of terminal differentiation
of cultured mouse epidermal cells

by 1 alpha,25-dihydroxyvitamin D3.
Endocrinology. 1983;113(6):1950-1957

[73] Parkinson EK, Pera MF,

Emmerson A. “Differential effects

of complete and second-stage tumor
promoters in normal but not transformed
human and mouse keratinocytes,”
Carcinogenesis. 1984;5(8):1071-1077

[74] Eckert RL, Crish JF, Robinson NA.
The epidermal keratinocyte as a model
for the study of gene regulation and cell
differentiation. Physiological Reviews.
1997;77(2):397-424

[75] Darmon M, Blumenberg ML.
Molecular Biology of the Skin: The
Keratinocyte. San Diego: Academic
Press; 1993

[76] Nickoloff BJ, Turka LA.
Keratinocytes: Key immunocytes of the
integument. The American Journal of
Pathology. 1993;143(2):325-331



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

[77] Tomic-Canic M, Komine M,
Freedberg IM, et al. Epidermal signal
transduction and transcription factor
activation in activated keratinocytes.
Journal of Dermatological Science.
1998;17(3):167-181

[78] Freedberg IM, Tomic-Canic M,
Komine M, et al. Keratins and the
keratinocyte activation cycle. Journal

of Investigative Dermatology.
2001;116(5):633-640

[791 Ma S, Rao L, Freedberg IM,
Blumenberg M. Transcriptional control
of K5, K6, K14, and K17 keratin genes by
AP-1 and NF-kappaB family members.
Gene Expression. 1997;6(6):361-370

[80] Jiang CK, Flanagan S, Ohtsuki M.
Disease-activated transcription factor:
Allergic reactions in human skin

cause nuclear translocation of STAT-
91 and induce synthesis of keratin

K17. Molecular and Cellular Biology.
1994;14(7):4759-4769

[81] Jiang CK, Tomic-Canic M, Lucas D],
et al. TGF beta promotes the basal
phenotype of epidermal keratinocytes:
Transcriptional induction of K#5 and
K#14 keratin genes. Growth Factors.
1995;12(2):87-97

[82] Zepter K, Haffner A, De Soohoo LF,
et al. Induction of biologically active
IL-1 beta converting enzyme and mature
IL-1 beta in human keratinocytes

by inflammatory and immunologic

stimuli. Journal of Immunology.
1997;159(12):6203-6208

[83] Corsini E, Primavera A,
Marinovich M, Galli CL. Selective
induction of cell associated interleukin-
lalpha in murine keratinocytes by
chemical allergens. Toxicology.
1998;129(2-3):193-200

[84] Murphy JE, Robert C, Kupper TS.
Interleukin-1 and cutaneous

127

inflammation: A crucial link between
innate and acquired immunity.
Journal of Investigative Dermatology.
2000;114(3):602-608

[85] Romero LI, Zhang DN, Herron GS,
Karasek MA. Interleukin-1 induces
major phenotypic changes in human skin

microvascular endothelial cells. Journal
of Cellular Physiology. 1997;173(1):84-92

[86] Wyble CW, Hynes KL, Kuchibhotla ],
et al. TNF alpha and IL-1 upregulate
membrane-bound and soluble E-selectin

through a common pathway. Journal of
Surgical Research. 1997;73(2):107-112

[87] Santamaria Babi LF, Moser R, Perez
Soler MT. Migration of skin-homing

T cells across cytokine-activated

human endothelial cell layers involves
interaction of the cutaneous lymphocyte-
associated antigen (CLA), the very late
antigen-4 (VLA-4), and the lymphocyte
function associated antigen-1

(LFA-1). Journal of Immunology.
1995;154(4):1543-1550

[88] Maas-Szabowski N, Fusenig NE.
Interleukin-1-induced growth factor
expression in postmitotic and resting

fibroblasts. Journal of Investigative
Dermatology. 1996;107 (6):849-855

[89] Kolde G, Schulze-Osthoff K,
Meyer H, et al. Immunohistological
and immunoelectron microscopic
identification of TNF alpha in normal
human and murine epidermis.

Archives of Dermatological Research.
1992;284(3):154-158

[90] Griffiths TW, Griffiths CE,

Voorhees JJ. Immunopathogenesis

and immunotherapy of psoriasis.
Dermatologic Clinics. 1995;13(4):739-749

[91] Nickoloff BJ, Griffiths CE,
Barker JN. The role of adhesion molecules,
chemotactic factors, and cytokines in



Psoriasis - New Research

inflammatory and neoplastic skin disease.
Journal of Investigative Dermatology.
1990;94(Suppl. 6):151S-157S

[92] Kupper TS. Role of epidermal
cytokines. In: Oppenheim JJ,

Shevach EM, editors. Immunophysiology.

The Role of Cells and Cytokines in
Immunity and Inflammation. London
and New York: Oxford University Press;
1990. pp. 285-305

[93] Marinkovich MP, Lunstrum GP,
Keene DR, et al. The dermal-epidermal
junction of human skin contains a novel
laminin variant. Journal of Cell Biology.

1992;119(3):695-703

[94] Burgeson RE. Type VII collagen,
anchoring fibrils, and epidermolysis
bullosa. Journal of Investigative
Dermatology. 1993;101(3):252-255

[95] Troyanovsky SM, Leube RE,
Franke WW. Characterization of the
human gene encoding cytokeratin 17 and

its expression pattern. European Journal
of Cell Biology. 1992;59(1):127-137

[96] van Ruissen F, van Erp PEJ, de
Jongh GJ. Cell kinetic characterization
of growth arrest in cultured human
keratinocytes. Journal of Cell Science.
1994;107(8):2219-2228

[97]1 Nockowski P, Szepietowski JC,
Ziarkiewicz M. Serum concentrations
of transforming growth factor beta

1 in patients with psoriasis vulgaris.
Acta Dermatovenerologica Croatica.
2004;12(1):2-6

[98] Ryan TJ, Vickers HR, Salem SN, et al.
The treatment of psoriasis with folic
acid antagonist. The British Journal of
Dermatology. 1964;76:555-564

[99] Boffa M, Chalmers R. Methotrexate
for psoriasis. Clinical and Experimental
Dermatology. 1996;21:399-408

128

[100] Bright R. Methotrexate in
the treatment of psoriasis. Cutis.
1999;64:332-334

[101] Strober BE, Menon K. Folate
supplementation during methotrexate
therapy for patients with psoriasis.
Journal of the American Academy of
Dermatology. 2005;53:652-659

[102] Gubner R, August S, Ginsberg V.
Therapeutic suppression of tissue
reactivity. II. Effect of aminopterin
in rheumatoid arthritis and psoriasis.
The American Journal of the Medical
Sciences. 1951;221:176-182

[103] Ward JR. Historical perspective on
the use of methotrexate for the treatment
of rheumatoid arthritis. Journal of
Rheumatology. 1985;12:3-6

[104] Cronstein BN. Molecular
therapeutics: Methotrexate and its
mechanism of action. Arthritis and
Rheumatism. 1996;39:1951-1960

[105] Lynch JP III, McCune J.
Immunosuppressive and cytotoxic
pharmacotherapy for pulmonary
disorders. American Journal of
Respiratory Critical Care Medicine.
1997;155:395-420

[106] Kremer JM. Methotrexate update.
Scandinavian Journal of Rheumatology.

1996;25(6):341-344

[107] Goodman TA, Polisson RP.
Methotrexate: Adverse reactions and
major toxicities. Rheumatic Diseases
Clinics of North America.
1994;20:513-528

[108] Chan ES, Cronstein BN.
Methotrexate—how does it really
work? Nature Reviews Rheumatology.
2010;6:175-178

[109] Griffiths CEM, Clark CM,
Chalmers RJG, et al. A systematic review



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

of treatments for severe psoriasis.
Health Technology Assessment.
2000;4(40):1-125

[110] Callis KP, Chadha A, Vaishnaw A,

et al. Reduction of CD45RO+ effector

T lymphocytes is not observed in the
treatment of psoriasis with methotrexate.
Journal of Investigative Dermatology.
2002;119:244 (abstract 220)

[111] Elango T, Dayalan H,

Subramanian S, Gnanaraj P,
Malligarjunan H. Serum interleukin-6
levels in response to methotrexate
treatment in psoriatic patients. Clinica
Chimica Acta. 2012;413(19-20):1652-1656

(112] Elango T, Dayalan H, Gnanaraj P,
Malligarjunan H, Subramanian S. Impact
of methotrexate on oxidative stress and
apoptosis markers in psoriatic patients.
Clinical and Experimental Medicine.
2014;14(4):431-437

[113] Heydendael VM, Spuls PI,
Opmeer BC, et al. Methotrexate versus
cyclosporine in moderate-to-severe
chronic plaque psoriasis. The New

England Journal of Medicine.
2003;349(7):658-665

[114] Sandhu K, Kaur I, Kumar B, et al.
Efficacy and safety of cyclosporine
versus methotrexate in severe psoriasis:
A study from north India. Journal of
Dermatology. 2003;30(6):458-463

[115] Gawkrodger DJ. On behalf of

the Therapy Guidelines and Audit
Subcommittee of the British Association
of Dermatologists. Current management
of psoriasis. Journal of Dermatological
Treatment. 1997;8:27-55

[116] Said S, Jeffes EW, Weinstein GD.
Methotrexate. Clinics in Dermatology.
1997;15(5):781-797

[117] Roenigk HH Jr, Auerbach R,
Maibach HI. Methotrexate in psoriasis:

129

Revised guidelines. Journal of the
American Academy of Dermatology.
1988;19(1 pt1):145-156

[118] Roenigk HH Jr, Auerbach R,
Maibach HI, et al. Methotrexate in
psoriasis: Consensus conference.
Journal of the American Academy of
Dermatology. 1998;38(3):478-485

[119] Dogra S, Krishna V, Kanwar AJ.
Efficacy and safety of systemic
methotrexate in two fixed doses of 10.

Clinical and Experimental Dermatology.
2012;37(7):729-734

[120] Yeo CM, Chong VH, Earnest A.
Prevalence and risk factors of
methotrexate hepatoxicity in Asian
patients with psoriasis. World Journal of
Hepatology. 2013;5(5):275-280

[121] Zachariae H. Have methotrexate-
induced liver fibrosis and cirrhosis
become rare? A matter for reappraisal
of routine liver biopsies. Dermatology.
2005;211(4):307-308

[122] Kremer JM. Methotrexate treatment
of rheumatic diseases: Can we do

better? Arthritis and Rheumatism.
2008;58:3279-3282

[123] Wessels JA, Huizinga TW,
Guchelaar HJ. Recent insights in the
pharmacological actions of methotrexate
in the treatment of rheumatoid

arthritis. Rheumatology (Oxford).
2008;47:249-255

[124] Sigmundsdottir H, Johnston A,
Gudjonsson JE, et al. Methotrexate
markedly reduces the expression

of vascular E-selectin, cutaneous
lymphocyte-associated antigen and the
numbers of mononuclear leucocytes

in psoriatic skin. Experimental
Dermatology. 2004;13(7):426-434

[125] Jeffes EW III, McCullough JL,
Pittelkow MR, et al. Methotrexate



Psoriasis - New Research

therapy of psoriasis: Differential
sensitivity of proliferating lymphoid
and epithelial cells to the cytotoxic
and growth-inhibitory effects of
methotrexate. Journal of Investigative
Dermatology. 1995;104(2):183-188

[126] Phillips DC, Woollard K],

Griffiths HR. The anti-inflammatory
actions of methotrexate are critically
dependent upon the production of
reactive oxygen species. British Journal of
Pharmacology. 2003;138(3):501-511

[127] Herman S, Zurgil N, Deutsch M.
Low dose methotrexate induces apoptosis
with reactive oxygen species

involvement in T lymphocytic cell lines
to a greater extent than in monocytic
lines. Inflammation Research.
2005;54(7):273-280

[128] Magari K, Miyata S, Nishigaki F.
Differential effects of FK506 and
methotrexate on inflammatory
cytokine levels in rat adjuvant-induced
arthritis. Journal of Rheumatology.
2003;30(10):2193-2200

[129] Partsch G, Steiner G, Leeb BF.
Highly increased levels of tumor necrosis
factor-alpha and other proinflammatory
cytokines in psoriatic arthritis synovial
fluid. Journal of Rheumatology.
1997;24(3):518-523

[130] Gerards AH, de Lathouder S,
de Groot ER. Inhibition of cytokine
production by methotrexate.
Studies in healthy volunteers and
patients with rheumatoid arthritis.
Rheumatology (Oxford, England).
2003;42(10):1189-1196

[131] Barsig J, Yam G, Lehner MD,

Beume R. Methotrexate treatment
suppresses local cytokine and chemokine
production in rat adjuvant arthritis.
Drugs under Experimental and Clinical
Research. 2005;31(1):7-11

130

[132] Seitz M, Loetscher P, Dewald B,

et al. Methotrexate action in rheumatoid
arthritis: Stimulation of cytokine
inhibitor and inhibition of chemokine
production by peripheral blood
mononuclear cells. British Journal of
Rheumatology. 1995;34(7):602-609

[133] Partsch G, Wagner E, Leeb BF,

et al. T cell derived cytokines in psoriatic
arthritis synovial fluids. Annals of the
Rheumatic Diseases. 1998;57(11):691-693

[134] Neurath MF, Hildner K, Becker

C et al. “Methotrexate specifically
modulates cytokine production by

T cells and macrophages in murine
collagen-induced arthritis (CIA): A
mechanism for methotrexate-mediated
immunosuppression”. Clinical

and Experimental Immunology.
1999;115(1):42-55

[135] Hildner K, Finotto S, Becker C,

et al. Tumor necrosis factor (TNF)
production by T cell receptor primed

T lymphocytes is a target for low dose
methotrexate in rheumatoid arthritis.
Clinical and Experimental Immunology.
1999;118(1):137-146

[136] Constantin A, Loubet-Lescoulie P,
Lambert N, et al. Antiinflammatory and
immunoregulatory action of methotrexate
in the treatment of rheumatoid arthritis:
Evidence of increased interleukin-4

and interleukin-10 gene expression
demonstrated in vitro by competitive
reverse transcriptase polymerase chain
reaction. Arthritis and Rheumatism.
1998;41(1):48-57

[137] Dolhain R], Tak PP, Dijkmans BA,

et al. Methotrexate reduces inflammatory
cell numbers, expression of

monokines and of adhesion molecules

in synovial tissue of patients with
rheumatoid arthritis. British Journal of
Rheumatology. 1998;37(5):502-508



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

[138] Kraan MC, Reece R], Barg EC,

et al. Modulation of inflammation

and metalloproteinase expression in
synovial tissue by leflunomide and
methotrexate in patients with active
rheumatoid arthritis. Findingsina
prospective, randomized, double-blind,
parallel design clinical trial in thirty-nine
patients at two centers. Arthritis and
Rheumatism. 2000;43(8):1820-1830

[139] Bouma MG, van den
Wildenberg FA, Buurman WA.
Adenosine inhibits cytokine release
and expression of adhesion molecules
by activated human endothelial cells.
The American Journal of Physiology.
1996;270(2Pt1):C522-C529

[140] Yamasaki E, Soma Y, Kawa y,
Mizoguchi M. Methotrexate inhibits
proliferation and regulation of the
expression of intercellular adhesion
molecule-1 and vascular cell adhesion
molecule-1 by cultured human umbilical
vein endothelial cells. The British Journal
of Dermatology. 2003;149(1):30-38

[141] Morhenn VB, Orenberg EK,
Kaplan]J, et al. Inhibition of a Langerhans
cell mediated immune response by
treatment modalities useful in psoriasis.

Journal of Investigative Dermatology.
1983;81(1):23-27

[142] Liu HN, Wong CK. In vitro
immunosuppressive effects of
methotrexate and azathioprine
on Langerhans cells. Archives
of Dermatological Research.

1997;289(2):94-97

[143] Griffiths CE. T-cell-targeted
biologicals for psoriasis. Current Drug
Targets. Inflammation and Allergy.
2004;3(2):157-161

[144] Wrone-Smith T, Mitra RS,
Thompson CB, et al. Keratinocytes
derived from psoriatic plaques are

131

resistant to apoptosis compared with
normal skin. The American Journal of
Pathology. 1997;151(5):1321-1329

[145] Watt FM, Hogan BL. Out of Eden:
Stem cells and their niches. Science.
2000;287:1427-1430

[146] Taylor G, Lehrer MS, Jensen PJ,

et al. Involvement of follicular stem cells
in forming not only the follicle but also
the epidermis. Cell. 2000;102(4):451-461

[147] Oshima H, Rochat A, Kedzia C,

et al. Morphogenesis and renewal of hair
follicles from adult multipotent stem
cells. Cell. 2001;104(2):233-245

[148] Huelsken ], Vogel R, Erdmann B,
et al. B-Catenin controls hair

follicle morphogenesis and stem

cell differentiation in the skin. Cell.
2001;105(4):533-545

[149] Werner S, Smola H. Paracrine
regulation of keratinocyte proliferation
and differentiation. Trends in Cell
Biology. 2001;11(4):143-146

[150] Kaufman CK, FuchsE. It’s
got you covered. NF-kappaB in the
epidermis. Journal of Cell Biology.
2000;149(5):999-1004

[151] Arnold I, Watt FM. c-Myc activation
in transgenic mouse epidermis results

in mobilization of stem cells and
differentiation of their progeny. Current
Biology. 2001;11(8):558-568

[152] Mee JB, Cork M, di Giovineb FS,

et al. Interleukin-1: A key inflammatory
mediator in psoriasis? Cytokine.
2006;33(2):72-78

[153] Tamilselvi E, Haripriya D,
Hemamalini M, Pushpa G, Swapna S.
Association of disease severity with IL-1
levels in methotrexate-treated psoriasis
patients. Scandinavian Journal of
Immunology. 2013;78(6):545-553



Psoriasis - New Research

[154] Takematsu H, Terui K, Ohkohchi H,
et al. Interleukin-1-like activity in horny
layer extracts: Decreased activity in

scale extracts of psoriasis and sterile
dermatoses. Dermatologica. 1986;172:236

[155] Takematsu H, Tagam H. Lack of
correlation interleukin 1 levels between
interleukin 6 in psoriatic lesional

skin. Tohoku Journal of Experimental
Medicine. 1994;172:243-252

[156] Yoshinaga Y, Higaki M,

Terajima S. Detection of inflammatory
cytokines in psoriatic skin. Archives
of Dermatological Research.
1995;287:158-164

[157] Debets R, Hegmans JP, Croughs P,
et al. The IL-1 system in psoriatic skin.
IL-1 antagonist sphere of influence in
lesional psoriatic epidermis. Journal of
Immunology. 1997;158(2955):+ 63

[158] Fantini F, Magnoni C,
Bracci-Laudiero L, Pincelli C. Nerve
growth factor is increased in psoriatic
skin. Journal of Investigative
Dermatology. 1995;105:854-855

[159] Pincelli C. Nerve growth factor
and keratinocytes: A role in psoriasis.

European Journal of Dermatology.
2000;10(2):85-90

[160] Ockenfels HM, Nussbaum G,
Schneck B, et al. The effect of
cyclosporin A and FK 506 on the cAMP
content in psoriatic keratinocytes.

Skin Pharmacology and Physiology.
1996;9(4):281-288

[161] Kobayashi Y, Appella E, Yamada M,
et al. Phosphorylation of Intracellular
Precursors of Human IL-1. Journal of
Immunology. 1988;14:2279

[162] Barrera P, Boerbooms AM,
Demacker PN, et al. Circulating
concentrations and production of
cytokines and soluble receptors in

132

rheumatoid arthritis patients: Effects of a
single dose Methotrexate. British Journal
of Rheumatology. 1994;33:1017-1024

[163] Stamp LK, Hazlett ], Roberts RL,
et al. Adenosine receptor expression

in rheumatoid synovium: A basis for
methotrexate action. Arthritis Research
& Therapy. 2012;14:138

[164] Debets R, Hegmans JP,

Troost R, et al. Enhanced production
of biologically active interleukin-1la and
interleukin-1b by psoriatic epidermal
cells ex vivo: Evidence of increased
cytosolic interleukin-1b levels and
facilitated interleukin-1 release.
European Journal of Immunology.
1995;25:1624-1630

[165] Yang CM, Luo SF, Hsieh HL, et al.
Interleukin-1beta induces ICAM-1
expression enhancing leukocyte adhesion
in human rheumatoid arthritis synovial
fibroblasts: Involvement of ERK, JNK,
AP-1, and NF-kappaB. Journal of Cellular
Physiology. 2010;224(2):516-526

[166] Pietrzak AT, Zalewska A,
Chodorowska G, et al. Invited critical
review: Cytokines and anticytokines
in psoriasis. Clinica Chimica Acta.
2008;394:7-21

[167] Martinon F, Tschopp J.
Inflammatory caspases and
inflammasomes: Master switches
of inflammation. Cell Death and
Differentiation. 2007;14:10-22

[168] Salskov-Iversen ML, Johansen C,
Kragballe K. Caspase-5 expression is
upregulated in lesional psoriatic skin.
Journal of Investigative Dermatology.
2011;131(3):670-676

[169] Mizutani H, Ohmoto Y, Mizutani T,
et al. Role of increased production of
monocytes TNF-alpha, IL-1beta and
IL-6 in psoriasis: Relation to focal



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

infection, disease activity and responses
to treatments. Journal of Dermatological
Science. 1997;14(2):145-153

[170] Chang DM, Weinblatt ME,
Schur PH. The effects of methotrexate on
interleukin 1 in patients with rheumatoid

arthritis. Journal of Rheumatology.
1992;19:1678-1682

[171] Brody M, B6hm I, Bauer R.
Mechanism of action of methotrexate:
Experimental evidence that methotrexate
blocks the binding of interleukin 1

beta to the interleukin 1 receptor on
target cells. European journal of clinical
chemistry. 1993;31(10):667-674

[172] Beta-Csorgo Z, Hammerberg C,
Voorhees JJ, Cooper KD. Intralesional
T-lymphocyte activation as a
mediator of psoriatic hyperplasia.
Journal of Investigative Dermatology.
1995;105:895-894S

[173] Dinarello CA, Ikejima T, Warner 5],
et al. Interleukin 1 induces interleukin
1. I. Induction of circulating interleukin
1 in rabbits in vivo and in human
mononuclear cells in vitro. Journal of
Immunology. 1987;139:1902

[174] Thirupathi A, Elango T,
Subramanian S, Gnanaraj P.
Methotrexate regulates Th-1 response by
suppressing caspase-1 and cytokines in
psoriasis patients. Clinica Chimica Acta.
2016;453:164-169

[175] Bradley JR. TNF-mediated
inflammatory disease. Journal of
Pathology. 2008;214:149-160

[176] Shifa Z, Junping L, Yakun W,

et al. Expressions of TNF receptors,
ICAM-1 and LFA-1 in lesional skin of
psoriasis vulgaris. Chinese Journal of
Dermatology. 1998;31(2):84-86

[177] Mussi A, Bonifati C, Carducci M,
et al. Serum TNF-alpha levels correlate

133

with disease severity and are reduced by
effective therapy in plaque-type psoriasis.
Journal of Biological Regulators and
Homeostatic Agents. 1997;11(3):115-118

[178] Chodorowska G. Plasma
concentrations of IFN-gamma and
TNF-alpha in psoriatic patients

before and after local treatment with
dithranol ointment. Journal of the
European Academy of Dermatology and
Venereology. 1998;10(2):147-151

[179] Johansen C, Funding AT,

Otkjaer K, et al. Protein expression of
TNF-alpha in psoriatic skin is regulated
at a posttranscriptional level by MAPK-
activated protein kinase 2. Journal of
Immunology. 2006;176(3):1431-1438

[180] Majumdar S, Aggarwal BB.
Methotrexate suppresses NfkappaB
activation through inhibition of
IkappaBalpha phosphorylation and
degradation. Journal of Immunology.
2001;167:2911-2920

[181] Christophers E. The
immunopathology of psoriasis.
International Archives of Allergy and
Immunology. 1996;110:199-206

[182] Abdallah MA, Abdel-Hamid MF,
Kotb AM, Mabrouk EA. Serum
interferon-gamma is a psoriasis

severity and prognostic marker. Cutis.
2009;84(3):163-168

[183] Uyemura K, Yamamura M,
Fivenson DF, Modlin RL. The cytokine
network in lesional and lesion-free
psoriatic skin is characterized by a
T-helper type 1 cell-mediated response.
Journal of Investigative Dermatology.
1993;101:701-705

[184] Schlaak JF, Buslau M, Jochum W,
et al. T cells involved in psoriasis vulgaris
belong to the Th1 subset. Journal

of Investigative Dermatology.
1994;102:145-149



Psoriasis - New Research

[185] El Barnawi NY, Ciasuddin ASM,
Ziu MM, Singh M. Serum cytokine levels
in psoriasis vulgaris. British Journal of
Biomedical Science. 2001;58:40-44

[186] Arican O, Aral M, Sasmaz S,

et al. Serum levels of TNF-alpha, IFN-
gamma, IL-6, IL-8, IL-12, IL-17,

and IL-18 in patients with active
psoriasis and correlation with disease
severity. Mediators of Inflammation.
2005;5:273-279

[187] Piskin G, Koomen CW, Picavet D.
Ultraviolet-B irradiation decreases IFN-y
and increases IL-4 expression in psoriatic
lesional skin in situ and in cultured
dermal T cells derived from these

lesions. Experimental Dermatology.
2003;12:172-180

[188] Bonifati C, Trento E, Cordiali-Fei P,
et al. Increased interleukin-7
concentrations in lesional skin and in
the sera of patients with plaque-type
psoriasis. Clinical Immunology and
Immunopathology. 1997;83:41-44

[189] Nesher G, Moore TL. The in vitro
effects of methotrexate on peripheral
blood mononuclear cells. Modulation by
methyl donors and spermidine. Arthritis
and Rheumatism. 1990;33:954-959

[190] Kagami S, Rizzo HL, Lee J], et al.
Circulating Th17, Th22, and Th1 cells
are increased in psoriasis. Journal

of Investigative Dermatology.
2010;130(5):1373-1383

[191] Rangarajan A, Talora C,
Okuyama R, et al. Notch signaling is
adirect determinant of keratinocyte
growth arrest and entry into
differentiation. The EMBO Journal.
2001;20(13):3427-3436

[192] Cutroneo KR. TGF-beta-induced
fibrosis and SMAD signaling: Oligo
decoys as natural therapeutics for
inhibition of tissue fibrosis and scarring.

134

Wound Repair and Regeneration.
2007;15(1):S54-S60

[193] Flisiak I, Porebski P, Flisiak R,
Chodynicka B. Plasma transforming
growth factor betal as a biomarker of

psoriasis activity and treatment efficacy.
Biomarkers. 2003;8(5):437-443

[194] Conery AR, Cao Y, Thompson EA,
et al. Akt interacts directly with Smad3
to regulate the sensitivity to TGF-beta
induced apoptosis. Nature Cell Biology.
2004;6(4):366-372

[195] Song K, Wang H, Krebs T,
Danielpour D. Novel roles of Akt and
mTOR in suppressing TGF-b/ALKS5-
mediated Smad3 activation. The EMBO
Journal. 2006;25:58-69

[196] Ulloa L, Doody J, Massagué J.
Inhibition of transforming growth
factor-beta/SMAD signaling by the
interferon-gamma/STAT pathway.
Nature. 1999;397(6721):710-713

[197] Bitzer M, von Gersdorff G, Liang D,
et al. A mechanism of suppression of
TGF-beta/SMAD signaling by NF-kappa
B/RelA. Genes & Development.
2000;14(2):187-197

[198] Cai JP, Falanga V, Taylor JR,

Chin YH. Transforming growth factor
beta receptor binding and function
are decreased in posriatic dermal
endothelium. Journal of Investigative
Dermatology. 1996;106:225-231

[199] Winter-Vann AM, Kamen BA,
Bergo MO, et al. Targeting Ras signaling
through inhibition of carboxyl
methylation: An unexpected property
of Methotrexate. Proceedings of

the National Academy of Sciences.
2003;100(11):6529-6534

[200] Simpson CL, Patel DM,

Green KJ. Deconstructing the skin:
Cytoarchitectural determinants of
epidermal morphogenesis. Nature



Immunomodulatory Effect of Methotrexate Abruptly Controls Keratinocyte Activation in Psoriasis

DOI: http://dx.doi.org/10.5772/intechopen.102811

Reviews. Molecular Cell Biology.
2011;12:565-580

[201] Huang WY, Yang PM, Chang YF,
Marquez VE, Chen CC. Methotrexate
induces apoptosis through p53/
p21-dependent pathway and
increases E-cadherin expression
through downregulation of HDAC/
EZH2. Biochemical Pharmacology.
2011;81(4):510-517

[202] Yugawa T, Handa K, Narisawa-
Saito M, Ohno S, Fujita M, Kiyono T.
Regulation of Notchl gene
expression by p53 in epithelial cells.
Molecular and Cellular Biology.
2007;27(10):3732-3742

[203] Sriuranpong V, Borges MW,

Ravi RK, et al. Notch signaling induces
cell cycle arrest in small cell lung
cancer cells. Cancer Research.
2001;61(7):3200-3205

[204] Miyoshi K, Takaishi M, Nakajima K,
et al. Stat3 as a therapeutic target for

the treatment of psoriasis: A clinical
feasibility study with STA-21, a Stat3
inhibitor. Journal of Investigative
Dermatology. 2011;131(1):108-117

[205] Meephansan J, Ruchusatsawat K,
Sindhupak W, Thorner PS,
Wongpiyabovorn J. Effect of
methotrexate on serum levels of IL-22 in
patients with psoriasis. European Journal
of Dermatology. 2011;21(4):501-504

[206] Spurlock CF, Aune ZT, Tossberg JT,
et al. Increased sensitivity to apoptosis
induced by methotrexate is mediated

by JNK. Arthritis and Rheumatism.
2011;63(9):2606-2616

[207] Neradil J, Pavlasova G, Veselska R.
New mechanisms for an old drug; DHFR-
and non-DHFR-mediated effects of
methotrexate in cancer cells. Klinicka
Onkologie. 2012;2:587-592

135

[208] Paradisi A, Pasquariello N,
Barcaroli D, Maccarrone M. Anandamide
regulates keratinocyte differentiation

by inducing DNA methylation in a

CB1 receptor-dependent manner.
Journal of Biological Chemistry.
2008;283(10):6005-6012

[209] Leigh IM, Navsaria H, Purkis PE,

et al. Keratins (K16 and K17) as markers
of keratinocyte hyperproliferation in
psoriasis in vivo and in vitro. The British
Journal of Dermatology. 1995;133:501-511

[210] Fu M, Wang G. Keratin 17 as a
therapeutic target for the treatment of
psoriasis. Journal of Dermatological
Science. 2012;67(3):161-165

[211] LiY, Jiang L, Zhang S, Yin L, et al.
Methotrexate attenuates the Th17/IL-17
levels in peripheral blood mononuclear
cells from healthy individuals and RA
patients. Rheumatology International.
2012;32(8):2415-2422






Section 3

Treatment of Psoriasis

137






Chapter7

Topical Moisturisers for the
Management of Psoriasis Vulgaris
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Abstract

The aim of this chapter is to provide an overview of basic and tailored topical
moisturisers and discuss how and why they form the backbone for the manage-
ment of psoriasis. Our discussion begins by describing the main characteristics of
psoriasis and by indicating how alterations in the skin’s integrity and barrier func-
tion contribute to the initial development of psoriasis and subsequent changes in
psoriasis phenotype. Next, we address the evolution of topical moisturisers to ever
more sophisticated and beneficial products, and describe the key biophysical effects
exerted on the psoriatic skin by their active ingredients, as well as the myriad benefits
offered by fundamental and specialty ingredients. Furthermore, we delineate how
topical moisturiser formulation modalities can help to improve compromised skin
barrier function and to alleviate the symptoms of psoriasis, cosmetically and/or
therapeutically as well as discuss the associated concerns and challenges encountered
along the way.

Keywords: active, excipient, formulation modality, ingredient, management, basic
moisturiser, tailored moisturiser, psoriatic plaque, skin barrier

1. Introduction

As a common and complex skin condition (Section 1.1), the root causes of
psoriasis begin inside our body [1], making it far more than just skin deep. The fact
that psoriasis affects the skin’s hydration, barrier structure, function and integrity
(Section 1.2) [2] means that a combination of several management strategies (Section
1.3) is usually required in order to alleviate associated symptoms [3, 4]. Topical mois-
turisers (Section 1.4) represent the first-line defence strategy that forms the backbone
of psoriasis management by reducing and relieving both dryness and the associated
itch-scratch cycle, enhancing skin hydration, and strengthening barrier function by
influencing its subsequent repair and recovery [5-7] and thus, improving underlying
psoriatic symptoms and overall quality of life (QoL) [2].

1.1 Psoriasis at a glance

Psoriasis is a chronic, inflammatory, non-contagious and relapsing skin condition
with a strong genetic predisposition and autoimmune pathogenic traits [8]. While
psoriasis can present at any age, it most commonly appears for the first time between
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the ages of 15 and 25 years, and then again between ages of 57 to 60 years [9], affect-
ing both men and women equally [3, 10]. The worldwide prevalence is about 2-5%

on average, but varies according to regions and ethnicities [3, 10]. In general, the
higher or lower the latitude, the higher the prevalence; people from Asian and African
countries are less prone to psoriasis than people from regions further from the equa-
tor such as Northern Europe, North America and Australia [10, 11].

The term ‘psoriasis’ encompasses several distinct clinical forms of the disease,
the most common and well-known of which is psoriasis vulgaris, also known as
plaque psoriasis. Given the ubiquity of psoriasis vulgaris relative to other forms of the
disease, our focus in this chapter will be on this particular form.

The pathogenesis of psoriasis is multifactorial, with genetics being a primary
contributor, especially in those with early onset of the disease. Many of the candidate
genes are either involved in antigen presentation, immune cell signalling and activa-
tion, or skin barrier function, suggesting an intricate interplay between dendritic
cells, T cells and the main skin cell type, known as keratinocytes [12, 13]. Several
other factors can either initiate and/or exacerbate psoriasis flare-ups. These include:
(a) trauma induced by various physical, chemical and inflammatory skin disrup-
tions (e.g., abrasions, incisions, rubbing); (b) bacterial (e.g., Staphylococcus aureus)
and viral infections; (c) the use of certain medications or drugs (e.g., lithium, blood
pressure reducing medications); (d) poor lifestyle habits such as excessive alcohol
consumption and smoking; and (e) stress [10, 13, 14].

Psoriasis manifests in several distinct clinical forms according to appearance and
the body part affected but predominantly presents as well-demarcated salmon pink
plaques (dry and piled up skin cells) and/or lesions with silvery-white scale, accompa-
nied by skin tightness, itchiness, a burning sensation and, in severe cases, even bleed-
ing [1, 3, 10, 13, 15]. These plaques typically appear in a symmetrical distribution and
affect extensor areas such as the elbows, knees, lower back, limbs, the scalp, tips of
the fingers and toes, palms and soles, the fingernails and toenails, and occasionally,
the genitals [3, 10, 13-15]. Patients suffering from psoriasis are frequently catego-
rised into two main groups: (1) mild or moderate psoriasis (most common category;
affecting 3-10% of total body area) and (2) severe psoriasis (rare; affecting more
than 10% of total body area). Such categorisation primarily depends on the following
three aspects: (1) the clinical severity score (also known as Psoriasis Area Severity
Index—PASI) of the plaques, which is an assessment tool based on the degree of
plaque redness, thickness, itchiness and scaling; (2) the percentage of affected body
surface area (BSA); and (3) patient QoL [13, 14, 16].

As alluded to in the introduction, psoriasis is not only a skin condition, it also
involves multiple organ systems (e.g., cardiovascular, hepatic, respiratory and haema-
tological) and people with psoriasis regularly display a broad spectrum of symptoms
and significant co-existing conditions such as obesity, cardiovascular disease, non-
alcoholic fatty liver disease, cancer, diabetes and metabolic syndrome, with rates
being especially elevated in those with more severe psoriasis [1, 13]. For example,
diabetic patients with psoriasis appear to be more likely to require pharmacological
management and suffer from micro- and macrovascular diabetes complications than
diabetic patients without psoriasis [17].

1.2 Skin barrier alterations in psoriasis

The barrier function of the skin resides in the outermost layer of the epidermis,
known as the stratum corneum (SC) and is linked to the protein enriched corneocyte
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(dead keratinocytes lacking vital cellular organelles) layers and the intercellular mem-
brane lipid matrix mostly composed of ceramides, cholesterol and free fatty acids
[18-21]. Corneocytes are continually and efficiently replaced to maintain skin hydra-
tion, flexibility and structural integrity, and to repair any perturbation and damage
[21]. Continuous exposure to environmental insults such as harsh climatic conditions
(e.g., extreme temperatures, wind) and chemicals (e.g., harsh detergents and soaps)
can significantly impact the skin’s structural and functional properties, which in

turn can cause acute or chronic damage of the skin barrier resulting in unfavourable
changes in skin morphology and physiology over time [19, 20, 22-24].

Skin dryness is a major underlying problem of the dysfunctional psoriatic skin
barrier as it reflects an abnormal and defective desquamation (shedding) process,
where corneocytes are shed as visible scales, causing the cosmetically unattractive
rough texture associated with dry skin and excessive transepidermal water loss
(TEWL), ultimately leading to discomfort and itchiness. Such compromised, dry and
fragile skin that is unable to efficiently bind and hold water is also susceptible to the
penetration of irritants, allergens and microorganisms that can result in irritation,
inflammation and infection [3, 10, 13-15, 19, 20, 22-24].

Normally, healthy skin cells mature and are shed from the skin’s surface every
28 to 30 days [25]. However, when psoriasis develops, these skin cells mature much
faster, usually in 3 to 6 days, and subsequently move to the skin surface. Due to such a
rapid turnover of skin cells, it is possible that even live and healthy cells can reach the
surface and accumulate with the dead cells. Instead of being shed, the skin cells pile
up, causing the development of thick plaques that are characteristic of psoriasis [14].
There are two main schools of thought as to the exact pathological process that leads
to the development of such psoriatic plaques, however, neither of these can stand
independently from each other. The first considers psoriasis primarily as an unregu-
lated condition of excessive growth and regeneration of skin cells, characterised by
abnormal keratinocyte differentiation and hyperproliferation. Such a problem is
simply seen as a ‘fault’ of the epidermis and its keratinocytes [3, 14, 26]. The second
considers psoriasis as an immune-mediated skin condition in which the excessive
regeneration of skin cells is secondary to factors produced by the immune system,
suggesting that the inflammatory mechanisms are immune-based and most likely ini-
tiated and maintained primarily by T cells found within the deeper layer of the skin,
the dermis [14, 27, 28]. Given that keratinocytes, dendritic cells and activated T cells
are all crucial to the development and persistence of psoriatic plaques, the pathophys-
iology of psoriasis cannot be explained by the role of a single cell type exclusively — it
is likely a dynamic and complex interplay between those cell types. Furthermore, the
contribution of each cell type is equally essential in different phases (e.g., initiation,
formation, maintenance) of psoriatic alterations. Therefore, the exact sequence of
events that lead to the development of psoriatic plaques remains unknown [28].

1.3 Management of psoriasis

Choosing the best management strategy for psoriasis can often be problematic and
frustrating for both patients and healthcare professionals, and usually there are several
factors to consider: the type, severity and localisation of the condition; the patient’s
age and medical history; the impact the disease has on QoL; and the patient’s expected
goals [1]. Before embarking on a management strategy, it is absolutely crucial to estab-
lish expectations and goals. The ‘ideal’ goal would be complete clearance of psoriatic
plaques but this is currently not achievable in most patients. Thus, it is necessary to set
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a minimal target to allow modification of the management strategy if the target is not
achieved within a set time [29]. In very basic terms, management for ‘generalised’ pso-
riasis follows a 1-2-3 step-ladder approach (Figure 1), starting with topical therapies
(e.g., topical moisturisers) (Section 1.4) followed by phototherapy and then systemic
medications that can include a range of oral drugs and small biologicals [1, 10, 30].

Topical therapy as monotherapy is useful in psoriasis patients with a mild to
moderate condition. Topical moisturisers are also used as an adjuvant strategy for
moderate to severe psoriasis that is concurrently treated with either phototherapy or
systemic medications [10].

Phototherapy represents a second-line defence strategy in the management of pso-
riasis (Figure 1). It involves exposure of the psoriatic skin to ultraviolet (UV) radia-
tion, which can decrease the appearance of plaques on the skin [10, 31]. Many types
of phototherapy have been developed and used for the treatment of psoriasis over
the last few decades. Broadband ultraviolet B light (BB-UVB, 290-320 nm) was the
first such therapy developed, but was later replaced by narrowband ultraviolet B light
(NB-UVB, 311 nm) as the latter is more effective than the former. The excimer laser/
lamp of 308 nm was next invented and used as a monochromatic (single wavelength)
UVB source for psoriasis treatment. The advantage of using excimer is its targeting
ability that can spare unaffected skin while providing high doses targeted directly at
psoriatic skin [32]. In short, phototherapy acts by causing cutaneous immuno-sup-
pression, slowing down excessive growth of skin cells and altering cytokine expres-
sion [10, 31]. The drawbacks to phototherapy include the extensive time investment
that is required; usually, three to five therapy sessions per week are needed, with
the total therapy period ranging from approximately 2-3 months. Additionally, the
response to phototherapy can vary from individual to individual, and there can be
health implications to consider, such as the risk of skin cancer [10].

SYSTEMIC
MEDICATIONS

PHOTOTHERAPY

TOXICITY

TOPICAL
MOISTURISERS

EFFICACY IN PSORIASIS MANAGEMENT

Figure 1.
Schematic of psoriasis 1-2-3 step-ladder management approach [1, 10, 30].
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The decision to progress to systemic therapy (Figure 1) should be based not only
on objective disease severity (where PASI >10% or QoL index >10% or BSA >10%;
indicating more than 10% of involvement of the skin) [33], but also on social and
psychological factors. The patient should understand the risks (e.g., higher risk and
more adverse effects) (Figure 2) associated with systemic medications and should
be allowed to determine whether the risk of therapy outweighs the benefit [10].
Indications for systemic therapy include widespread plaque psoriasis, erythrodermic
(potentially life-threatening inflammation) psoriasis, or the need for repeated hospi-
talisation for topical therapy. The therapies for extensive and severe forms of psoriasis
usually have long-term side effects [34].

The order in which these management strategies are employed should progress
in a stepwise fashion from lowest to highest risk (Figure 2), hence, the concept of a
management ladder (Figure 1). The management strategy with the fewest side-effects
(e.g., topical moisturisers) should be employed first. If this strategy proves ineffective
or if the psoriasis is more severe, strategies with greater toxicity (e.g., phototherapy
and systemic medications) may be initiated (Figure 2) [10, 34].

1.4 Topical moisturisers are the backbone of psoriasis management

Most topical moisturisers are specifically formulated to promote and maintain
healthy skin, but may also serve to manage dry and itchy skin conditions such as
psoriasis. Moisturisers are crucial to achieving a reduction in clinical signs of irrita-
tion and dryness, scaling and roughness, and a decrease in perceived feelings of
tightness and itching [6, 20, 35, 36]. There are no specific rules on what is the best or
‘correct’ type of topical moisturiser to use. Since topical moisturisers are effectively
used either as cosmetics (providing basic skin moisturisation) or therapeutics (e.g.,
managing psoriasis and preventing its exacerbation), the patients’ considerations
will be mainly influenced by their personal preferences and lifestyle, and the nature
and severity of their skin condition. Individual patient preferences and history may
have an impact on the choice of moisturiser or moisturising base to use. A psoriasis
patient presenting with severe dryness may benefit most from an occlusive ointment,
yet their distaste for this particular base may dissuade them from using the product
consistently, which could lead to increased morbidity. Conversely, while a lotion or

TOPICAL | SYSTEMIC

MOISTURISERS | S TOTHERSE MEDICATIONS

LOW RISK AND n— HIGHER RISK AND
FEWER ADVERSE EFFECTS MORE ADVERSE EFFECTS

Figure 2.
The order in which management strategies for psoriasis should be implemented [10, 34].
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cream may not provide as much hydration as an ointment, the patient’s preference
for such ingredient base may improve compliance and, therefore, outcome. Patient
expectation can also impact the choice or use of moisturiser. Despite wide manage-
ment options being available, psoriasis is still an incurable disease, so expectation
needs to be carefully managed. Complete psoriatic plaque clearance and relief from
symptoms is often very difficult, if not impossible, a fact that can lead to patient dis-
satisfaction, as well as poor adherence and compliance with the current management
options [10, 37].

The ‘ideal’ topical moisturiser (Figure 3) is one that the user prefers and will use
regularly and liberally, keeping in mind that it should be: (a) cosmetically accept-
able and elegant; (b) absorbed rapidly providing immediate skin moisturisation and
achieve the intended cosmetic and/or therapeutic effect(s); (c) free from common
irritants and allergens such as fragrance, colour and soap to minimise irritation and
aggravation of the skin or underlying skin condition; and (d) non-sensitising, non-
comedogenic (will not block pores), long-lasting [36, 38] and pH-balanced [39].

The efficacy of topical moisturisers is related to its basic skin moisturisation
and ‘conditioning’ benefits, as well as its therapeutic effects. This is achieved most
commonly through a well-designed combination of fundamental and specialty
ingredients and actives, formulated and delivered in a range of topical formulations
(Section 3) [20, 40, 41].

Provides immediate
skin hydration and
prevents TEWL
b ~ Contains no soap,
Protects the skin fragrance, colour or
ali':)(ildr‘laasatr‘:'::: common irritants
THE ‘IDEAL’
. TOPICAL MOISTURISER !
CHARACTERISTICS
Affordable,
« COSMETIC BENEFITS oI egant
Softens dry « THERAPEUTIC EFFECTS and accsptabls
and cracked skin, and
reduces scaling y @/
Eases itching and Rapid absorption,
inflammation, and non-comedogenic,
relieves irritation long-lasting and
and soreness pH-balanced

Figure 3.
The ‘ideal’ topical moisturiser characteristics [36, 38—41].
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2. The evolution of moisturisers: from fundamental ingredients to
tailored products

The evolution of topical moisturisers is basically equivalent to an odyssey from
fundamental ingredients (e.g., emollients, humectants, occludents, excipients)
[6, 35, 42] (Section 2.1) to specialty molecules (e.g., ceramides, Panthenol, nicotin-
amide) [6, 35] (Section 2.2) and functionally distinct actives (e.g., corticosteroids,
tar-based ingredients, keratolytics) [43, 44] (Section 2.3). Therefore, understanding
the interplay and synergism amongst different ingredients as well as being familiar
with their ever expanding biophysical effects is essential to get a cosmetically accept-
able and/or therapeutically stable tailored product (Section 3) with the desired impact
on both healthy and diseased skin [6, 35].

2.1 Fundamental ingredients

Topical moisturisers usually contain, at a minimum, one or a combination of
the key moisturising ingredients, namely emollients (e.g., dimethicone) (Section
2.1.1), humectants (e.g., glycerin) (Section 2.1.2) and occludents (e.g., petrolatum/
petroleum jelly) (Section 2.1.3), as well as numerous excipients (e.g., penetration
enhancers, preservatives, pH adjusters) to stabilise the formulation (Section 2.1.4).
Additional ingredients often include selected specialty ingredients (Section 2.2) and
actives (Section 2.3). Ingredient selection, and moisturiser composition and formula-
tion are crucial considerations when choosing an appropriate moisturiser. Specifically
for psoriasis, these considerations can determine whether the product will repair and
strengthen or further deteriorate the psoriatic skin barrier [6, 35, 45].

2.1.1 Emollients

Emollients are used to improve the appearance and texture of skin by filling in
the crevices between corneocytes. This contributes to increased softness, smoothness
and suppleness of the skin and improves its overall appearance [42, 46, 47]. The most
common types of emollients are silicones such as dimethicone, which is a hypoaller-
genic and non-comedogenic polymer and is used extensively in topical moisturisers.
It exerts a protective effect on the skin by locking in moisture and decreasing TEWL
[48]. Dimethicone’s low surface energy and highly flexible silicone polymer backbone
allows for effective spreading on the skin and a pleasant skin feel. The physical and
aesthetic properties of silicones can be controlled by varying the chain length and
molecular weight of the polymer. As chain length increases, the viscosity of silicones
also increases, and vice-versa. Low viscosity means that the silicone is able to spread
quickly and easily while providing a light, silky skin feel, whereas higher viscosities
enable silicones to form more persistent hydrophobic (water-repelling) films with
good water barrier properties [49].

2.1.2 Humectants
Humectants are hygroscopic (water-attracting) substances that are able to increase
the water content of the skin by enhancing water absorption from the underlying

skin layers, namely the deeper epidermis and dermis. Humectants penetrate the SC
readily and act like biological sponges that promote water retention in the skin [47].
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In addition, humectants are also able to hydrate the SC by absorbing water from the
external environment. As a consequence, the SC tends to have greater water content
in areas in which humectants are localised [42, 46, 47].

Glycerin is the most widely-studied and used humectant. It is also an endogenous
component of the human skin. Glycerin is transported from the dermis through the
keratinocytes by a transmembrane water/glycerol transport protein, Aquaporin 3
(AQP3) [50-52], and its hygroscopic properties enable it to increase the water hold-
ing capacity of an impaired SC. Glycerin functions in a way similar to the skin’s own
natural moisturising factor (NMF), which is an essential skin process responsible for
appropriate SC hydration, barrier homeostasis, desquamation and plasticity. When
used topically, glycerin protects the skin from irritant-associated skin conditions and
accelerates recovery of irritated skin, while also improving overall skin hydration.
Topical glycerin also helps barrier recovery through corneocyte desquamation regula-
tion and is able to restore skin hydration at low usage levels (from as little as 2% v/v
up to 10% v/v) [47, 52].

2.1.3 Occludents

Occludents are lipohilic (lipid-loving) substances that form a protective film
on the skin and restrict TEWL, trapping water in the skin’s uppermost layers and
protecting against moisture loss [42, 46, 47, 53]. The most commonly used occludent,
petrolatum or petroleum jelly (along, aliphatic/straight chain of hydrocarbons) [54],
can enter the intercellular space of the SC and become part of its lipid structure to
provide internal occlusion of the SC, resulting in an increased barrier to water loss.
In this regard, petrolatum is often considered to be the most effective moisturising
ingredient for dry skin [42, 46, 47, 53].

2.1.4 Excipients

Non-active ingredients, commonly termed excipients, are extensively used in the
formulation of topical moisturisers and typically make up the majority (>90%) of
topical product content [41, 55]. By their physicochemical nature, different classes of
excipients are used to enhance the functionality of active ingredients in therapeutic
products, as well as to aid with formulation challenges. Excipients are often used to:
(1) improve solubility to allow incorporation of an active; (2) control the release,
penetration and permeation of an active; (3) improve the overall aesthetics of the
product to increase patient compliance; (4) improve active and product stability; (5)
prevent microbial growth and contamination (e.g., preservatives) and (6) balance the
pH of water-based moisturisers, so that they are compatible with the skin’s naturally
slightly acidic pH [41].

2.1.4.1 Penetration enhancers

Penetration enhancers are chemicals that readily disrupt the structure of the SC
and are commonly used to facilitate active (drug) delivery. The cutaneous inflamma-
tion experienced by patients with psoriasis promotes hypersensitivity and also sup-
presses skin barrier function. Therefore, the effective delivery of anti-inflammatory
actives such as corticosteroids, aided by appropriate penetration enhancers, can
bring about a net improvement in the skin’s barrier function [41]. Many penetration
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enhancers, like propylene glycol, are also solvents, and so can be used alone or in
combination with other penetration enhancers to help facilitate both the partitioning
into and the passage through the SC. However, care must be taken when selecting
and using chemical penetration enhancers since their excessive use can potentially
lead to systemic absorption of the active [41, 56]. As such, a careful tradeoff must

be made between delivering a therapeutic active dose and protecting the integrity of
the skin barrier. Penetration enhancers composed of short chain fatty acids, such as
propylene glycol, are thought to integrate into the hydrophilic regions of the packed
SC lipids and increase the solubility of this domain for the permeant [41], yet at

high concentrations (above 10%) they can irritate the skin [41, 57, 58]. In contrast,
penetration enhancers composed of long chain fatty acids like oleic acid insert
themselves between the hydrophobic lipid tails to increase the fluidity of the SC lipid
bilayers [41].

2.1.4.2 Preservatives

Preservatives are essential components of water-based topical moisturiser formu-
lations and skincare products in general, as they protect products from potentially
harmful bacteria. Without preservatives, water-based products would have a very
short shelf life and would, for the most part, have to be stored at lower temperatures
[59, 60]. Parabens such as methyparaben and propylparaben are arguably the most
commonly used preservative ingredients. They have antimicrobial efficacy against
a broad spectrum of yeasts, moulds and bacteria, although they are most effec-
tive against gram-positive organisms such as S. aureus [61]. While parabens exact
mechanism of action is not well understood, it is thought to involve the disruption of
a pathogen’s cell membrane transport processes [62] and the inhibition of DNA/RNA
synthesis [63] but it is generally believed that their inhibitory effects on membrane
transport and mitochondrial functional processes are key to their antimicrobial
actions [64]. The popularity of parabens is based on several advantages when com-
pared to alternative preservatives, including their broad spectrum of antimicrobial
activity, stability over a wide temperature and pH range, low degree of systemic
toxicity, low frequency of sensitisation, sufficient water solubility, well documented
safety record and their lack of odour, taste or colour [59, 60].

2.1.4.3 pH adjusters

In addition to the chemical stability of the ingredients and the formulation itself,
pH is a crucial consideration for topical moisturisers. Not only is the absolute pH
value important, but the buffer capacity is also crucial to the skin’s natural acid
mantle. The buffer capacity describes the ability of a formulation to keep the pH value
almost constant or as close to the skin’s natural pH as possible [65, 66]. This can be
achieved by adding pH adjusters to the formulation [66]. The natural pH of the skin
surface of most parts of the body is slightly acidic and in the range of pH 4.1-5.8 [66],
a feature that can have significant impacts on how the skin reacts to the product. It is
a generally accepted fact that the use of alkaline or non pH-balanced products such as
soaps, cleansers and creams will lead to skin barrier impairment with a concomitant
pH increase in both healthy and diseased skin. The duration of this increase in skin
pH depends on skin condition, frequency of application and the composition of the
product. Therefore, every skincare product is a potential skin surface pH modifier
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and the pH of such products must be adjusted to a physiological pH during its devel-
opment [67]. Some of the most commonly used pH adjusters for topical moisturisers
include aminomethyl propanol and citric acid. Aminomethyl propanol is a syntheti-
cally produced pH adjuster that is classed as an aliphatic alcohol. It is commonly

used in topical formulations due to its safety profile when used in low concentrations
[68, 69]. Citric acid is a weak alpha hydroxy acid (AHA) that is naturally occurring in
plants and animals. The majority of citric acid comes from citrus fruits, like oranges,
lemons, grapefruit and limes. When used and applied in small amounts, it serves as
an effective pH adjuster [70].

2.2 Specialty/complimentary ingredients

The newest generation of topical moisturisers for psoriasis also routinely contains
specialty or complimentary ingredients in addition to the fundamental moisturiser
components detailed in Section 2.1. Common examples of such ingredients include:
(1) ceramides that help to replenish the deficient lipids in psoriatic skin [71], (2) the
versatile Panthenol (Pro-vitamin B5), which is a skin protectant with moisturising
and anti-inflammatory properties [72, 73] and (3) the ‘wonder molecule’ nicotin-
amide (also known as niacinamide and Vitamin B3), which is one of the most widely
used complimentary ingredients in topical moisturisers [74, 75].

2.2.1 Ceramides

Ceramides, alongside cholesterol and free fatty acids, are the predominant com-
ponents of the SC and comprise 30-40% of the SC lipid matrix by mass. They are
composed of long chain sphingoid bases (e.g., sphingosine) which are linked to long
chain free fatty acids. Incorporating the skin’s naturally occurring ceramides such
as ceramide I (ceramide EOP) and ceramide III (ceramide NP) in topical moisturis-
ers can help to improve both healthy and psoriatic skin by replacing decreased or
even depleted ceramide levels [76]. A functional SC plays an indispensable role in
ensuring the skin’s flexibility and structural integrity. The ordered alignment and
organisation of the lipid bilayers within the SC forms a closed system to prevent
TEWL in psoriatic plaques and makes the SC more impermeable. Therefore, even
a subtle change or disturbance in the amount, physicochemical characteristics
and organisation of the SC ceramides can potentially initiate and/or exacerbate
psoriasis [71, 77].

2.2.2 Panthenol

Panthenol is a biologically active component of the B vitamin-complex, which
is a basic component of the skin, hair and nails. When applied topically, Panthenol
is efficiently absorbed into the epidermis and quickly converted into pantothenic
acid, which is then converted to Acetyl Coenzyme-A (Acetyl CoA). Acetyl CoA is an
essential mediator of many biochemical reactions within skin cells, and is necessary
for optimal energy levels, barrier function, moisturisation, elasticity and strength
[72, 73]. Furthermore, Panthenol can act as both an emollient and a humectant. As
an emollient, it can help seal cracks in the skin, keeping water locked in, which in
turn contributes to skin softness and smoothness. As a humectant, it can bind to and
hold water effectively, reducing the amount of TEWL through the skin and helping it
maintain moisture, softness and elasticity [72, 73, 78].
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2.2.3 Nicotinamide

Nicotinamide, which easily penetrates the skin, is fast becoming a ubiquitous topi-
cal skincare ingredient in a range of moisturiser formulations. A number of clinical
trials [79-81] show that the concentration of topical nicotinamide products can go up
to 10%, but desired effects can be achieved with concentrations as low as 2-5% [79].
Nicotinamide provides a long list of skin care benefits with its use, including its ability
to: (1) support the skin barrier structure and function by facilitating the formation of
ceramides and keratin [74, 75]; (2) improve the skin’s tone and texture [82]; and (3)
boost the effectiveness of moisturisers in general [75]. For example, when formulated
in a combination with glycerin, a nicotinamide-containing moisturiser can very
effectively improve the integrity of the SC and thus reduce skin dryness over time
[75, 83]. In addition, nicotinamide has also been shown to have anti-inflammatory
and antioxidant properties, the latter of which may help to reduce the harmful effects
of UV radiation, photoageing and oxidative stress [84]. The appropriate concentra-
tion of topical nicotinamide for each individual may depend on their skin type and
condition, keeping in mind that in some instances, high levels of nicotinamide can
cause an allergic reaction for people susceptible to skin allergies [85].

2.3 Active ingredients

Alongside moisturisers, topical therapeutic products for psoriasis that contain
active ingredients can also utilise both the fundamental (Section 2.1) and specialty
(Section 2.2) ingredients to compliment the active component of the product or pro-
vide additional skin conditioning benefits. Common examples of actives indicated for
the management of psoriasis include corticosteroids (e.g., hydrocortisone, clobeta-
sone butyrate, mometasone furoate) (Section 2.3.1), tar-based actives (e.g., coal tar,
pine tar) (Section 2.3.2) and keratolytics (e.g., salicylic acid) (Section 2.3.3). While
these active ingredients are included to treat specific symptoms or characteristics of
psoriasis such as inflammation, itch and plaque build-up, the use of a moisturising
base can help to dramatically improve patient outcomes [6, 35]. While non-active
moisturisers containing only fundamental ingredients are an important adjuvant
therapy of classical psoriasis treatment modalities and used as supportive treatment
in relapse-free phases [6, 35, 50], a moisturising base containing a topical corticoste-
roid will be able to not only manage the inflammation associated with psoriasis but
also reduce the dryness and itch, and the accompanying scratch response that can
significantly worsen disease morbidity [86].

2.3.1 Corticosteroids

Corticosteroids play a key role in the management of psoriasis. In this context,
their mechanism of action involves the reduction of skin redness and the expression
of anti-inflammatory mediators, as well as achieving an improvement and/or clear-
ance of psoriatic plaques (Figure 4) [87]. These effects are exerted via intracellular
corticosteroid receptors, which regulate gene transcription, including several that
code for pro-inflammatory mediators. Topical corticosteroids are classified based on
their skin vasoconstrictive activity, ranging in strength (potency): (a) super potent/
ultrahigh (e.g., clobetasol propionate 0.05%); (b) high (e.g., mometasone furoate
0.1%); (c) moderate (medium) (e.g., betamethasone valerate 0.1%) [43, 86] and (d)
low (e.g., hydrocortisone 1.0%) [43]. Choosing a corticosteroid with appropriate
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INFLAMMATION & REDNESS

Figure 4.
The choice of management strategy for psoriasis is driven by the skin’s dryness and itchiness; inflammation and
redness; scaliness and thickness [6, 35, 45, 86, 87, 91, 99].

potency plus the appropriate topical formulation should be based on the disease
severity and area affected, and the patient’s preference and age [88]. Lower potency
corticosteroids such as hydrocortisone should be used on the face, intertriginous
areas, and areas that are susceptible to steroid atrophy (e.g., forearms) [88, 89]. In
adults, higher potency corticosteroids such as clobetasone butyrate and mometasone
furoate are generally recommended as initial therapy [86, 88, 90]. Areas with thick,
chronic plaques often require management with ultrahigh-potency corticosteroids.
In numerous randomised clinical trials [4, 91-94], different potency topical cortico-
steroids were effective and safe at 2 to 4 weeks in the management of mild to severe
plaque psoriasis. Evidence on the efficacy of topical corticosteroids for the manage-
ment of psoriasis varies greatly due to the differences in study designs, patient popu-
lations, corticosteroid class and concentration, adverse effects and outcomes [86].

2.3.2 Tar-based actives

Tars represent one of the first therapies developed in the history of psoriasis [87].
In fact, pine tar has probably been produced in Scandinavia since the Iron Age and
its use in medicine was first described by Hippocrates more than 2000 years ago in
ancient Greece to treat a range of skin conditions because of its soothing and anti-
septic properties [95]. Pine tar should not be confused with coal tar, which has been
produced from coal for approximately a 100 years. Today, it is available in various
formulations, from gels, to lotions and soap-free bars [96]. As an effective anti-
inflammatory, antibacterial and antifungal substance, topical pine tar has been used
in topical formulations for a long time to relieve itchiness and inflammation associated
with a range of dry, itchy, flaky or inflamed skin conditions (Figure 4), particularly
eczema and psoriasis, with minimal safety risk [96]. Furthermore, both coal tar and
wood tars such as birch and beech are also available as topical anti-psoriatic ingredients
in different topical formulations [87, 97]. Due to its inherent chemical composition
and complexity [98], the mechanism of action of coal tar is not well understood, but
it likely suppresses DNA synthesis and reduces keratinocyte proliferation. Coal tar is
often used as either a monotherapy or in combination with other management strate-
gies [87, 97]. Pine tar is thought to exert its effect by reducing DNA synthesis and
mitotic (cell division) activity, which promotes a return to normal keratin develop-
ment [96]. Tar-based formulations are indicated for the management of chronic, stable
forms of plaque-type psoriasis and scalp psoriasis, whereas their use might be limited
in sensitive areas such as around the genitals due to their irritation potential [87].
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2.3.3 Keratolytics

Keratolytics (Figure 4) such as salicylic acid are readily used as active ingredi-
ents in many topical formulations, but may have particular utility when it comes to
psoriasis as the disease is characterised by a build-up of keratinocytes on the skin.
Keratolytics promote the physiologic skin shedding process and also decrease cell-to-
cell cohesion in the SC, in effect loosening the glue that keeps keratinocytes together
[87, 99]. Salicylic acid has been shown to aid in the removal of excessive keratin in
psoriatic plaques and to produce desquamation of the SC while being safe to use and
not effecting qualitative or quantitative changes in the structure of the viable epider-
mis [100]. It is often used as either monotherapy or as part of combination therapy to
reduce the size and scale of psoriatic plaques [15, 100]. Keratolytics have proven to be
particularly effective in reducing psoriatic plaque thickness if prescribed several days
prior starting a first-line treatment (i.e., corticosteroids) for localised psoriasis or in
specific areas such as the scalp [87, 99].

3. The necessity of topical moisturiser formulation modality: lotion, gel,
cream and ointment

While the specific ingredients used in topical moisturisers or active therapeutics
containing moisturising ingredients are important to effectively manage psoriasis,
it is equally important to consider the base used to ensure that the product functions
as intended. The most common bases include lotions, gels, creams and ointments,
and each is distinguished by unique composition and properties that can have sig-
nificant impact on the cosmetic and/or therapeutic effects they exert on psoriatic
skin (Figure 5). An important initial factor to consider is the skin’s dryness. Very dry
skin will likely benefit from an occlusive ointment or cream to trap in moisture, often
at the expense of product feel (and as a result, patient compliance) whereas mild to
moderately dry skin can often be managed with a lotion or cream, which tend to be
more appealing and thus may make for a product that is more readily used. In reality,
patients often require more than one topical moisturiser formulation; a less greasy,
cosmetically-acceptable product such as a lotion or light cream for use during the
day and a heavier or greasier formulation such as an ointment or gel for night-time
use [6, 35, 36].

3.1 Combination of basic blend and tailored blend topical moisturisers for the
management of psoriasis

The commonly used topical formulation blends, either basic or tailored
(Figure 5), can provide efficacy through divergent pathways. As these formulation
blends contain a unique combination of ingredients (Section 2) they can potentially
act through different mechanisms. As a result, there is a scientific rationale for their
use in the management of psoriasis, either individually or in combination. This ratio-
nale assumes that such formulation blends are selected on the basis of their individual
mechanism of action and the biophysical effects they exert on psoriatic skin, which
may offer the possibility of synergistic efficacy as well as a reduction in the occur-
rence of cosmetic problems and side effects (Figure 6) [99].

Topical moisturiser formulation blends and topical therapeutics with moisturising
bases (Figure 5) can be used in a deliberate sequence individually or in combination
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Figure 5.

A range of basic blend and tailoved blend topical moisturiser formulations: Lotions, gels, creams and ointments,
each distinguished by its unique composition, ingredient combination, and cosmetic and/or thevapeutic effects they
exert on psoriatic skin, vesulting in a vange of skin benefits.

ACTIVE EFFICACY RELAPSE SIDE COSMETIC
RATE EFFEC PROBLEMS

BASIC BLEND MOISTURISER
Keratoytics ----
TAILORED BLEND MOISTURISER ~ Coal tar/Pine tar 2 --
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Figure 6.

Efficacy, relapse rate, side effects and cosmetic problems associated with the use of basic blend moisturisers that
contain no actives, tailoved blend moisturisers that contain actives such as keratolytics and tar-based actives (coal
tar and/or pine tar), and therapeutics with moisturising ingredients and actives such as corticosteroids in the
management of psoriasis. Scoved on a scale from zero (o) to three (3): o denotes little or no change/effect; 3 denotes
great and frequent change/effect [102].

(and even with other management options such as phototherapy and systemic medi-
cations) with the aim of achieving initial efficacy for the management of psoriasis
followed by a safe maintenance regimen. This management strategy maximises the
efficacy of each product while helping to minimise relapse rate, cosmetic problems
and long term side effects (Figure 6) [99, 101, 102].

Now, when we are familiar with a range of basic blend and tailored blend topical
moisturiser formulations and their unique composition and ingredient combination
(as explained above) (Figure 5), an example of a management strategy for psoriasis
would be as follows: first, the use of a topical therapeutic with a moisturising base
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containing a topical steroid potent enough for the severity of the disease (e.g., hydro-
cortisone for mild, mometasone furoate for moderate to severe) or pine-tar active, at
the maximum therapeutic dose, with the main aim of promptly controlling psoriasis
flare-ups accompanied by redness and inflammation. This first step can then be fol-
lowed by the use of a topical moisturiser formulation blend in which a well-tolerated
ingredient such as a keratolytic is introduced to reduce psoriatic plaque thickness and
scaling. Finally, by using a cosmetically beneficial basic topical moisturiser formula-
tion, the patient can remain indefinitely on a maintenance regimen that aims for
continuous hydration of the skin as well as improvements in skin suppleness, flexibil-
ity and strength, and the minimisation of dryness and itchiness (Figure 4).

While moisturisers are important tools in the management of psoriasis, their use
comes with some challenges such as patient perspectives [10] as described in Section
1.4, and some general and more specific concerns regarding the development, uses
and regulations of novel anti-psoriatic topical formulations [99]. These include the
following amongst many others: (1) heterogeneity in psoriatic plaque thickness,

(2) management of psoriasis in different groups of patients (e.g., elderly, pregnant
women, children, immuno-compromised patients) requires a few specific care factors
and considerations (e.g., prolonged use of topical corticosteroids may lead to thinning
of the skin in elderly patients) [10], (3) the safety and efficacy of novel moisturis-

ers when used in combination with existing and established therapies [99] and (4)
regulatory requirements and classifications of topical moisturisers, be they cosmetic
or therapeutic [103, 104].

4, Conclusions

Psoriasis is a chronic skin condition characterised primarily by dysfunctional skin
barrier integrity, dry and itchy skin, and the development of scaly plaques. Being
defined as a multifactorial skin condition caused by an interaction between various
genetic and environmental factors, psoriasis requires a 1-2-3 step-ladder combination
approach of therapeutics to treat the condition and topical moisturisers to alleviate
the symptoms.

Therapeutics like topical corticosteroids are not moisturisers themselves, but benefit
from having a moisturising base and fundamental and complimentary moisturising
ingredients. Therefore, understanding the interplay and synergism amongst different
ingredients as well as being familiar with their advantageous biophysical effects and
potential adverse effects is essential to get a range of cosmetically acceptable and/or
therapeutically stable products with desired impact on both healthy and psoriatic skin.

Topical moisturisers are a key part of psoriasis management and come in various
formulations such as lotions, gels, creams and ointments. By using such formulations
readily and frequently, the patient can remain on a daily maintenance regimen that
aims for continuous hydration of the skin as well as improvements in skin’s func-
tionality, structural strength, visual and tactile attributes as well as minimisation of
dryness and itchiness.
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Chapter 8

Developing Novel Molecular
Targeted Therapeutics for Topical
Treatment of Psoriasis

Suxing Liu, Di Li and Weikang Tao

Abstract

Psoriasis is a chronic inflammatory skin disorder. The prevalence of psoriasis is
estimated at approximately 100 million people worldwide. In mild-to-moderate, as
well as moderate-to-severe, psoriasis, 70-80% of patients start with topical agents
and continue to use them with other active therapies. This group of patients can
benefit from topical treatment with minimal systemic exposure. The expression
levels of IL-23 and IL-17 are upregulated in psoriatic skin compared with non-lesional
skin, associated with psoriasis pathogenesis. The skin epidermal proliferation and
psoriasis are caused by overactive Th17 cells, which are promoted and stabilized
by the activated IL-23 receptor, forming part of the positive feedback loop. FDA
approved biologics in IL-23/IL-17 axis (ustekinumab, guselkumab, risankizumab,
tildrakizumab, ixekizumab, secukinumab and brodalumab) demonstrated superior
clinical efficacy in the systemic treatment of moderate-to-severe psoriasis, provid-
ing the clinical proof of concept of the IL-23/IL-17 axis as a major immune pathway
underlying the pathophysiology of psoriasis. However, due to the large size and poor
permeability into skin, biologics are not suitable to deliver via topical route. Current
topical treatments of mild-to-moderate psoriasis are corticosteroids and vitamin D
analogues, which have limited efficacy with significant side effects so that patients
must avoid long-term use. This chapter reviews current molecular targeted therapeu-
tics under development for topical treatment of psoriasis.

Keywords: psoriasis, topical drug, TH17, IL-23, IL-17, small molecule inhibitor

1. Introduction

Psoriasis is a chronic immune cell-mediated inflammatory skin disease charac-
terized by the formation of scaly indurated erythema occurring most commonly on
the elbows, knees, scalp, and lower back, but any skin surface can be involved [1].
The highly visible condition greatly affects people’s quality of life that can be stig-
matizing. People with psoriasis are at an increased risk of developing other chronic
and serious health conditions. Comorbidities include psoriatic arthritis, inflamma-
tory bowel disease, hypertension, diabetes, obesity, and depression. The worldwide
prevalence of psoriasis is estimated to be 2-4%, rising up to 9.7% in Scandinavian
countries [2, 3].
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Psoriasis can be classified into mild, moderate, or severe disease according to the
Psoriasis Area and Severity Index (PASI). Treatment choices are often based on the
severity of disease: mild disease often managed with topical therapy, and moderate-
to-severe disease requiring systemic therapy for control, often with concomitant topi-
cal therapy [4-6]. Effects of systemic therapy in synergy with topical agents may help
reduce the burden and achieve better quality of life that psoriasis patients deserve. In
mild-to-moderate, as well as moderate-to-severe, psoriasis, 70-80% of patients start
with topical agents and continue to use them with other active therapies.

Currently, high-potency topical glucocorticoid and vitamin D derivatives are the
main treatments for psoriasis [7-9]. Topical glucocorticoids are effective but their
use is limited to no more than 2-8 weeks due to their long-term side effects, such
as atrophy [10]. This is particularly true in more sensitive areas, such as the face or
intertriginous areas. There are numerous reports of low satisfaction for these topical
agents [11]. Hence, there remains great unmet medical needs for developing a highly
efficacious and safe topical treatment in psoriasis.

2.1L-23/IL-17 axis is a major immune pathway in the development of
psoriasis

2.1 Psoriasis is a TH17-driven disease

In psoriatic skin, immune response is overactive. Excess amounts of cytokines
were produced, which caused prolonged inflammation and abnormal proliferation of
keratinocytes. In recent decades, genetic and immunological studies have made prog-
ress in dissecting the mechanisms of psoriasis. Psoriasis was previously thought to be
an interferon (IFN)-y-producing T helper (TH) 1-driven autoimmune inflammatory
disease [12, 13]. However, the discovery of TH17 cells shifted the view of psoriasis as
an TH17-dependent pathology rather than TH1 cells [12-14].

IFN-y is increased in serum from psoriasis patients and its mRNA is elevated in
skin lesions [15, 16]. It was hypothesized that IFNy blockade could decrease disease
activity due to the appreciation of elevated IFN-y expression in psoriasis. A neutral-
ized humanized anti-IFN-y antibody, HuZAF, was developed and tested in two small
pilot studies between 2001 and 2003 [17]. In the study that was designed to determine
the efficacy of miltidose HuZAF, of all 10 patients treated four times with 10 mg/kg
of HuZAF, only 1 patient (10%) achieved a significant clinical response. The expres-
sion of CXCL9 was significantly suppressed by HuZAF through week 12. This finding
suggests IFN-y was successfully blocked by HuZAF in these patients since CXCL9 is
heavily regulated by IFN-y. The limited clinical efficacy of IFNy blockade by HuZAF
in patients with psoriasis suggest that infiltration of TH1 cells in psoriatic plaque
likely contribute little to the pathogenesis of this disease.

The naive T cells are differentiated into TH1, TH2, TH17, or Treg cells depending on
specific cytokines released by antigen-presenting cells and T-cell receptor stimulation
and costimulation. The differentiation of TH17 cells are induced by interleukin (IL)-6,
transforming growth factor (TGF)-p, and IL-21 [18-20]. Maintenance of TH17 popula-
tion requires IL-23, a heterodimeric cytokine expressed by macrophages and dendritic
cells [21, 22]. The intracellular transcription factors RORyt and STAT3 are also critical
in the development of TH17 cells. Binding of IL-23 to IL-23 receptor (IL23R) attracts a
heterodimer of kinase JAK2 and TYK2 and induces phosphorylation of STAT3, which
enhances RORy-mediated transcription of IL-17A and IL-17F [23, 24]. TGF-p1is
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abundantly expressed in plasma and scales from psoriatic lesions and transgenic mice
that overproduce human TGF-f1 in basal keratinocytes exhibit classic signs of psoriasis
[25]. Similar observations were made with STAT3, which is overproduced in psoriasis,
and its transgenic mice also exhibit psoriasis-like phenotypes [26]. Under the regulation
of IL-23, activated TH17 cells in the skin produce high levels of IL-17, which is often
referred to as the IL-23/IL-17 axis.

2.2 IL-23 stimulates TH17 cell survival and proliferation

On developing TH17 cells, the expression of IL-23R is induced by intracellular sig-
naling through RORyt and STAT3 and extracellular TGF-1. The expression of IL-23R
then promotes responsiveness to IL-23, which is the key cytokine in the survival and
proliferation of TH17 cells [27, 28]. In psoriasis lesions, IL-23 is overproduced by
dendritic cells and keratinocytes [29-31].

The importance of IL-23 in psoriasis has been confirmed by genetic studies.
Polymorphisms in both subunits of IL-23, IL23A (p19) and IL12B (p40), and IL23R
have been reported to be associated with an increased risk of psoriasis in North
Americans, Europeans and Asians [32, 33]. A common risk haplotype of IL-23R,
proline at amino acid 310 and arginine at amino acid 381, was identified. A single
amino acid change from arginine to glutamine at amino acid 381 in IL-23R was found
to be protective against psoriasis. Interestingly, this amino acid is located at the JAK2
kinase-binding domain of IL-23R. It is likely the change to glutamine breaks the
IL-23R signaling and blocks inflammatory response induced by TH17 cell. In mouse
studies, intradermal injection of recombinant IL-23 in normal-appearing skin induces
skin inflammation and produces erythematous, thick and scaly skin with histologic
features reminiscent of psoriasis [34], and IL-23 deficient mice were resistant to
imiquimod-induced psoriasis-like inflammation [35]. Similarly, mice lacking IL-23
are resistant to experimental autoimmune encephalomyelitis (EAE) [21].

IL-23 belongs to the IL-12 family of cytokines and consists of two subunits: p19
and p40. P19 is unique for IL-23 and p40 is shared with IL-12. There are several lines
of evidence to demonstrate the central role of IL-23, but not IL-12, in the pathogen-
esis of psoriasis [14]. The high expression of p19 and p40, but not IL-12 specific p35
expression, was observed in psoriatic lesions as compared to nonlesional skin [36].
Mice lacking the p35 subunit of IL-12 (I[12a”"~) or the IL-12-respectific receptor
subunit (II12rb27"") significantly increased skin inflammation, consistent with the
observation in the EAE model of multiple sclerosis that IL-12 knockout mice led to
worsening inflammation [21, 37]. In transgenic mice, overexpression of individual
subunits of IL-23 leads to inflammation [38, 39]. Ubiquitous transgenic expression
of the IL-23 subunit p19 induced a striking phenotype characterized by multiorgan
inflammation, runting, infertility and death before 3 month of age [38]. Furthermore,
p40 transgenic mice constitutively produce IL-23 (p19/p40), but not IL-12 (p35/p40),
in basal keratinocytes by secretion of transgenic p40 with endogenous p19 [39]. p40
transgenic mice cause an inflammatory skin disease, similar to that of intradermal
injection of recombinant IL-23 in mice, confirming the provital role of IL-23, but not
IL-12, in psoriasis pathogenesis.

2.31L-17 is a central proinflammatory effector cytokine in psoriasis

IL-23 is required for autoimmune inflammation mediated by TH17 cells and
produces large amounts of IL-17 in vivo [40]. IL-23 injection into skin of wild-type
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mice induces psoriasis-like symptoms, but not in IL-17 knockout mice, and if

the wild-type mice are pre-treated with IL-17 antibody, IL-23-induced disease is
blocked, suggesting that IL-17 is downstream of IL-23 and critical role in psoriasis
pathogenesis [12].

Among six isoforms of IL-17, IL-17A and IL-17F are the most pathogenic in psoria-
sis [31]. IL-17A is often referred to as IL-17, for which the TH17 cell lineage is named.
Besides TH17 cells, a large number of other skin cells also produce IL-17, including v
T cells, af T cells, neutrophils, mast cells, ILC3s and Tc17 cells. Some production is
independent of IL-23 [12]. In psoriatic skin, IL-17 expression is higher, and the num-
ber of TH17 cells, y8 T cells, Tc17 cells were all greatly increased compared to normal
skin [30, 41]. Genes that are up-regulated in keratinocytes treated by IL-17A in vitro,
are corresponded to the genes up-regulated in psoriasis lesions, and the overlap is
bigger than that by TNF-a or IFN-y [42]. In response to IL-17, keratinocytes produce
a variety of antimicrobial peptides (AMPs) and chemokines. They induce flamma-
tion and neutrophil recruitment and lead to hyperproliferation of the epidermis and
aberrant differentiation of keratinocytes [43].

Even in nonlesional skin from psoriasis patients, expression of IL-17-downstream
genes is higher compared to normal skin, and disease severity is significantly cor-
related with levels of IL-17 and TNF-a in blood. There is also a strong correlation
between PASI scores and pathways related to IL-17 [44]. All the evidence suggests
that IL-17 is the central effector cytokine in psoriasis.

3. Clinical proof of concept of targeting the IL-23/IL-17 axis for the
treatment of plaque psoriasis

Table 1 summarizes biologics approved by the US Food and Drug Administration
(FDA) for the systemic treatment of plaque psoriasis [45-48]. These biologics
specifically target cytokines and the receptors involved in psoriasis pathogenesis.
Treatment with biologics results in a greater efficacy and better safety profile
compared to conventional systemic agents that do not target specific components of
the immune system, and demonstrates the essential role of the IL-23/IL-17 axis in
psoriasis [49, 50].

The first-generation anti-psoriatic biologics targeting cytokines focussed on
TNEF, an inflammatory cytokine implicated in psoriasis pathogenesis for a long time.
High levels of TNF and its receptors (TNFR1 and TNFR2) are expressed in psoriatic
lesional skin [51]. Four TNF blockers were approved by the FDA for psoriasis treat-
ment (Table 1). TNF inhibition showed good therapeutic efficacy. At week 24,
about 50 to 80 percent of patients reached 75% improvement in the psoriasis area
and severity index (PASI75), and 10 to 20 percent got PASI100, which means 100%
improvement [14]. Infliximab is the most efficacious TNF blocker followed by adali-
mumab and etanercept [50]. The primary mechanism of action of TNF blockers in
improvement of psoriasis treatment is most likely due to its indirect effect on IL-23/
IL-17 signaling pathway. The therapeutic effects of TNF blockade are observed to be
associated with a strong reduction of IL-17-dependent genes [52]. In addition, TNF
induces IL-23 expression in keratinocytes [53]. The exact roles of TNF in the patho-
genesis of psoriasis are not yet completely understood.

Nevertheless, TNF is a versatile cytokine that not only involves inflammatory
immune responses, but also contributes to cell death, cell cycling and tissue remodel-
ing [54]. TNF blockers are well-known associated risk factors of serious infections,
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Drug Class Target Therapeutic Year of Dose and Other
molecule Agent (Trade FDA Administration Indications
name) approval
TNF blocker TNF Etanercept 2004 50 mg twice weekly RA; JIA; PsA; AS
(biologics) (Enbrel®) for 3 months, followed
by 50 mg once weekly;
S.C. injection
Infliximab 2006 5 mg/kg at weeks 0, RA; PsA; AS;
(Remicade®) 2, 6 followed by 5 mg/ CDh; UC
kg every 8 weeks; [V.
infusion
Adalimumab 2008 80 mg onday 1 RA; JIA; PsA;
(Humira®) followed by 40 mg AS; CD; UC; HS;
every other week; S.C. Uveitis
injection
Certolizumab pegol 2018 400 mg every other RA; PsA; AS;
(Cimzia®) week; S.C. injection CD; non-radio
-graphic AS
IL-12/23 1L-12/23 Ustekinumab 2009 45 mg or 90 mg at PsA; CD; UC
antagonist p40 (Stelara®) weeks 0, 4, followed by
(biologics) 45 mg or 90 mg every
12 weeks; S.C. injection
IL-17 IL-17A Secukinumab 2015 300 mg at weeks 0, PsA; AS; non-
antagonist (Cosentyx®) 1,2, 3, 4, followed by radio -graphic
(biologics) 300 mg every 4 weeks; AS
S.C. injection
Ixekizumab 2016 160 mg at week 0; PsA; AS; non-
(Taltz®) 80 mg every 2 weeks radiographic AS
for 3 months, followed
by 80 mg every
4 weeks; S.C. injection
IL-17RA Brodalumab 2017 210 mg at weeks 0, 1, none
(Silig®-US; 2, followed by 210 mg
Kyntheum®- every 2 weeks; S.C.
Europe) injection
IL-23 1L-23 p19 Guselkumab 2017 100 mg at weeks 0, 4, PsA
antagonist (Tremfya®) followed by 100 mg
(biologics) every 8 weeks; S.C.
injection
Tildrakizumab 2018 100 mg at weeks 0, 4, none
(Tlumya™) followed by 100 mg
every 12 weeks; S.C.
injection
Risankizumab 2019 150 mg at weeks 0, 4, none
(Skyrizi™) followed by 150 mg
every 12 weeks; S.C.
injection

TNF = tumor necvosis factor; IL = interleukin; S.C. = subcutaneous; LV. = intravenous; RA = rheumatoid arthritis;
JIA = juvenile idiopathic arthritis; PsA = psoriatic arthritis; AS = ankylosing spondylitis; CD = crohn’s disease;
UC = ulcerative colitis; HS = hidradenitis suppurativa.

Table 1.

FDA approved biologics for systemic treatment of moderate-to-severe plaque psoriasis.
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such as lower respiratory tract and skin and soft tissue infections like pneumonia

and cellulitis [55]. After initial treatment of around 2 weeks, 2% ~ 5% of the patients
developed paradoxical psoriasis: new lesions developed or the existing lesions got
worse [54]. This side effect also happened when TNF blockers were used to treat other
autoimmune diseases, including Crohn’s disease and rheumatoid arthritis [53, 56].

It has been reported that IL-17A expression was strong in skin lesions from patients
who had paradoxical psoriasis and needed other therapy [57]. This suggests that
under some conditions, IL-17 is not down-regulated while blocking TNFa so that skin
lesions continue to develop.

After TNF blockers, biologics that directly target the IL-23/IL-17 axis have been
developed. The second-generation monoclonal antibody, ustekinumab, is targeting
the subunit p40 common to IL-12 and IL-23, blocking signaling of their cognate
receptors that induce a nonspecific inhibition of TH1 and TH17 [58, 59]. Ustekinumab
has efficacy similar to TNFa inhibitors. It is better than etanercept, but not as good as
infliximab. Ustekinumab received FDA approval for the treatment of moderate-to-
severe psoriasis in 2009 (Table1).

IL-17 is a central proinflammatory effector cytokine downstream of IL-23 and impli-
cated in the pathogenesis of psoriasis. The third-generation monoclonal antibodies that
neutralize IL-17 became available for the treatment of psoriasis (Table 1). Secukinumab
and ixekizumab are human monoclonal antibodies against IL-17A. Brodalumab is block-
ing IL-17RA, which is the receptor for IL-17A, IL-17C, IL-17E, IL-17F and IL-17 A/F
heterodimers. As IL-17A, IL-17C and IL-17F are all up-regulated in psoriatic skin [31],
it is likely that brodalumab would have a better effect. In a study that brodalumab was
given to patients who experienced unsuccessful treatment with either secukinumab or
ixekizumab, PASI75, PASI90 and PASI100 scores were achieved in 69%, 44% and 28%
of patients [60]. In phase III trials, 30-60% of patients treated with IL-17 antagonists
reached PASI100 [61-65]. The superior efficacy of IL-17 blockade over neutralizing
IL-12/IL23 and blocking TNF has been demonstrated in head-to-head clinical trials of
brodalumab versus ustekinumab [62] and ixekizumab versus etanercept [61, 62].

The most common adverse effects of IL-17 antagonists are nasopharyngitis, upper
respiratory tract infections, mucocutaneous candidiasis, transient neutropenia and
injection site reactions. Mucocutaneous candidiasis observed by IL-17 inhibition or
inborn genetic errors of IL-17 gene [66] suggests the innate, protective role of IL-17
against microbial pathogens on the skin. There is a black box warning for brodalumab
due to the results from AMAGINE 1 and 2, where four patients committed suicide
during the treatment period [64, 65].

IL-23 is known as the master regulator of TH17 cells. A fourth-generation of
monoclonal antibodies against p19 subunits of IL-23, guselkumab, tildrakizumab
and risankizumab, have been approved for treatment of moderate-to-severe psoriasis
(Table1). In contrast to ustekinumab, these biologics target IL-23 by neutralizing
the p19 subunit without disrupting the IL-12 signaling pathway. Selectively targeting
IL-23p19 provides better efficacy than ustekinumab [50]. IL-23 antagonists can reach
a PASI90 in more than 50% of patients, confirming the provital role of IL-23 in the
pathogenesis of psoriasis [67-69].

The head-to-head trial of guselkumab versus ustekinumab demonstrates supe-
riority of selectively targeting p19 subunit of IL-23 among patients who had an
inadequate response to ustekinumab with similar types of safety profiles [70]. As
demonstrated by clinical trial outcomes, double blockade of IL-12 and IL-23 with
ustekinumab resulted in lesser disease improvement versus single blockade of IL-23,
confirming IL-23, but not IL-12, is a major player in psoriasis.
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In addition, IL-23p19 antagonists exhibit significantly higher efficacy compared
to all tested TNF blockers while maintaining a favorable safety profile [69, 71]. For
example, guselkumab was superior (p < 0.001) to adalimumab for PASI90 response
at week 48 (76.3% versus 47.9%), respectively. Compared with IL-17 antagonists,
guselkumab exhibits a longer duration of therapeutic effect in patients with psoriasis
[69]. This is probably because IL-23 is a key driver of TH17 cell differentiation and
survival, and an upstream regulator of IL-17A. IL-17 producing cells are dependent on
IL-23 for survival. IL-23 stimulates production of not only IL-17, but also other TH17
cytokines (for example, IL-22) by other immune cell types, including y3 T cells.

The most common adverse events with the use of guselkumab and tildrakizumab
are nasopharyngitis, upper respiratory tract infections, and headaches [67-69]. In
contrast to IL-17 antagonists, the rate of mucocutaneous candidiasis was infrequent
and comparable to healthy control subjects.

In conclusion, clinical outcomes of these biologics targeting IL-23p19 and IL17
are a strong argument for the IL-23/IL-17 axis in driving disease pathology. These
molecular targeted therapies not only remarkably alleviate symptoms but also provide
a deep understanding of the molecular mechanism of psoriatic disease.

4. New targeted therapeutics in development for topical treatment of
psoriasis

Targeting a spectrum of inflammatory mediators involved in the pathogenesis of
psoriasis will ensure a favorable safety profile and limited side effects. As discussed
above, biological treatment, along with evolving systemic therapy, has revolutionized
severe psoriasis management. Development of new and effective biologics has made
much progress in our understanding of psoriasis immunopathology. Topical therapy
implies good compliance for the psoriatic patients, few adverse systemic reactions as
compared to systemic medications. However, biologics targeting proinflammatory
cytokines are not suitable for topical route delivery due to the large size and poor
permeability into skin. Small molecules targeting intracellular signaling pathway
have some advantages over biologic agents, particularly the possibility of topical
administration, lack of immunogenicity, the simplified synthesis processes, low-cost
production, placing these drugs in a very attractive position for future drug discovery
and development in topical treatment of psoriasis. New topical targeted therapeutics
undergoing efficacy and safety studies are summarized in Table 2 based on the
information available from the website of ClinicalTrials.gov [72].

4.1 RORY antagonists

RORyt is a master transcription factor of TH17 cells, which activates the transcrip-
tion of IL-23 receptor gene as well as pro-inflammatory cytokines such as IL-17A,
IL-17F, IL-21, and IL-22, and enhances the inflammatory process. Clinical success
of biologics in the IL23/IL17 axis suggests that inhibiting RORy could be an effective
alternative therapy for psoriasis.

Vitae Pharmaceuticals (acquired by Allergan, later by Abbvie) developed an
orally active RORyt antagonist VTP-43742 for the treatment of autoimmune diseases,
including psoriasis through suppression of IL-17A production and down-regulation
of the IL-23 receptor [73]. VTP-43742 with high systemic exposure demonstrated a
clear signal of efficacy over a short four-week period from a Phase 2a clinical trial

169



Psoriasis - New Research

DrugClass  Target Agent/company Administration ~ Highest Status
molecule clinical
trial stage
RORy RORy GSK2981278 / Topical Phase 1/2 Completed (May
antagonist Glaxosmithkline 2017)
(srr;all le) ESR-114 /Escalier Topical Phase 1/2 Completed (June
molecule Biosciences BV. 2019)
JAK pan-JAKs Tofacitinib Topical Phase 2 Completed
inhibitor (CP-690550)/Pfizer (Jul 2009)
(small (Nov 2011)
molecule) (Sept 2014)
JAK1/2 Ruxolitinib Topical Phase 2 Completed
(Opzelura™)/Incyte (Apr2009)
(Apr2009)
(May 2009)
CT327/Creabilis SA Topical Phase 2 Completed
(Jan 2011)
(Sept 2012)
TYK2/JAK1  PF-06700841/Pfizer Topical Phase 2 Completed
(Apr 20, 2021)
DNMT DNMTs DUR-928/Durect Topical Phase 2 Completed (May
Inhibitor 20, 2020)
(small
molecule)
PDE4 PDE4 AN-2728 (crisaborole)/  Topical Phase 2 Completed
inhibitor Pfizer (Mar 2008)
(small (Dec2008)
molecule) (June 2010)
(June 2011)
ARQ-151 Topical Phase 3 Completed
(roflumilast)/Arcutis (Nov 2020)
Biotherapeutics, Inc. (Est. Dec2022)
AhRagonist ~ AhR GSK2894512 Topical Phase 3 Withdrawn (Sept
(small (Tapinarof, 2018)
molecule) WBI-1001)/ (The decision isa
Glaxosmithkline business decision
based on the need
to prioritize and
focus resources
within GSK)
Tapinarof (WBI-1001,  Topical Phase 3 Completed (May
GSK2894512, DMVT- 2020); FDA
505)/Dermavant acceptance of
Sciences NDA for Tapinarof

in plaque psoriasis

DNMT = DNA methyltransferase; PDE4 = phosphodiesterase-4; AhR = aryl hydrocarbon receptor.

Table 2.

New targeted therapeutics under clinical trials for topical treatment of plaque psoriasis.

in psoriatic patients [74]. It provides a proof of concept of RORy antagonists for the
treatment of psoriasis, consistent with the clinical success of biologics in the IL23/

IL17 axis.
170



Developing Novel Molecular Tavgeted Thevapeutics for Topical Treatment of Psoriasis
DOI: http://dx.doi.org/10.5772/intechopen.102725

Nevertheless, two drug candidates terminated their clinical trials due to potential
safety liability. Four patients in the 700 mg VTP-43742 dose group showed reversible
transaminase elevations, which led the company to terminate the development of
VTP-43742. In addition, Takeda Pharmaceutical Company terminated a phase 1 trial
of oral RORy antagonist TAK828 for evaluation of the safety, tolerability, pharmaco-
kinetics, and pharmacodynamics of escalating multiple doses in healthy volunteers in
the United states (NCT02817516). The decision was based on critical non-monitorable
toxicology findings in both monkeys and rats, combined with the potential for
teratogenicity in humans [75].

RORy has two isoforms, RORy1 and RORy2 (most commonly referred to as
RORyt) [76]. RORyt is a differentially spliced isoform of RORy1, 19 amino acids
shorter at N-terminus. The biochemical assay for evaluation of the compounds
using LBD of the receptor will result in pan-RORy antagonists. RORyt is exclusively
expressed in a few distinct cell types of the immune system, including Th17, Tc17, y8 T
cells and regulatory T cells [43, 77-80] whereas, RORy1 exhibits oscillatory expression
in liver, brown adipose tissue, and kidney [76, 81]. Systemic exposure of the Pan-
RORy antagonists may have off-target effects against the not-intended target, RORy1,
during the treatment of the diseases. In addition, a mouse genetics study indicated
that 50% of embryonic RORy deficient mice developed T-cell lymphoma [82].
Lymphoma was also observed in adult RORy knockout mice with immune systems
intact [83]. The phenotypes of RORy knockout mice cause concerns of the conse-
quences of systemic treatment of RORy antagonists in the patients with psoriasis.

Developing RORy antagonists with the skin-restricted exposure may alleviate the
safety risk of systemic exposure while still maintaining similar efficacy as biologics in
the IL-23/IL17 pathway, and may provide a new option as topical targeted therapeu-
tics for psoriasis patients. Phase 1 trial of topical RORy antagonist GSK2981278 for the
treatment of psoriasis was not advanced further (Table 2) [84]. 0.03%, 0.1%, 0.8%
and 4% GSK2981278 ointments were used in the tria, respectively. Across all doses,
infiltrate thickness was not altered. Biomarker results did not support that the target
was engaged. Although GSK2981278 was shown i vitro as a highly potent and selec-
tive antagonist of RORYy, the limited in vivo efficacy in reduction of epithermal thick-
ness (23% reduction vs. placebo with imiquimod (IMQ) control at 1% GSK2981278
ointment) was observed in IMQ-induced mouse psoriasis-like inflammation model
[85]. The skin exposure of GSK2981278 was not disclosed while its systemic exposure
in mouse serum was relatively low [85]. It is speculated that insufficient drug expo-
sure at the target site might be one of the reasons for its lacking efficacy in phase 1
trial [84].

More effort was then focused on developing RORy antagonists in restricted
exposure and prolonged action at the skin while being rapidly eliminated from the
systemic circulation for topical therapy in psoriasis. ESR114 topical gel is a selective,
potent inhibitor of RORy designed to have its pharmacological activity targeted to the
skin with minimal systemic absorption [86]. In 2019, Escalier Biosciences completed
a phase I/II trial evaluating ESR-114 topical gel in patients with mild-to-moderate
psoriasis in USA and Canada (NCT03630939, Table 2). Nevertheless, no trial results
were disclosed yet. In addition, it was reported that a novel series of benzimidazole
with RORy antagonistic activity, SHR168442, was developed with desirable skin-
restricted PK properties for a topical drug [87]. SHR168442 suppressed the IL-17 gene
transcription, and reduced IL-17 cytokine secretion, and, more importantly, achieved
skin-restricted exposure suitable for topical delivery. In the IMQ-induced and IL-23-
induced psoriasis-like skin inflammation mouse models, SHR168442 ointment
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exhibited excellent efficacy, which correlated with the reduction of Th17 pathway
cytokines, IL-17A, IL-6 and TNFa. This novel RORy antagonist may represent a new
option as topical targeted therapeutics for mild to moderate psoriasis patients. Results
from further clinical evaluation of this specific mechanism for the treatment of mild
to moderate psoriasis are highly anticipated.

4.2 JAK inhibitors

The Janus kinase-signal transducer and activator of transcription (JAK-STAT)
pathway plays a crucial role in intracellular signaling of cytokine of many cellular
processes, important in both normal and pathological states of immune-mediated
inflammatory diseases [88]. There are four different types of JAK proteins: JAK1,
JAK2, JAK3 and TYK?2. The IL-23 receptor relies on a heterodimer of JAK2 and TYK2
for signal transduction, thus highlighting the role of JAKs in the pathogenesis of
psoriasis and the therapeutic potential of JAK inhibitors in psoriasis. TYK2-deficient
mice, as compared to wild-type mice, exhibit significantly reduced ear swelling and
less epidermal hyperplasia when injected with IL-23 [89, 90]. In the absence of TYK?2,
the production of IL-17 and IL-22 and skin infiltration of various immune cells were
also impaired. Taken together with the clinical success of biologics blocking either
IL-23 or IL-17 signaling (Table 1), these results suggest the great potential for JAK
inhibitors and, especially, for TYK2 inhibitors in the treatment of psoriasis.

JAK inhibitors are already on the market for rheumatoid arthritis, psoriatic arthri-
tis, and ulcerative colitis [24]. JAK inhibitors have been tested as potential treatments
for psoriasis. The first generation of JAK inhibitors target multiple members of the
JAK family and thus display a broader effect but also present more side effects. Many
JAK inhibitors tested for oral treatment of psoriasis have only been examined in phase
II trials except tofacitinib (reached phase III). It is doubtful that they will be tested
further. In recent years, selective TYK2 inhibitors have been developed, and several
phase III trials are in progress. The highly selective TYK2 inhibitor BMS-986165 has
shown high efficacy toward psoriasis, confirming the important role of the IL-23/
IL-17 axis in pathogenesis of psoriasis [91]. Several JAK inhibitors with different
selectivity spectrums are under clinical development for the topical treatment of
psoriasis (Table 2).

Tofacitinib (pan-JAK inhibitor) has been approved for the treatment of psoriatic
arthritis, but not of psoriasis. Oral tofacitinib has been tested in phase III for psoriasis.
Although tofacitinib shows a favorable clinical effect on plaque psoriasis symptoms,
herpes zoster occurs during tofacitinib treatment, especially in Asian populations
including the Japanese [48]. In phase 2b trial, the ointment formulation of tofacitinib
was found to have no considerable effect at week 12 in comparison to that of the
vehicle [92].

Ruxolitinib is a selective JAK1 and JAK?2 inhibitor that inhibits various cytokines
involved in the signaling of TH1 and TH17 pathways, including IL-12, IL-23 and IFNy,
which are associated with psoriasis. Its cream formulation has been approved by FDA
for the treatment of atopic dermatitis, but not of psoriasis [93]. In phase II studies,
ruxolitinib was studied as a topical ointment for mild-to-moderate psoriasis (Table 2). In
an open phase 2 study conducted with 28 patients, a greater reduction in lesion severity
score was observed for topical ruxolitinib as compared with vehicle and with calcipotri-
ene [94]. The systemic absorption of the product was minimal. In a subsequent phase IIb,
double-blind, randomed, vehicle-controlled study, 200 patients with mild-to-moderate
chronic plaque psoriasis were treated with topical ruxolitinib for 3 months and the results
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indicated the mean PASI improvement was 40% compared with placebo [95]. Both
studies reported the main adverse event was local irritation, which was more frequent in
patients treated with placebo. To date, no phase III study of ruxolitinib in psoriasis has
begun yet.

PF-06700841 is a potent dual inhibitor of TYK2 and JAK1, which was shown to
be safe and well tolerated in the oral treatment at doses up to 200 mg once daily in a
phase I clinical trial [96]. No other clinical trials with oral PF-06700841 in psoriasis
are now ongoing. A phase IIb study of topical application of PF-06700841 cream
involving patients with mild-to-moderate psoriasis (NCT03850483) was recently
completed (April 20, 2021). The trial results are not yet available.

4.3 DNMT inhibitors

DUR-928 is an endogenous sulfated oxysterol that acts as an epigenetic regulator
[97]. It binds to and inhibits the activity of DNMTs, DNMT-1, 3a and 3b, inhibiting
DNA methylation, and thereby modulating the expression of the genes associated
with stress response, lipid biosynthesis and cell death. Improvement of cell survival
and reduction of lipotoxicity and inflammation by DUR-928 were observed in animal
models and from DURECTs clinical trials in alcohol-associated hepatitis (AH) and
nonalcoholic steatohepatitis (NASH). The rationale of topical application of DUR-928
in psoriasis is not clear. A phase IIb study of topical application of DUR-928 topical
solution in patients with mild-to-moderate psoriasis (NCT03837743) was completed
on August 20, 2020 (Table 2). The trial results are not yet disclosed.

4.4 PDE4 inhibitors

The oral phosphodiesterase-4 (PDE4) inhibitor apremilast was approved for the
treatment of moderate to severe plaque psoriasis [98]. However, apremilast has only
modest efficacy with PASI75 rates clearly lower than biologics. Inhibition of PDE4
indirectly down regulates immune modulators, including TNFa, IFNy, IL-17 and
IL-23 [99]. Due to the potential adverse events associated with oral administration,
the topical PDE4 inhibitors, crisaborole and roflumilast, are being investigated as an
alternative treatment of psoriasis aiming to avoid systemic adverse effects (Table 2).

AN-2728 (crisaborole) ointment has been approved for the treatment of atopic
dermatitis [100]. AN-2728 is a newer generation of PDE4 inhibitors [101]. Its binding
mode to the catalytic site of PDE4 is distinct from traditional PDE4 inhibitors and can
reduce pro-inflammatory cytokines TNFa, IL-2, IFNy, and IL-5. In phase 2 studies
to treat mild-to-moderate plaque-type psoriasis, AN-2728 ointment showed modest
efficacy (40% of patients achieved a > 2 grade improvement as assessed by the overall
target Plaque Severity Score) [102]. Most adverse effects were mild to moderate.

The oral PDE4 inhibitor roflumilast has been approved by FDA for the treatment
of chronic obstructive pulmonary disease (COPD) exacerbation since 2011 [103]. The
topical roflumilast, in a high-water-content moisturizing cream base vehicle con-
taining the cosmetic solvent ethoxydiglycol, is being investigated for the treatment
of plaque psoriasis [104]. Its inhibitor affinity (ICsy values) is 25 to 300 folds more
potent than either apremilast or crisaborole depending on PDE4 isoform analyzed
[105]. In the phase 2b trial, approximately 85% of the enrolled patients had moderate-
to-severe psoriasis and a generally similar percentage of patients in the roflumilast
0.3% group (31%) met the criterion for the PASI75 response at week 8 although
differences in trial design do not allow to make direct comparisons [104, 105].
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Oral apremilast has been associated with gastrointestinal adverse events of diarrhea
and nausea, whereas topical roflumilast cream was associated with less than 1% of
each of these events in this phase 2b trial. This may be a result of topical administra-
tion bypassing the gastrointestinal tract. Longer and larger trials are in progress to
determine the durability and safety of roflumilast in psoriasis (Table 2).

4.5 AhR agonists

Tapinarof (also known as WBI-1001, GSK2894512, DMVT-505) is a naturally
derived small molecule produced by bacterial symbionts of entomopathogenic nema-
todes [106]. Broad cellular profiling of tapinatof identified aryl hydrocarbon receptor
(AhR) as a primary target [107]. Tapinarof activates the AhR pathway through direct
binding. It was reported that AhR activation can modify transcriptional regulation of
the immune system and, specifically, affect the differentiation of Th17 and Treg cells
[108]. Tapinarof has been shown to inhibit IL-17A message expression by approxi-
mately 50% and robustly increase IL-22 levels [107]. Furthermore, 1% tapinarof
cream can reduce imiquimod (IMQ )-induced skin inflammation and suppress IMQ-
induced IL-17A and IL-17F gene expression in AhR-sufficient, but not AhR-deficient
mice.

Topical 1.0% tapinarof met its primary endpoint in patients with mild-to-moder-
ate psoriasis from a randomized double-blind placebo-controlled phase II trial [109].
The improvement in PGA at week 12 was 62.8% for patients randomized to tapinarof
when compared with 13.0% for patients randomized to placebo (p < 0.0001). The
adverse events observed in patients treated with tapinarof were all mild to moderate
in intensity.

In 2018, GlaxoSmithKline (GSK) withdrew its phase III trial of tapinarof
(GSK2894512) and sold mostly global rights of its Phase III-bound psoriasis candidate
tapinarof to Dermavant Sciences [110]. On 9/30/2021, Dermavant Sciences disclosed
final results from Phase III PSOARING 3 long-term extension study of tapinarof, a
1.0% once a daily, in patients with plaque psoriasis [111]. 58.2% (302/519) of patients
with a PGA score > 2 achieved a PGA score of 0 or 1. Moreover, 40.9% (312/763) of
all patients achieved complete disease clearance (PGA score of 0). Those results dem-
onstrate tapinarof’s continued improvement in efficacy beyond the 12-week pivotal
studies. Treatment-emergent adverse events (TEAEs) were mostly mild to moderate,
at application sites, and associated with a low discontinuation rate (5.4%). Incidence
and severity of folliculitis and contact dermatitis remained stable with long-term use
(up to 52 weeks) and were associated with low discontinuation rates (1.2% and 1.4%,
respectively). The FDA accepted the New Drug Application submitted in May 2021,
and assigned a Prescription Drug User Fee Act target action date in the second quarter
of 2022.

5. Conclusion

A rapidly growing body of literature suggests that the IL-23/IL-17 axis is the major
pathway that drives the chronic inflammation underlying psoriasis pathophysiology.
The recent years have witnessed that superior clinical efficacy of IL-23/IL-17 pathway
biologics in the systemic treatment of psoriasis brings to a major paradigm shift for
the management of moderate-to-severe psoriasis. Nevertheless, lack of molecular
targeted therapies remains for topical treatment of psoriasis.
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With the rapid development of small molecule drugs for the topical treatment of
psoriasis, molecular targeted therapies in the IL-23/IL17 axis have the potential to
ascertain their role as effective and safe therapy. Although tapinarof and roflumilast
are promising therapies in topical treatment of psoriasis, there are still considerable
challenges in topical treatment. Many other topical therapeutic agents hold promise
and warrant further investigation. Limitations of this chapter include a paucity of
randomized controlled clinical trials for topical agents in the treatment of psoriasis,
especially for most agents with none or only preliminary data available. Some studies
report on a limited duration and a limited number of participants challenging gen-
eralizability to the clinic population. Much work is still required for the next break-
through in the discovery of novel effective and safe topical therapy for psoriasis.
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