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Preface

Systemic lupus erythematosus (SLE) is a multisystem, immune-mediated,
inflammatory disease of unknown etiology. Lupus has always featured a broad
spectrum of disease-related manifestations that pose significant challenges to
successful intervention.

This book presents scientific updates in specific clinical situations to provide
meaningful insight into effective control strategies for SLE in rheumatology
practice. Chapter authors provide comprehensive information on difficult-to-treat
disease-related problems and their evidence-based lines of management. The book
begins with a brief guide to diagnosing disease with a vast array of heterogeneous
manifestations and mimics. The next section provides an update on lupus kidney
disease. Considering the frequency and burden of lupus renal disease, the authors
provide a full section on updates in the diagnosis and therapy of lupus nephritis.
The next section focuses on endocrinopathies in lupus followed by a section on
lupus and pregnancy. The final section examines advances in disease-targeted
therapy as well as current and future perspectives.

To my husband Hesham, daughter Maya, and son Karim, who have always inspired
and encouraged me not to give up on my dreams.

Reem Hamdy A. Mohammed

Professor of Rheumatology and Clinical Immunology,
Department of Rheumatology and Rehabilitation,
School of Medicine,

Cairo University,

Cairo, Egypt
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Chapter1
Don’t Miss Lupus

Stephen Soloway

Abstract

Chapter for Lupus Book Systemic lupus erythematosus is a well-recognized
multi-system disease. Hallmarks of the disorder include the prevalence of anti-
nuclear antibodies (ANA) and double stranded antibodies (DNA). The disease
often presents with lupus rashes and/or arthritis or arthralgias. Lupus is “the great
imitator,” as no organ system is excluded, when diagnosing and treating a lupus
patient. While lupus remains evasive in novel therapies with true benefit; one issue
has been consistent, in that the preponderance of the evidence thus far, leads to B
cell dysfunction. More recently Belimumab was indicated for use in lupus patients.
This is a BLyS-Specific inhibitor (B lymphocyte stimulator) medication. At this
time, I would like to focus on lupus in a manner that you are not used to hearing.
Typically, any practitioner who approaches a patient with a plethora of symptoms,
would order blood tests, and conclude a diagnosis of lupus. In this chapter, I will
point out and focus on the need to think “outside the box” and perhaps consider
lupus as simply one of various other scenarios.

Keywords: lupus, Sjogren’s, Raynaud’s, ANA, DNA, DRV VT

1. Introduction
1.1 Hallmarks of systemic lupus erythematosus

Systemic lupus erythematosus is a well-recognized multi-system disease [1].

Hallmarks of the disorder include the prevalence of antinuclear antibodies
(ANA) and double stranded antibodies (DNA). The disease often presents with
rashes and/or arthritis or arthralgias. Lupus is “the great imitator,” as no organ
system is excluded, when diagnosing and treating a lupus patient.

1.2 Most recent development for lupus treatment

While lupus remains evasive in novel therapies with true benefit; one issue has
been consistent, in that the preponderance of the evidence thus far, leads to B cell
dysfunction. More recently Belimumab was indicated for use in lupus patients,
which is an immunomodulator B-Lymphocyte Stimulator (BLyS)-Specific Inhibitor.
This drug was approved by the Food and Drug Administration (FDA) for use in
lupus patients in 2011 [2]. The majority of patients afflicted with lupus, autoreactive
B-cells remain in the body longer than necessary. Belimumab binds to BLyS, causing
it to no longer bind to and stimulate the autoreactive B cell.

Information recently discussed at the ACR2020, provides evidence of
Belimumab standard therapy ameliorating the outcome for patients with active
renal lupus. A combination of Belimumab, with either mycophenolate mofetil or
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Azathioprine, was shown to be more effective than either of these therapies alone.
While studies are not yet conclusive, a combination of Belimumab with cyclophos-
phamide, posed no higher risk than cyclophosphamide alone. This combination in a
class IV nephritis group exceeded those who received cyclophosphamide alone [3].
Anifrolumab, an interleukin-1 inhibitor, was not shown to be effective in sys-
temic lupus, it did show promise in TULIP-1 and 2 and skin lesions related to lupus.
Anifrolumab’s effect on non-skin lupus disease activity however, was nominal [4].

2. A rheum with a different view

In this section, lupus will be discussed pragmatically. Most practitioners are
unaccustomed to viewing disease features from a rheumatologic standpoint.
Typically, the practitioner that approaches a patient with a plethora of symptoms,
would order blood tests, and conclude a diagnosis of lupus; however, in this part
of the chapter, we will discuss the need to focus “outside the box” and perhaps
consider lupus as simply one of various other scenarios.

2.1Finding evidence of lupus

Features of lupus considered in the differential diagnoses of other conditions
include rashes, arthritis, renal disease (glomerular or tubular), Raynaud’s phenom-
enon, sicca syndrome and muscle weakness. The differential diagnoses for these
features often include lymphoma, sarcoidosis, phospholipid antibody syndrome,
rheumatoid arthritis, inflammatory myopathy, Sjogren’s syndrome, IgG4-related
disease and scleroderma.

A lupus rash, seen with or without vasculitis, typically small vessel-showing leu-
kocytoclastic vasculitis, is seen at the dermal/epidermal junction with immunofluo-
rescence positive for IgG and complements [5]. Small vessel vasculitis is responsible
for much of the severe abdominal pain seen in lupus patients.

Arthritis of lupus is inflammatory but not erosive. Differential diagnoses would
include rheumatoid arthritis, gout, or psoriatic arthritis. Rheumatoid arthritis,
psoriatic arthritis, scleroderma, sarcoid and gout are all destructive arthritic
diseases [6].

Renal pathology is often noted due to blood or protein in the urine. It may be
diagnosed by a decrease in renal function, which is differentiated on biopsy. Lupus
tends to involve glomerulus with a “full house” pattern on immunofluorescent
staining (i.e., presence of glomerular deposits that stain for IgG, IgM, IgA, C3
and C1q). This is the only organ finding to satisfy the SLICC criteria on its own in
patients with systemic lupus. IgG and complements would be suggestive of lupus
nephritis in a patient with proliferative glomerulonephritis. This may be focal,
diffuse or pure membranous nephropathy [7]. A patient with pure membranous
disease, high double stranded DNA and low complements often do not apply.
Proliferative lesions are often seen in the face of rising double stranded DNA
and consumption of complement levels. These levels are not subject to change in
Sjogren’s, scleroderma, sarcoid, or IgG4-related disease. (IgG4-related disease is
unique, as both tubulointerstitial diseases occur simultaneously with glomerular
disease). ANCA vasculitis shows pauci-immune deposits [8], while sarcoid-
osis would show granulomas without positive stain for immunofluorescence.
Goodpasture syndrome will show anti-GBM antibodies [9]. Sjogren’s syndrome
will show renal tubular acidosis, and only rarely, glomerular disease [10]. Most
cases of tubulointerstitial nephritis are drug-induced, and may be caused by
medications, such as antibiotics medications, NSAIDs, proton pump inhibitors,
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and immune-checkpoint inhibitors [11]. Uncommonly, NSAIDs may cause a
combination of interstitial nephritis and nephrotic syndrome. Infections (i.e., legi-
onella or Mycobacterium tuberculosis infection), may lead to a diagnosis of tubu-
lointerstitial nephritis; however, autoimmune diseases, such as systemic lupus,
sarcoidosis, Sjogren’s syndrome, and uveitis syndrome, are also proven to cause
tubulointerstitial nephritis [12]. Approximately 10-20% of patients diagnosed
with lupus nephritis, have isolated lupus membranous nephropathy (class V), with
no associated proliferative lesion present [13]. In patients with lupus nephritis,
tubulointerstitial interstitial nephritis may accompany glomerular lesions, which
is a risk factor for a poor outlook [14]. The IgG4 is a diagnostic differential and
reveals tubulointerstitial nephritis, repeatedly associated with hypocomplement-
emia and hypodense nodular lesions, which can be seen on contrast-enhanced
computerized tomography [15]. Tissue eosinophilia and deposits in the tubular
basement membrane are often present, in addition to the distinctive pathological
features of the disease [16].

Pulmonary renal syndromes can be seen in a very similar fashion, adding that
lupus may present with acute glomerulonephritis, proliferative in nature, in addi-
tion to concurrent alveolar hemorrhage or diffuse interstitial infiltrates [17]. This
pattern of disease seen in ANCA vasculitis is predominantly granulomatous poly-
angiitis, microscopic polyangiitis, and cryoglobulinemia, which is associated with
hepatitis C infection [18].

Oral and ocular dryness, with or without uveitis, are features of lupus [19].
Uveitis is frequently seen in sarcoidosis and described in IgG4-related disease and
HLA-B27-related conditions, while corneal-related disease has a differential diagno-
sis in rheumatoid arthritis, myopathy, and phospholipid antibody syndrome.

Primary muscle weakness while in lupus, [20] is part of a differential diagnoses
that includes polymyositis, dermatomyositis, immune mediated necrotizing myopa-
thy, lupus with myopathy, sarcoidosis with myopathy and Crohn’s with myopathy.
The latter two, show non-caseating granuloma disease on biopsy, while lupus shows
diffuse immunofluorescence, mainly immunoglobulins and complements. This
could be referred to as a “recurring theme” in lupus deposits of immunoglobulin
and complements. Cocaine-laced with levamisole is in the differential diagnosis
systemic lupus, myopathy and vasculitis [21].

A rheumatologist should recognize a lupus patient by the malar rash sparing
the nasolabial folds, “classic kidney biopsy” and other constellations, such as
“non-scarring alopecia” and “discoid lupus”. These cases are often straightfor-
ward, and do not require biopsy. The classic malar rash sparing the nasolabial
folds, is a known hallmark of lupus; although it may be confused with rosacea or
polymorphous light eruption. The malar rash with autoantibodies, particularly
ANA (almost 100% sensitive), and anti-double stranded DNA (95% specific),
will lend themselves to a conclusive diagnosis [22]. Nonetheless, it should be
noted that research criteria is not necessary for a diagnosis of lupus. The research
criterion is merely a tool, used to randomize patients into homogeneous groups,
while in fact physicians are treating a heterogeneous disease. So, in the quest to
stratify patients by nonskilled physicians, or those not comfortable diagnosing or
treating lupus properly, diagnostic criteria is often helpful, but certainly cannot
be the quintessential element of a lupus diagnosis. In reality, actually “labeling”

a patient with a lupus diagnosis may require a protracted course. Theoretically,
a patient may carry a label of unspecified connective tissue disease (UCTD) for
some time, before a conclusive diagnosis can be given. In time, this patient may
develop lupus, Sjogren’s syndrome, rheumatoid arthritis, scleroderma, myositis,
an overlap syndrome, anti-synthetase syndrome, Sjogren’s syndrome, IgG4-
related disease, or sarcoid.
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2.2 Consider evidence of lupus in every disease

Physicians should consider lupus as every disease they see, and work backward
from that point. Note the following:

1. When a patient presents with hair loss (i.e., a bald spot - non-scarring alopecia);
the differential diagnoses are broad and lupus should be investigated, the patient
will need to be followed and skin biopsies performed [23].

2. Lesions, such as discoid lupus, which are characteristic scaly lesions, discol-
ored, typically hyper-pigmented, and located within the ears, are common

Positive antinuclear antibody (ANA) 97%
Malaise and fatigue 90%
Arthralgia, myalgia 90%
Sun sensitivity, skin changes 70%
Cognitive dysfunction 70%
Low C3 or C4 complement 61%
Fever due to lupus 57%
Antibodies to ds DNA 50%
Arthritis 50%
Leukopenia 46%
Pleuritis 44%
Anemia 42%
Alopecia 40%
Nephritis, proteinuria 40%
Anticardiolipin antibody 35%
Malar rash 35%
Central nervous system 32%
Increased gamma globulin 32%
Weight loss due to lupus 27%
Raynaud’s 25%
Hypertension 25%
Sjogren’s 25%
Oral ulcerations (mouth, nose) 20%
Discoid lesions 20%
Central nervous system vasculitis 15%
Adenopathy 15%
Pleural effusion 12%
Subacute cutaneous lupus 10%
Myositis 10%
Avascular necrosis 10%
Table 1.

Approximate prevalence (%) of selected symptoms, signs, and laboratory abnormalities of systemic lupus
erythematosus during the course of the disease in the United States [29].
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in lupus [24]. Although these lesions may be seen in other conditions, lupus
should be considered.

3. Uveitis, typically anterior, is common in lupus [25]. It may occur one time, and
may be infectious. Diagnostic possibilities included syphilis, tuberculosis or
Lyme disease. If these infections are excluded, then undoubtedly, even if the
patient’s uveitis is a first-time occurrence, a lupus workup should be initiated.

As with all patients presenting any of the above features, clinicians should initi-
ate confirmatory laboratory workup, including phospholipids, ANA, DNA, ENA,
SSA, and SSB, in order to establish a baseline, when a patient exhibits a potential
lupus feature at any point. Hypothetically a young patient, between 15 and 20 years
of age, may present to a clinic with anterior uveitis. Rather than labeling this as
viral, the practitioner should immediately consider a differential diagnosis that
includes lupus. Other differential possibilities would include syphilis, tuberculosis,
HLA-B27 diseases (including but not limited to psoriatic arthritis), HLA-B27 uve-
itis, ankylosing spondylitis, reactive arthritis, Crohn’ colitis and ulcerative colitis.
Regardless of the ultimate diagnosis, the treatment does not change; however, if the
patient requires treatment with hydroxychloroquine, early diagnosis may lead to a
more favorable outcome. Hydroxychloroquine is paramount. Many clinical trials
over decades support its efficacy in prevention of lupus flares, thrombosis in lupus
patients, and lipid-lowering potential [26].

In addition to the three presentations listed above, mouth sores also occur in
lupus, Crohn’s disease, Behcet’s disease, phospholipid antibody syndrome, tuber-
culosis, syphilis, sarcoidosis, Sjogren’s syndrome, IgG4-related disease, and viral
infections [27]. Viral ulcers tend to be painful. Behcet’s ulcers generally reveal
large, circumscribed, beefy-red borders. Ulcers associated with Crohn’s disease are
usually shallow painful ulcers, similar to those seen in sarcoidosis. Lupus ulcers are
frequently painless and often noticed surreptitiously [28].

Additionally, isolated lymphadenopathy does not necessarily have to be hilar
or mediastinal; it could be epitrochlear, glandular swelling, lacrimal, parotid, or
submandibular. However, the finding, incidental or not, with or without dry eyes
and dry mouth, may be an indication of lupus (Table1).

3. Common presentations of lupus

The following represents selected symptoms and abnormalities in patients
diagnosed with lupus within in the United States.

3.1 Arthropathies

Approximately 50% of lupus patients suffer from arthritis [29]. Joint disease,
quite often a small joint polyarthritis, typically symmetric, is noted with typical
involvement of PIPs, MCPs and wrists, inflammatory in nature; however, this is not
erosive, which differentiates it from rheumatoid arthritis [30]. However, the prac-
titioner should keep in mind that the differential diagnosis of IgG4-related disease,
lymphomas, Sjogren’s, sarcoidosis, or spondyloarthropathies, can also present with
a phenotypic appearance of lupus arthritis. The definitive finding of arthritis only
seen in lupus would be lupus arthropathy or acute rheumatic fever, which is followed
by Jaccoud’s arthropathy. Jaccoud’s arthropathy is a chronic, non-erosive, reversible
(with proper splinting) joint disorder that may occur after repeated bouts of arthri-
tis. This arthropathy is caused by inflammation of the joint capsule and subsequent
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fibrotic retraction, causing ulnar deviation of the fingers, through metacarpopha-
langeal joint subluxation, primarily of the fourth and fifth fingers [31].

The greatest emphasis should be placed on the fact that all joints could be
involved in lupus. Arthritis of lupus may be the presenting feature, and therefore,
all cases of inflammatory arthritis must be evaluated with x-rays and a thorough
history and physical, to exclude other diseases. Treatment would begin with the use
of hydroxychloroquine and the addition of methotrexate. If necessary, abatacept (a
CTLAA4 inhibitor drug), could be added, as well as the newer medication discussed
earlier, belimumab. Additionally, low dose steroids are often effective. While some
practitioners may view steroids as poison, others feel the patient’s quality of life, on
Prednisone (5 mg or less), even permanently could be appropriate, if this is neces-
sary for disease control and improvement in the patient’s quality of life. The patient
should be informed of necessity for vigilance with regard to sleep, lipid and blood
pressure monitoring, and the risk of osteoporosis. In the final analysis, the ratio of
logic needs to be brought into consideration. As a practicing rheumatologist, with
a personal experience of 32 years, experience dictates that 5 mg of Prednisone or
less in virtually all the inflammatory patients that cannot be weaned, failed to cause
significant steroid side effects. In the minority of patients who do suffer steroid
side effects from a 5 mg daily equivalent or less as they begin to age, skin fragility
or perhaps early cataracts can be seen; however, this may be difficult to ascertain,
unless their ophthalmologist is convinced that any posterior subscapular cataract
is the definite consequence of steroid use. Otherwise, this would be difficult to
ascertain [32].

3.2 Thrombocytopenia/thrombocytosis

Approximately 42-46% of patients develop a cytopenia, including leukopenia
and anemia [29]. Cytopenias in lupus are typically recognized with anemia, often
hemolytic or of chronic disease, thrombocytopenia, or thrombocytosis [33].
Thrombocytosis indicates inflammation, while thrombocytopenia is often autoim-
mune and antiplatelet antibodies lower platelet counts; however, this should not be
taken for granted. As in Sjogren’s, the mechanism would be hypersplenism; how-
ever, the finding of thrombocytopenia must prompt a probe for lupus. This protocol
also stands in the case of a low white blood cell count. A WBC less than 4000 units
for all, or lymphocyte of less than 1000, should both prompt an evaluation and
workup for lupus. These findings while not specific are quite typical. Please note
that one isolated sample needs repeating.

3.3 Lupus nephritis

Approximately 40% of lupus patients are diagnosed with nephritis [29]. The
patient presents with blood or protein in the urine [34]. A renal biopsy is performed.
A diagnosis is established - Mesangial proliferative, diffuse or focal proliferation, or
pure membranous. The treatments for this vary. The current main stay treatment is
mycophenolate mofetil. A new medication, which will be available in the near future,
is calcineurin inhibitor, Voclasporin [35]. The data regarding this is promising.
Rituximab, anecdotally, and in Pureview Data, indicates that it may also be helpful,
although it is not the standard of care. Emphasis should be placed on the actuality
that “the standard of care” should supersede the Food and Drug Administration’s
indications for any drug. Approval for a drug by the Food and Drug Administration
is solely based on the drug company’s actual “indication application” for that particu-
lar drug. While it may be used exclusively for its indication, in some cases it should
be noted that the drug may prove more effective for off label use. This unfortunately
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seems to be a matter of “dollars and cents” where the pharmaceutical companies are
concerned when determining the indication, they seek from the FDA.

3.4 Central nervous system

Roughly 32% of lupus patients develop lupus that attacks the central nervous
system [29]. Lupus involving the central nervous system is both a confusing and
interesting aspect of the disease [36, 37]. Virtually any central nervous system
or peripheral nervous system problem including, but not limited to, neuropathy,
mononeuritis multiplex, seizures, blindness, loss of hearing, cranial nerve palsy,
encephalopathy, psychosis and movement disorders, are not uncommon in the
lupus population, and may frequently present as an initial feature of the disease.

To reemphasize, all symptomatology that has been mentioned in this chapter
may be an initial feature of lupus; however, the lack of swift rheumatology involve-
ment often ultimately leads to a delay in diagnosis, which is always detrimental
to the patient. Therefore, it is important to perform a comprehensive evaluation,
including biopsy, angiogram, or other internal organ imaging, as well as complete
serologic testing. Additionally, most patients are not willing to take medication for
extended periods of time, unless it can be proven to them by their physician that the
medication will indeed benefit them by alleviating the symptoms they are experi-
encing. This will assist in a more accurate diagnosis of lupus versus another disease
process. As in every case involving a possible autoimmune process, emphasis should
be placed on the importance of swift initiation of workup, as this will facilitate the
timely establishment of proper treatment.

If a patient is acutely ill with psychosis, they will typically be treated in a hos-
pital setting, being initially seen by neurology and psychiatry, as other specialists.
Unfortunately, this occurs before a rheumatologist is consulted [38]. An immediate
MRI of the brain and lumbar puncture should be ordered, along with autoantibod-
ies and cerebrospinal fluid, to assess the ribosomal P antibody, GAD65 antibody and
NMO. With these proper evaluations, the likelihood of a CNS lupus diagnosis may
be determined.

It is quite typical in that lupus patients, including those with renal and central
nervous system involvement, in general, do quite well with medical compliance.
Published death rates, transplant rates, and dialysis rates for lupus nephritis are decid-
edly dependent upon the population type that is investigated. A well-educated compli-
ant group of patients has a very low incidence of end stage renal disease while the
noncompliant group almost certainly ultimately develop end stage renal disease [39].

3.5 Abdominal pain

Another presentation would be abdominal pain, rather than splenomegaly. This
would account for approximately 27% of lupus symptomatology [29]. A patient
with severe abdominal pain, who is known to have lupus, after a proper workup for
exclusion of perforated viscus or ischemic disease, the treatment would be steroids
for what is mesenteric arteritis or serositis. The prognosis would not change, as they
are both treated with moderate high dose steroids, oral or IV. Again, this can be a
presenting feature of lupus. To the detriment of the patient, they are often are seen
by gastroenterologists, who run a plethora of tests, including CTAs and MRIs of
various organs, only to ultimately discover a case of hepatosplenomegaly with pain.
At that point, to the misfortune of the patient, unnecessary surgery is generally per-
formed for the hepatosplenomegaly, and sadly, the patient passes away as a result. If
the patient had been treated properly, their life could have been saved, as they would
have been successfully treated with 1 to 2 mg/kg of prednisolone or similar [40].



Lupus - Need to Know

3.6 Pancreatitis and Raynaud’s phenomenon

Pancreatitis is an excellent example of a disease, which is not part of the listed
diagnostic criteria for lupus. Raynaud’s phenomenon also not listed in the diagnostic
criteria, although approximately 25% of lupus patients suffer from this condition
[29, 41]. While either of those may be the presenting feature of systemic lupus, nei-
ther are listed as diagnostic criteria which is fine; however, the practitioner should
perform a thorough workup to determine if a patient who has pancreatitis, as they
may well have lupus. It should be noted however, that alcoholism, gallstone disease
and pancreatic divisum, without the atypical sausage pancreas of IgG4-related
disease, must be ruled out.

With regard to Raynaud’s, the reversible spasm of vessels, usually induced by
cold or emotional provocation, typically with triple phase color response from 5 to
60 minutes, is a frequent feature in lupus patients and may well be the initial find-
ing of the disease. The practitioner must look past scleroderma, which has a more
ominous prognosis than Raynaud’s related to lupus. This is often differentiated with
a simple in-office nailfold capillaroscopy, which by in large, is a tremendously unde-
rutilized tool [42]. For the well-seasoned rheumatologist, this technique is used
more often, but it should be used with regularity. In fact, nailfold capillaroscopy
should be used as a baseline in all potential cases of autoimmune patients.

3.7 Heart and lungs

Attention to the heart and lungs is essential [43]. A patient with recurrent pneu-
monias is more likely to have lupus pneumonitis or an autoinflammatory disease,
rather than the occurrence of infectious pneumonia every three months. After the
onset of a second case of pneumonia, a rheumatologist should be consulted, but
commonly, this does not occur. Regrettably, the patient who is suffering from an
autoimmune disease has now suffered without a proper diagnosis for an unspecified
amount of time. At this point, it would be advantageous to the patient to be seen by
arheumatologist without further delay.

Other common heart and lung manifestations of lupus include pleurisy and/
or pericardial effusion [44]. Approximately 12% of lupus patients will develop a
pericardial effusion [29]. Alarmingly, in several medical institutions, the treat-
ment of choice for pericardial effusion is a pericardial window. Unfortunately, as
in the case of inappropriate splenectomy with abdominal pain in a case of lupus, as
mentioned earlier, a pericardial window is carries equal efficacy in a lupus patient
presenting with pericardial effusion. As there is no indication for abdominal
surgery for a patient with lupus abdominal pain, there is also virtually no indication
for pericardial window in a lupus pericarditis patient. The incidence of tamponade
is extraordinarily low. Myxomatosis valvular heart disease or so-called Libman-
Sacks endocarditis, with or without phospholipid antibodies, is another finding that
should be noted, although this is often woefully overlooked.

3.8 Overlooked autoimmunity

Many lupus patients suffer from autoimmunity that is frequently overlooked
and therefore; the percentage of sufferers remains uncalculated [45]. The most
common is likely Hashimoto’s thyroid disease; however, other conditions include
Graves’ disease, myasthenia gravis, Addison’s disease, primary biliary cirrhosis,
and autoimmune hepatitis. Each of these has autoimmune associations that should
not be overlooked. Many of the features potentially seen in Sjogren’s syndrome, or
many lupus-like features such as interstitial lung disease, should never be taken for
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granted based on the positive ANA or research criteria, as those patients may well
have myositis or scleroderma. As mentioned in Part 2 of this chapter, “A Rheum
with a Different View”, lupus should be considered in every disease.

4. The thought process of a rheumatologist

There are deep gaps between the thought process and treatment plans of a rheu-
matologist versus that of a general internist, family practitioner, ophthalmologist,
or orthopedic surgeon or any other practitioner involved in a patient’s care.

Rheumatology remains greatly underutilized. This regrettably adds substantial
delay to the diagnosis and treatment of a patient. It bears mentioning again that
all organ systems may be involved in lupus. Based on this, the all-purpose criteria
is preferable to the new SLICC criteria for diagnosis of lupus, as it was far more
practical [46]. It also bears mentioning again that no practitioner may diagnose
lupus, or any other disease process, based solely on research criteria. Criteria are
to be used merely as a guideline. For example, a patient presents to their physi-
cian, stating they are “not feeling well”. Subsequently, blood studies are ordered
that reveal an ANA with a very high titer and upon further perusal, a very high
DNA is also discovered, yet the physician fails to recognize that this patient has
a forme-fruste of lupus. A rheumatologist would have started the patient on
Plaquenil and educated them with regard to their diagnosis, and the physical
ramifications to expect in the future.

Two of the most interesting, but also difficult to treat diseases, a physician may
encounter include pulmonary renal syndrome, presenting with alveolar hemorrhage,
and glomerular nephritis with ANA, DNA, successfully treated with cyclophospha-
mide [47]. Another rare, but not uncommon complication of lupus, would be TTP
with or without the ADAMTS13 gene and ocular inflammation and orbital pseudo-
tumor. Consider the case of a patient who presented with true renal failure, visual
hallucinations and movement disorder. At that point the patient was treated with IV
Cytoxan and pulse steroids. Therefore, the patient did not have fever; however the
patient was anemic and had schistocytes with an elevated reticulocyte count. Thus,
the patient did not fulfill all of the criteria for TTP; therefore, a clinical diagnosis was
made of the same. The patient responded almost immediately to with all features of
the disease disappearing with plasma exchange. This is a wonderful case to recall,
when a hematologist says to a patient, “It cannot be TTP because there is no fever”,
apparently, this hematologist has lost sight of the fact that the high dose steroids
likely blunted the fever. They may argue that there are not enough schistocytes [48]
to fulfill the bacteria, however when schistocytes should not exist, and anemia can-
not be explained, it can only be rationalized that the use of cyclophosphamides and
high dose steroids lowered the schistocytes [49, 50]. This is a fantastic example of
why research criteria alone, should never be used for diagnostic purposes.

It is very important to understand the mechanism of action for each disease
feature, as it will impact a patient’s treatment. For the purpose of example, throm-
bocytopenia will be seen in Sjogren’s syndrome and hypersplenism, while in lupus
platelet antibodies, both conditions can be present with dry eyes and dry mouth.

A salivary gland biopsy may not differentiate, as a positive lymphocyte score of 50
lymphocytes 4mm®, may presumably be seen in either condition. This may lead to
an overlap diagnosis, or based on the mechanism of thrombocytopenia, it may also
sway the diagnosis. Pneumonitis, while common in lupus, is seen in other autoim-
mune diseases, including sarcoidosis. All conditions mentioned may have a positive
rheumatoid factor or positive ANA. Even CCP antibodies can be seen in autoim-
mune diseases with low values [51].
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5. Conclusions

Lupus is a great mimicker. This is due in part to a woeful lack of knowledge by
most practitioners, as well as the absence of specific treatments. However, based
on our available knowledge, with earlier institution of proper rheumatologic
assistance, patients would be diagnosed with greater accuracy and proper treat-
ments begun in a timely manner. Also, with patient compliance, education and
understanding outcome is better reference. Consulting a rheumatologist promptly,
would not only benefit the patient, but also profit the medical system by eradicating
useless tests and treatment options that are often unmerited. Unfortunately, in a
world of protocol, many are afraid to take an unconventional approach. It is because
of this; other physicians often fail to consider a rheumatologic consultation [52].
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Chapter2
Lupus Nephritis: Renal Biopsy
Guiding the Clinician

Rosa Marlene Viero and Daniela Cristina dos Santos

Abstract

Systemic lupus erythematosus is a chronic autoimmune disease that affects
mostly women. The kidneys are involved in 50% of patients causing a high degree
of disease morbidity and mortality with poor prognosis. Early diagnosis of lupus
nephritis with prompt therapy correlates with a better outcome. The renal biopsy
provides important informations to clinicians to monitor the patients. The patterns
of glomerular lesion, degree of activity and chronicity of the disease and extent
of lesions to the tubulointerstitial and vascular compartments are fundamental
information for the clinician to decide the most appropriate treatment. In order to
correlate the kidney disease with clinical manifestations and patient outcome the
glomerular lesions are classified according to International Society of Nephrology
and Renal Pathology Society Classification (ISN/RPS). The definition of active and
chronic lesions was introduced by studies conducted at National Institute of Health
(NIH). The ISN/RPS classification and NIH indices have recently been revised by a
series of retrospective validation studies to improve and minimize the controversial
aspects.

Keywords: Systemic lupus erithematosus, lupus nephritis, renal biopsy, ISN/RPS
classification, NIH activity and chronicity indices, patients management, prognosis

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic multisystem autoimmune
disease that frequently involve kidneys in women. The development of the disease is
related to exposure to environmental factors in individuals with genetic predisposi-
tion. It is characterized by loss of tolerance against nuclear autoantigens, lympho-
proliferation, polyclonal autoantibody production, immune complex disease and
multiorgan tissue inflammation [1]. The affected organs include skin, joints, heart,
lungs, kidneys, central nervous system and serous membranes. The disease involves
a sequence of manifestations such as arthritis, serositis, chronic fatigue, skin rashes,
glomerulonephritis, neurological involvement and hematological abnormalities
[2]. SLE is the most frequent cause of secondary glomerular disease [3-5]. Lupus
nephritis (LN) as a disease usually develops early in the clinical course of SLE
in up to 50% of patients. The development of effective diagnostic tests and the
introduction of new therapies has shown an improvement in the survival of patients
with SLE. However, SLE patients still have a higher risk of death than the general
population, especially patients with LN. Lupus glomerulonephritis with intense
activity requires greater immunosuppression with increased risk of death from
opportunistic infections. On the other hand, long-term treatment with high-dose
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of corticosteroids is a risk factor for coronary atherosclerosis and cardiovascular
disease [1, 6]. Glomerular immune complexes can activate complement and
engage leukocyte Fc receptors to initiate renal inflammation and injury [1]. LN has
very pleomorphic clinical and morphologic expressions. Clinical findings range
from asymptomatic hematuria and proteinuria to nephrotic syndrome or rapidly
progressive renal failure [7].

2. Renal biopsy

The renal biopsy is the gold standard for the diagnosis of LN, providing
important information to the clinician for the management of the patients [7-9].
A diagnosis of SLE is based on clinical systemic features and serologic tests attend-
ing the American College of Rheumatology (ACR) criteria for SLE [10]. However,
it is not uncommon that the renal biopsy shows morphologic expressions that is
very suspicious or conclusive of LN before extrarenal manifestations are evident
[11]. The renal biopsy provides an important information about the morphology
and severity of the lesions, their classification, grades of activity and chronicity of
the disease. With the appearance of any signs or symptoms of kidney disease such
as hematuria, proteinuria, nephrotic syndrome or renal insufficiency the renal
biopsy should be performed. Repeat kidney biopsies should also be done for clinical
indications due to SLE flare, persistent proteinuria or declining renal function.
The role of the renal biopsy in diagnosis, treatment, management, and follow-up
of LN is critical, although to predict the outcome has been a matter of controversy
[1, 7, 8]. Considering the importance of the biopsy making the treatment decision
and determining the prognosis, it is essential to assess renal histopathology with
high accuracy [9, 12, 13]. LN can affect all compartments of the kidney including
glomeruli, tubules, interstitium and blood vessels. The analysis of the renal lesions
is based on light microscopy (LM) associated with the immunofluorescence (IF)
and electron microscopy (EM) findings [11].

3. Glomerular, tubulointerstitial and vascular lesions

The glomeruli are the most affected compartment in the LN. The initial injury
is related to immune deposits in the mesangium and/or capillary loops. Large
subendothelial deposits can be easily seen by LM. The distribution of deposits in the
mesangium and/or glomerular capillaries defines the morphological pattern of the
disease and consequently clinical manifestations. Some cases have only mesangial
deposits, and others have deposits in the mesangium and in the capillary loops.
Deposits in the capillary loops can be intramembranous, subendothelial (between
endothelial cells and glomerular basement membrane) or subepithelial (between
podocytes and glomerular basement membrane). Large subendothelial deposits
characterize the wire loops and determine intense thickening of the glomerular
basement membrane with occlusion of capillary loops (Figure 1). Immune deposits
with complement activation determines an inflammatory reaction with prolifera-
tion of resident cells and exudation of mononuclear cells and polymorphonuclear
neutrophils. Mesangial deposits stimulate proliferation of mesangial cells and
deposition of mesangial matrix. Subendothelial deposits in capillary loops stimulate
endothelial proliferation, and subepithelial deposits determines thickening of
the GBM without significant cellular proliferation. Capillary involvement by the
inflammatory response may result in segmental glomerular necrosis and adjacent
cellular crescents. Prolonged glomerular injury result in segmental and/or global
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Figure 1.
Glomerulus with intense global hypercellularity and subendothelial hyaline deposits in peripheral capillary
loops (wire loops). Masson thricrome 400x.

scarring. The IF staining is variable. IgG is the most frequent immunoglobulin
(Figure 2), usually associated with deposits of Clq and C3. IgM and IgA deposits
may also be present. Fibrin deposits are frequent in areas of necrosis and in associa-
tion with active crescents. The IF staining is called the full house when there is
deposition of the three immunoglobulins, C1q and C3. This staining pattern is very
useful for diagnosing LN. The EM confirms the IF findings showing since small
mesangial electron dense deposits to large and abundant deposits in the mesangium
with extension to capillary loops. Immune deposits limited to the mesangium

are associated with mild clinical signs and symptoms. The presence of deposits

in the capillary loops, especially in the subendothelial space, is related to more
harmful forms of the disease. Anti-dsDNA and anti-C1q antibodies correlate with

Figure 2.
Granular deposits of IgG in the mesangium and capillary loops. IF-400x.
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subendothelial deposits that stimulate endothelial proliferation and glomerular
necrosis. The most severe form of LN are cases of diffuse proliferative nephritis
that show voluminous subendothelial deposits with high correlation with disease
activity. Furthermore, during the course of the disease, LN can undergo transfor-
mations. Purely mesangial injuries can evolve to more severe mesangioendothelial
proliferative disease with damage of capillary loops. After treatment, severe LN
with endothelial proliferation can turn into mesangial proliferative lesion [7, 11].
Tubulointerstitial lesions are found in all types of glomerular lesions, although
is more frequent in the most severe forms of proliferative LN. The lesions result
from the autoimmune inflammatory activity of the disease and/or prolonged
periods of proteinuria [11]. The acute phase is characterized by edema and inflam-
matory infiltrate with a predominance of mononuclear cells. Immune deposits are
detected by IF and EM mainly in the tubular basement membrane and peritubular
capillaries in 50% of the patients (Figure 3). Immunoglobulins are associated
with complement components Clq and C3 in most cases. There was no correlation
between prevalence of deposits and the severity of interstitial inflammation, sug-
gesting that the immune complexes are not involved in the pathogenesis of inter-
stitial nephritis in SLE [11, 14]. The predominance of T lymphocytes, CD4 or CD8,
with frequent presence of monocytes and NK cells suggests cellular immunity.
While several mechanisms may play an initial role, interstitial T cells and mono-
cytes may be important determinants of pathogenesis of interstitial nephritis, and
monocytes may be the major factor in the chronic injury and progression of LN
[15]. On the other hand, nephrotic proteinuria also induces changes in the tubular
cells due to active and excessive resorption of filtered proteins and lipoproteins by
the proximal tubules [11]. After a prolonged period of damage, tubular atrophy
and interstitial fibrosis characterize the chronic phase of the disease. Active and
severe tubulointerstitial injury is most common in severe diffuse proliferative LN.
The severity of interstitial inflammation correlated with the degree of renal insuf-
ficiency and was an accurate prognostic indicator of progressive deterioration of
renal function. Many studies have shown an association between tubulointerstitial
damage and a poor renal outcome in LN and in order to avoid progression to end

Figure 3.
Granular deposits of C1q in tubular basement membrane and peritubular spaces. IF-400x.
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stage renal disease some studies suggest an early intervention before the develop-
ment of interstitial fibrosis [15-18].

A variety of vascular lesions are encountered in renal biopsies of patients with
SLE: uncomplicated vascular immune deposits, noninflammatory necrotizing vas-
culopathy, true renal vasculitis, thrombotic microangiopathy and arteriosclerosis.
The interlobular arteries and arterioles are the most involved vessels [11, 19-21].
Large study with 285 patients with LN found vascular lesion in 79 (27.7%): 9.47%
with noninflammatory necrotizing vasculopathy, 8.42% with thrombotic microan-
giopathy, 7.02% with arteriosclerosis and 2.81% with true vasculitis [20]. Wu
et al [21] studying 341 patients with LN found 81.8% of vascular injury, including
74.19% of uncomplicated vascular immune deposits, 24.5% of arteriosclerosis,
17.59% of thrombotic microangiopathy, 3.81% of noninflammatory necrotizing
vasculopathy and 0.59% of true vasculitis. The inclusion of cases of uncomplicated
vascular immune deposits explains the higher incidence of vascular lesions in
this study. Uncomplicated vascular immune deposits are the most common lesion
and do not significantly affect prognosis. This type of injury shows deposits of
immunoglobulins and complement in the small arteries and arterioles, without
any inflammatory process and impairment of vascular lumen. The noninflamma-
tory necrotizing vasculopathy determines severe vascular narrowing by abundant
eosinophilic material constituted by immune deposits, plasma proteins and fibrin
insudation in the vessel wall. There are also degenerative changes and loss of
endothelial cells and myocytes. This is a form of vascular lesion associated to more
severe forms of glomerular lesion, and is less common than uncomplicated vascular
immune deposits. The necrotizing vasculopathy has a poor prognosis with a high
degree of disease progression. A true renal vasculitis, with inflammatory infiltrate
and necrosis of the vascular wall, is the least common vascular lesion in the LN.
This kind of lesion is very severe with an ominous prognosis and need an aggres-
sive immunosuppressive therapy. The thrombotic microangiopathy is characterized
by myointimal proliferation of the small vessels, with a pattern of “onion skin”,
that complicates with thrombosis. In patients with SLE this vascular lesion occurs
in association with hemolytic-uremic syndrome, antiphospholipid syndrome and
malignant hypertension. Arteriosclerosis is a degenerative non-immunological
vascular lesion characterized by fibrous thickening of the intima of the arteries
without necrosis, proliferation or thrombosis. This lesion is common in LN due
to the high prevalence of risk factors for arteriosclerosis in lupus patients such
as hypertension, hyperlipidemia and prolonged use of corticosteroids. Vascular
lesion can occur in any type of glomerular injury, but they are more frequent in
the more active glomerulitis with mesangial and glomerular capillaries involve-
ment [11, 19, 21]. Renal vascular lesions, specially of the necrotizing, vasculitic or
thrombotic type adversely affects renal outcome with a higher rate of progression
to renal failure [11, 19-21]. At the time of renal biopsy, patients with vascular
lesion had higher levels of serum creatinine than patients without vascular lesion
(2.2 mg/dl vs. 1.2 mg/dl). The probability of a kidney survival at 5 and 10 years
was 74.3% and 58.0% in patients with vascular lesion, compared with 89.6% and
85.9% in patients without vascular lesion, respectively [20].

4. International Society of Nephrology and Renal Pathology Society
Classification (2003)

The classifications of LN are based on glomerular morphologic lesions in differ-

ent classes of LN and aim to identify patients at risk of progressing to chronic renal
failure.
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The morphological changes are based mainly under LM, although the combined
analysis of IF and EM provide more effective study. The original World Health
Organization (WHO) classification, formulated in 1974, defined 5 classes: Classes
I-Normal glomeruli, II-Pure Mesangial Proliferation, III-Focal and segmental
proliferative GN (<50% of glomeruli), IV-Diffuse Proliferative GN (>50% of
glomeruli) and V-Membranous GN. In 1995, the WHO classification was modified
by the inclusion of subclasses enphasizing active and chronic lesions. However,
the introduction of many subclasses has made it difficult to apply in practice. The
subclasses of the membranous form of LN (class V) with proliferative lesions of
class III (Vc) and class IV (Vd) were very controversial. The class V with additional
proliferative features (Vc and Vd) showed a worse prognosis than pure class'V,
demonstrating that the prognosis was related to proliferative lesions and not to
class V. These subcategories were eliminated, and instead, such complex lesions
should be diagnosed as association of class V with classes III or IV [11]. The WHO
classification has more recently evolved into the 2003 International Society of
Nephrology and Renal Pathology Society classification (ISN/RPS) [22] (Table1).
The ISN/RPS nomenclature described only the immune-complex LN, not address-
ing other lesions such as thrombotic microangiopathy and podocytopathies. The
ISN/RPS system classifies LN on the basis of where immune complexes accumulate
in glomeruli, the presence or absence of mesangial or endocapillary proliferation,
the overall extent of glomerular involvement (focal or diffuse; global or segmental)
and whether glomerular injury is active (inflammatory) or chronic (sclerotic).

The schema ISN/RPS retains the major criteria of WHO classification with a
revision and/or inclusion of pathologic details for each class. The “normal’category
of the class I of WHO was eliminated, being replaced by the presence of mesangial
deposits by IF and/or EM with normal LM. Class II besides deposits by IF or EM
presents mesangial proliferation by LM. Classes Il and IV present both mesangial
and capillary deposits with endocapillary proliferation, and are separated based
on the percentage of glomeruli affected by active and chronic lesions. The most

Classes

Type of Lesion

Class I-Mesangial LN

Normal LM, deposits IF or EM

Class II-Mesangial
Proliferative LN

Mesangial hipercellularity and immune deposits by IF or EM

Class III-Focal LN

III (A)-active lesions

III (A/C)-active and chronic
lesions

III (C)-chronic lesions

< 50% glomeruli affected by segmental or global endo and/or
extracapillary proliferation, subendothelial deposits, necrosis and
crescents. Active and chronic lesions.

Class IV-Diffuse LN

IV-S (A) or IV-G (A)-active
lesions

IV-S (A/C) or IV-G (A/C)-
active and chronic lesions
IV-S (C) or IV-G
(C)-glomerular scars

>50% glomeruli affected by segmental or global endo and/or
extracapillary proliferation, subendothelial deposits, necrosis and
crescents. Active and chronic lesions.

Class V-Membranous LN

Subepithelial deposits with thickening of GBM

Class VI-Advanced sclerosing
LN

90% sclerosed glomeruli. Absence of residual activity.

Table 1.
International Society of Nephrology and Renal Pathology Society Classification of lupus Nephritis-2003
(ISN/RPS).
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controversial aspect was the introduction of a subdivision of class IV based on
whether the lesions are predominantly segmental or global [23]. Previous studies
have suggested that a subgroup of LN with severe segmental lesions involving most
of the glomeruli, may have a different pathogenesis than the global proliferative
lesions of class III or IV. These severe segmental lesions often had necrosis and
crescents, similar to pauci-immune necrotizing and crescentic GN. About 20% of
patients with apparent necrotizing and crescentic LN, with rare or absent subendo-
thelial deposits and without significant endocapillary proliferation, have positive
ANCA suggesting a coexistence of LN and ANCA-associated necrotizing and
crescentic GN [24]. Features of activity and chronicity was clearly delineated in the
subcategories of class III and IV. Class IV has a higher risk of progression to chronic
renal failure and large subendothelial deposits, necrosis and crescents have a worse
prognosis. Due to the higher frequency of biopsied patients with more aggressive
kidney injury, most series show a higher percentage of class IV [11]. The class VI
was defined with glomerular sclerosis >90% of glomeruli without residual activ-
ity. Severe tubular atrophy, interstitial fibrosis, inflammation, and arteriosclerosis
usually accompany the glomerular sclerosis. Chronic lesions, such as segmental or
global sclerosis, are interpreted as sequelae of previous more aggressive lesions in
the current classification. Thus, a segmentally sclerosing lesion producing an adhe-
sion to Bowman’s capsule, most likely represents an organization of a lesion with
endothelial proliferation and/or necrosis and crescents, and should be interpreted
as a chronic lesion of class III or IV. Globally sclerosed glomeruli can be particularly
challenging, because ischemic collapse of the glomerular tuft with collagenous
material in Bowman’s space occur with aging and benign nephrosclerosis. This
kind of lesion overlaps with sclerosed glomerulus with a fibrous crescent after an
inflammatory process. Excess cells in the collagenous area, evidence of proliferative
injury in the glomerular tuft with adhesion to the retracted and lamellate Bowman’s
capsule can help distinguish sclerosis due to LN from other causes of sclerosis [8].

Therefore, immune complex formation in the mesangium causes class I and II
lesions, subendothelial deposits causes classes III and IV and subepithelial deposits
occur in class V lesions.

5. Activity and chronicity indices

It has been known that immunosuppressive therapy is capable of reducing
the amount of immune deposits and the degree of inflammatory process in the
kidney. However, reduction of histological activity was not always accompanied
by clinical improvement and, on the other hand, active lesions on the biopsy may
be associated with a silent clinical presentation. These findings demonstrate the
importance of renal biopsy in monitoring patients. Investigators have attempted to
analyze renal biopsy specimens of LN with respect to active and chronic features as
predictors of outcome and guides to therapy. Active lesions are potentially treatable
and only the most severe ones become chronic, whereas chronic lesions represent
irreversible damage with great impact in the outcome [25]. The concept of activity
and chronicity indices was adopted in the studies of National Institutes of Health
(NIH) (Table2). According to this system, the activity (AI) and chronicity indices
(CI) are graded on a scale of 0 to 24 and 0 to 12, respectively, by calculating the
sum of individual scores (0 to 3+). In a group of patients with diffuse prolifera-
tive disease (Class IV), Austin et al [25] found that Al is moderately predictive of
outcome, with 60% 10-year survival with Al greater than 12. Another study [26]
showed 40% of impairment of renal function in 4 years with AI > 12 compared to
7% in the group with AI < 12. The CI was more predictive of renal outcome than
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Indices Grades
Activity Index (0-24)
Endocapillary hypercellularity 0 absent

Subendothelial deposits
Necrosis
Cellular crescents

1+ <25% of glomeruli
2+ 25-50% of glomeruli (x2)
3+ >50% of glomeruli (x2)

Leukocyte infiltration
Interstitial inflammation

0 absent
1+ mild

2+ moderate

3+ severe
Chronicity Index (0-12)
Glomerular sclerosis 0 absent
Fibrous crescents 1+ <25% of glomeruli

2+ 25-50% of glomeruli
3+ >50% of glomeruli

Tubular atrophy 0 absent
Interstitial fibrosis 1+ mild
2+ moderate
3+ severe

Table 2.
Activity and chronicity indices of lupus nephritis according to National Institutes of Health (NIH).

Al, demonstrating a 100% 10-year survival with CI < 1, 68% with CI of 2 or 3 and
32% with CI > 4. Although individual activity scores do not show predictive value
for disease progression, all the scores of CI were individually predictive of renal
failure, particularly tubular atrophy [25]. A combination of different scores also
shows impact on the prognosis. There are a high risk of doubled creatinine with a
combination of two scores, such as more than 50% of cellular crescents and moder-
ate to severe interstitial fibrosis. Patients with severe disease treated with aggressive
immunossuppression showed that Al > 7 and CI > 3 have a high risk of progression
[27]. More than 50% of crescents are a very ominous morpological finding, but even
with <50% of crescents but combined with moderate or severe fibrosis the risk of
doubled creatinine is high specially in black patients [28].

Renal biopsy does not adequately predict the progression of long-term lesions
due to disagreement between signs of clinical and histological activity of the
disease. Patients in clinical remission show in repeated biopsies evidence of active
inflammatory process. On the other hand, in the absence of histological activity,
cases of patients with persistent clinical signs are described. Thus, studies have sug-
gested that serial biopsies during maintenance therapy may help in patient monitor-
ing [7]. Alsuwaida et al [29] when analyzing a second renal biopsy at the end of the
maintenance therapy, demonstrated that persistence of glomerular hypercellularity
and interstitial inflammation presented a higher risk of doubling serum creatinine.
Patients with an activity index greater than 2 in the second biopsy showed worse
renal survival at 10 years and regarding the chronicity index there was a trend for
better renal survival with a CI lower than 3.

6. Clinical findings and management
In order to prevent CKD, all patients with SLE should be evaluated for kidney

involvement at initial diagnosis and at follow-up. Assessment of patients with
suspected LN are greatly facilitated through information obtained by renal biopsy,
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and early diagnosis with response to therapy is correlated with better outcome

[7, 9]. The heterogeneous morphological aspects of the disease is accompanied by
avariable clinical findings. The different classes of LN guide clinicians in making
the most appropriate therapeutic decision. A purely mesangial disease sparing the
peripheral glomerular capillaries (classes I and II) usually have a mild disease with
low levels of proteinuria and normal renal function. The prognosis is excellent
and the patients require only conservative treatment. In many patients it is a stable
lesion that may persist for years. However, it can undergo transformation to a more
severe injury with increased levels of proteinuria and reduced kidney function [7].
LN with capillary loops injuries (classes III and IV) that shows more endocapil-

lar proliferation, necrosis and crescents, with a coexistence of active and chronic
lesions, have more aggressive disease. Tubular and interstitial lesions are nearly
universal in diffuse proliferative LN and parallel the distribution of the glomerular
lesions. Vascular lesions also occur most frequently in the diffuse proliferative
group. The clinical manifestations are represented by high levels of proteinuria
with or without nephrotic syndrome and active urinary sediment. In class III renal
insufficiency is uncommon and the prognosis is variable. In a small percentage of
patients there is poor outcome which results from progression of class III to class
IV. The diffuse proliferative LN (class IV) have the most severe and active clinical
renal presentation, with nephrotic syndrome in up 50% of the patients and various
degrees of renal insufficiency in greater than 50% of the patients [30, 31]. Itisa
consensus that class IV has a worse prognosis. The proliferative classes with more
severe active lesions (III and IV) are treated with potent immunosuppression

[1, 8]. Some investigators proposed that class IV-S is pathogenetically distinct and
has worse long-term outcome than class IV-G, suggesting important prognostic
differences [23]. LN class IV-G has predominantly subendothelial deposits and
endocapillary proliferation and patients with class IV-S much higher rate of seg-
mental fibrinoid necrosis [32]. Segmental and global glomerulosclerosis are the
consequence of active necrotizing lesions with crescent formation. The prognostic
significance of class IV-S versus IV-G has been analyzed in other studies and no
significant differences in outcome were demonstrated [32-34].

All patients with class V LN have proteinuria and 59-70% have the nephrotic
syndrome. Renal insufficiency is uncommon. Patients with class V are more likely
to present with renal disease before other systemic features of lupus are apparent.
When a membranous lesion is associated with the active or chronic lesions of class
III or IV, both diagnoses are to be reported. Patients with membranous LN (class V)
may be managed conservatively with antiproteinuric therapy when proteinuria is
subnephrotic or with immunosuppression with nephrotic proteinuria [7]. Patients
with class VI lupus nephritis have severe renal insufficiency and require only sup-
portive treatment and/or kidney replacement therapy [7].

7. Controversial aspects of ISN/RPS classification and NIH activity and
chronicity indices

The classification of INS/RPS was proposed to standardize and emphasize the
most relevant lesions to guide the treatment of LN. Recently, several retrospective
validation studies concerning the utility of the classification were performed. These
studies have highlighted the limitations of the classification and of the activity
and chronicity indices. In these reports, the main weaknesses of the classification
include: 1. Tubulointerstitial and vascular lesions not included in the system; 2.

No correlation between the lesions with long-term outcome; 3. Poor interobserver
reproducibility of both active and chronic lesions [12, 13, 32-35].
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Tubulointerstitial and vascular lesions correlated closely with clinical disease
activity and renal outcome in many studies [14, 19-21]. It is necessary at least to
mention these lesions in the diagnosis of the biopsy report.

The classification of LN, especially classes IV-G and IV-S, and the activity and
chronicity indexes have not shown a satisfactory correlation with the long-term
outcome of the disease [1, 7, 8, 13]. After treatment induction and even during the
maintenance phase, the inflammatory process may persist and go unnoticed clini-
cally. Some authors recommend repeating the renal biopsy after treatment to better
assess the response to treatment and predict the course of the disease [1, 7, 8, 29].
There is also a poor reproducibility among pathologists to apply these criteria that
limits their application in practice [1, 36, 37]. It is a consensus that the classifica-
tion of LN as well as the criteria of activity and chronicity of the disease should be
reviewed [1, 7, 8, 36, 37].

8. Conclusions

In conclusion, the precise identification of key glomerular, tubulointerstitial
and vascular lesions remain incompletely understood in terms of pathogenesis
and prognostic effect. The ISN/RPS classification improved the knowledge of
different patterns of LN lesions, and validation studies have shown new emerging
morphological data to be further investigated and included in the classification
[8, 12, 35]. Most nephrologists find an assessment of activity and chronicity

Biopsy Report

ID: RPS, caucasian, female with 38 years-old

History: Patient with erythema and scaling in the face, lymphocitopenia, anemia, proteinuria of
2g/24h, microhematuria, serum creatinine of 1,8 mg/dl. Anti-dsDNA>200 UI, ANA 1/1600.

Renal biopsy

Macroscopy: 3 fragments of renal biopsy measuring each 1cm long. One fragment fixated in Duboscq-
Brazil was sent to LM, 1 frozen fragment was sent to IF using anti-IgG, IgA, IgM, Clq, C3, Fibrin, k and A
conjugates, 1 fixated in glutaraldehyde 2,5% sent to EM.

Light Microscopy: Renal biopsy showing the cortical with 30 glomeruli, all with large size and
mesangioendothelial heavy hypercellularity and moderate exsudate of polymorphonuclear neutrophils;
some peripheral capillary loops show bulky hyaline deposits obliterating capillary lumens (wire loops). In
6 glomeruli there are small segments fibrinoid necrosis, nuclear debris and fibrin deposits, with overlying
small cellular crescents. Two glomeruli are globally sclerosed surrounded by tubular atrophy and mild
interstitial fibrosis. There is also a heavy interstitial edema and inflammatory infiltrate of mononuclear cells
with degenerative changes of tubules. The vessels are unremarkable.

Immunofluorescence: Presence of diffuse granular deposits in the mesangium and capillary loops
of IgG (3/3+), IgA (2/3+), IgM (1/3+), Clq (3/3+), C3 (2/3+), Fibrin (2/3+), k and A (2/3+). There were
deposits in the tubular basement membrane and peritubular capillaries of IgG and C1q (2/3+). There were
no deposits in the vessels.

Electron microscopy: Presence of mesangial, subendothelial and tubular basement membrane electron-
dense deposits.

Renal biopsy diagnosis: Lupus nephritis characterized by diffuse proliferative glomerulonephritis
with 20% of segmental necrosis, 20% of cellular crescents and 6,6% of global glomerular sclerosis. Intense
lymphomononuclear tubulointerstitial nephritis with focal tubular atrophy and interstitial fibrosis. Normal
vessels.

ISN/RPS classification: Class IV-G (A/C)

NIH Activity and Chronicity Indices:

Activity: subendothelial deposits 2+, glomerular hypercellularity 3+, exsudate of neutrophils 2+,
necrosis 2+, cellular crescents 2+, interstitial inflammatory infiltrate 3+. Total = 14

Chronicity: glomerular sclerosis 1+, tubular atrophy 1+, interstitial fibrosis 1+. Total =3

Box 1.
Biopsy Report Interpretation of Lupus Nephritis
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indices useful, and the biopsy reports should include routinely, with a detailed
description of the types of active and chronic lesions and proportion of glomeruli
affected (Figures1-3 and Box 1). Despite these unresolved controversies, active
lesions versus chronic lesions, in addition to class of LN, influence response to
therapy. The ISN/RPS recently presented a consensus report from a meeting of

an international nephropathology working group in 2016. Briefly, they proposed
new definitions for mesangial hypercellularity and different patterns of crescents;
endocapillary proliferation was replaced by endocapillary hypercellularity, the
IV-S and IV-G subclasses were eliminated, and active and chronic designations of
class III and IV were replaced by the activity and chronicity indices that should be
applied to all classes. In order to improve the LN classification, further studies will
be carried out to validate the new proposal [38].
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Chapter 3

Lupus Nephritis: Current Updates
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Abstract

Lupus is a heterogenous multisystem autoimmune disease whereby nephritis is
one of its most common cause of overall morbidity and mortality. Accurate, timely
diagnosis and effective treatment in lupus nephritis (LN) remains a challenge to
many clinicians including those who are directly involved in the daily care of these
patients. Despite significant improvement in patients’ survival rate in recent years,
in this era of precision medicine, there is pressing need to further improve our
understanding and management of this disease. Our chapter would shed light on
the key issues in LN including recent advances in our scientific understanding of its’
pathophysiology, major challenges and treatment strategies.

Keywords: SLE, lupus, nephritis

1. Introduction

Lupus nephritis (LN) is the most common severe organ manifestation of systemic
lupus erythematosus (SLE). It may be the presenting manifestation of SLE and
usually arises within 5 years of diagnosis [1]. Approximately 40-70% of SLE patients
will develop LN [2] with histopathological changes observed in most patients even
among those without renal manifestations (known as “silent LN”; mostly with
“milder” class I and II histologic lesions) [3, 4]. Clinical presentation of LN is highly
variable, ranging from asymptomatic proteinuria with normal renal function to
rapidly progressive renal failure.

Recent data demonstrates reduction in the temporal mortality trend among
end stage renal disease (ESRD) LN patients [5]; however, the risk of progression
to ESRD in LN remains unchanged [5, 6]. Despite significant improvement of
outcome in this modern era, less than 50% of patients achieve complete clinical
remission following immune suppression [7] with 10-20% of patients progressing
to ESRD [8]. This chapter explores recent studies that have substantially contrib-
uted to our understanding of LN and provides new insights into the epidemiology,
pathogenesis, classification criteria and management strategies of LN.

2. Epidemiology
The prevalence of SLE and LN varies based on age, gender, geographical location,
socioeconomic status and ethnicity. There are also disproportionate differences in

the incidence and prevalence, depending upon the validated classification criteria or
methods of case ascertainment used.
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2.1 Systemic lupus erythematosus (SLE)

In a large retrospective study performed in the United Kingdom (UK) involving
more than 7,000 SLE cases between 1999 and 2012, the overall annual incidence of
SLE was 4.9 cases per 100,000 population per year with overall prevalence of 97 per
100,000 population; highest in Afro-Caribbean ethnic subgroup (517 per 100,000),
followed by the Indian subgroup (193 per 100,000) while Caucasian subgroup was
134 per 100,000 [9]. Other studies found similar estimates with annual incidence
between 4 and 8 cases per 100,000 population per year. Expectedly, the worldwide
prevalence of SLE also varies between 30 to 90 cases per 100,000 population,
highest in the African populations, lowest in Caucasians, with Hispanic and Asian
subgroups in between the two extremes [10, 11].

All studies worldwide have demonstrated marked predominance of women in
SLE, between 6 and 9 times higher than men. In the United States (US) and UK,
the peak incidence was in women aged between 40 and 59 [10, 12]; in contrast,

a population based study in Taiwan involving almost 7000 SLE patients revealed
earlier peak incidence in women aged between 20 and 29 [13], a consistent trend
among other studies in the Asia-Pacific region [14].

2.2 Lupus nephritis (LN)

Renal involvement occurs in 25-50% of SLE patients at the time of diagnosis
[15]. The cumulative incidence, again, varies according to ethnicities. In a US study
involving three ethnic subgroups, the incidence of LN was found to be the highest
among the African subgroup (69%) followed by Hispanics (61%) and Caucasians
(29%) [16]. In the Asia-Pacific region, the cumulative incidence of LN varies
between 30% and 82%, lowest in Australian and highest in Malaysian populations
respectively [14].

Despite higher overall incidence of SLE in women than in men, strikingly, renal
involvement was found to be 50% higher in SLE men in a meta-analysis involv-
ing nearly 12,000 SLE patients across multiple countries [17]. Left untreated, LN
carries significant morbidity and mortality, with the mortality rate estimated to
be 6 times higher than general population. However, with the current therapeutic
options, the 10-year survival for patients with LN can exceed 98% [18].

3. Pathogenesis

The pathogenesis of LN is complex and achieving full understanding of its patho-
physiologic mechanisms has proved challenging due to the molecular and phenotypic
heterogeneity. Genetic predisposition, epigenetic dysregulation and environmental
triggers are all likely to contribute to the disease expression [1, 19, 20]. Dysregulation
of both innate and adaptive immune responses manifested by disturbance in apop-
totic cell clearance, cytokines stimulation, B-cell immunity and T-cell function leads
to glomerular and/or tubulointerstitial injury.

Production of autoantibodies targeting self-DNA, other self-nuclear antigens
and non-nuclear materials results from loss of immune self-tolerance and autoim-
munity in genetically predisposed individuals. Formation of immune complexes
(ICs) may occur in circulation and deposits in various organ systems including the
kidneys. Antibodies can also directly target in situ nephritogenic antigens at the
major resident renal cells (mesangial cells, glomerular endothelial cells, tubular
epithelial cells and podocytes) [21]. Co-stimulation by Fc receptors (FcRs) and
endosomal Toll-like receptors (TLRs) leads to activation of the complement
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system and subsequent release of cytokines and chemokines leading to renal
tissue injury [22-25]. Anti-Clq antibodies, while not exclusive to LN, are strongly
associated with renal inflammation and severe LN, amplifying complement
activation in situ [26, 27].

Overactivation of 1) Interferon (IFN)-I signalling pathway, which is regulated
by dendritic cells (DCs), interleukins (eg. IL 12/23), JAK1, TYK2 and various
STAT proteins and 2) NFkB are both implicated early in the innate immune
response and play major roles in the pathogenesis [28, 29]. Adaptive responses
including persistent activation and interaction of aberrant polyclonal Band T
cells involving multiple co-stimulatory molecules promote chronic inflammation
and renal tissue damage. Studies have also uncovered that formation of long-lived
memory T-cells and plasma cells that reside in survival niches in bone marrow
and inflamed tissue render them resistant to conventional immunosuppression or
B cell therapies [30].

B cell activation factor (BAFF)/B-lymphocyte stimulator (BLyS) promotes
formation of tertiary lymphoid structures (TLSs) that contribute to lymphocyte
priming and autoantibody production within the kidneys [31] while evidence in
patients and animal models have demonstrated high levels of IL-17 producing T
cells in LN [32]. Several other regulators of apoptosis have also been implicated in
the development of LN including dysregulation of autophagy, BCL-2, phosphatase
and tensin homologue (PTEN), mannose-binding lectin (MBL) and neutrophil
extracellular traps (NETs) among several others [33-40].

More than 10 genome-wide association studies (GWAS) have been conducted
thus far with more than 50 genes implicated involving various pathogenic mecha-
nisms in the pathogenesis of SLE, some associated with LN [2, 41]. These candidate
genes are likely to undergo further evaluation and validation from deep sequencing
and mechanistic studies. Mohan et al. have elegantly categorised the implicated
genes into four functional groups; genes that influence 1) lymphocyte activation,
particularly B cells (eg. BLK, STAT4, TNFSF4, HLA-DR) 2) innate immune signal-
ling (notably NF«B and IFN-I; eg. IKZF1, IRF5, TLR9, TNFAIP3) 3) intra-renal
signalling (eg. ACE, KLK) and 4) handling of apoptotic material, chromatin
and ICs (eg. ATG5, ITGAM, FCGR2A/3A/3B); genetic interaction from multiple
categories is required for severe LN to develop [2].

The TLR7 gene, which is located at chromosome X, has recently been the focus
of considerable research in SLE and LN. Theories regarding the contribution of
TLR7 gene have included 1) Enhanced TLR7 protein expression in renal DCs and
macrophages which correlated with renal disease parameters in murine models
[42] 2) Emerging evidence that TLR7 dosage is a key pathogenic factor to the
pathogenesis of SLE: Dillon et al. assembled the largest group consisting of 316 men
with SLE and found high prevalence of SLE in X chromosome aneuploides such as
Klinefelter’s syndrome (KS; 47, XXY) and de la Chapelle’s syndrome (46, XX male)
[43] while recently, Souyris and colleagues provided proof that TLR7gene evades
X chromosome inactivation in immune cells in women and KS men, and proposed
this as a mechanism for the elevated risk of SLE in women and KS [44], which may
partially explain the high preponderance of SLE in females.

4. Diagnosis and classification
Current non-invasive SLE biomarkers such as proteinuria or active urine
sediment, serum creatinine, anti dsDNA and hypocomplementemia could not

reliably confirm the presence, severity and/or chronicity, or predict the outcome of
LN. Many novel biomarkers are currently being explored in the management and
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as therapeutic target in LN; unfortunately, none so far had been utilised in daily
clinical practice [45].

In patients suspected of LN, certain clinical and laboratory features may how-
ever predict the class of LN a patient may have. In a retrospective study analysing
297 renal biopsies of SLE patients with some degree of proteinuria, absence of
malar rash, negative anti-dsDNA and urine leukocytes of <5/high power field
under microscopy are independent predictors for class II LN. Class III or IV can
independently be predicted by younger age at diagnosis (<32 years), musculo-
skeletal involvement, hypertension, presence of anti-dsDNA, elevated creatinine
level, absence of nephrotic range proteinuria and presence of leucocytes and
cellular cast in urine. Older age, malar rash and low C3 level may be predictive for
classV LN [46].

4.1 Role of renal biopsy

Renal biopsy is the gold standard for the diagnosis and current classification of
LN. The histological findings may assist physicians to optimise therapeutic strate-
gies in individual patients, including assessing disease activity and/or chronicity for
guidance to escalate or de-escalate immunosuppression accordingly. It is an invasive
procedure with potential risks, most notably bleeding; however, given the lack of
available biomarkers to identify disease activity, it remains an irreplaceable tool and
mainstay of current management in LN.

Indication for a renal biopsy includes significant proteinuria of >0.5 g/day
(or equivalent), certain unclear acute elevation of serum creatinine level, and in
patients with severe disease relapse (Table 1) [47]. Biopsy is rarely done in patients
with isolated haematuria or proteinuria of <0.5 g/day; hence, class I LN is rarely
seen in the histology. Performed by either experienced nephrologist or interven-
tional radiologist, adequate tissue is obtained in >95% of times.

Given the location of kidney where no direct compression can be performed
post biopsy, bleeding (as detected by routine CT scan or ultrasound post biopsy)
was found to be common, ranging in 57-91% of patients [48]; however, the actual
incidence of clinically important bleeding is small. Meta-analysis of 34 relevant
studies found low rates of macroscopic haematuria (3.5%) and blood transfusion
(0.9%), with lower rates yielded in need for interventions (0.6%) such as catheter
insertion for bladder obstruction (0.3%) and nephrectomy (0.01%) and death
(0.02%) [49].

The bleeding risk increases in females, use of larger needle (14-G), elevated
serum creatinine (>176 umol/L) or acute renal failure, uncontrolled systolic blood
pressure (>170 mmHg) [49, 50] and in patients with coagulopathies or are on
anticoagulation/antiplatelet agents. Most serious complications are detected within
4 hours of biopsy, and majority within 12 hours [51, 52]. Routine 1-hour post biopsy
ultrasound for presence of haematoma to predict complication has not been shown
to be clinically beneficial (positive predictive value of 43%; negative predictive
value of 95%) [53].

Should biopsy May biopsy
Proteinuria >0.5 g/24 hours Isolated haematuria or pyuria
Unexplained renal insufficiency Proteinuria less than 0.5 g/24 hours
Differentiating activity vs. chronicity ‘Protocol’ biopsy during/after treatment
Severe relapse Mild relapse

Table 1.

Possible indications for kidney biopsy in SLE patient.
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The role of repeat renal biopsy in LN flares is controversial. In essence, a repeat
biopsy is required if it may change management; for example, this is particularly
true in a patient with stable renal function who developed sudden deterioration of
creatinine associated with active urine sediment. This may reflect the possibility of
crescentic glomerulonephritis (GN) that warrants stronger immunosuppression.
During LN flare, histological transformation is more likely to occur if the initial
histology revealed non-proliferative disease (initial class II); although, many would
still have persistent active lesions in proliferative disease [54, 55].

Renal biopsy may also be considered to determine disease chronicity in patients
with persistent proteinuria and lower glomerular filtration rate (GFR), which
warrant de-escalation of immunosuppression. It is well documented that repeat
biopsies lead to change to immunosuppression in more than half of the cases [55].

Decision to stop maintenance immunosuppression in LN is often challenging
and some researchers perform ‘protocol biopsies’ after a period of complete clinical
remission to guide withdrawal of treatment. Its’ value however is still debatable,
as studies mostly looked at the prognosis based on the histological features [54]. In
a study by De Rosa et al., 36 LN patients on immunosuppressive therapy for more
than 3 years and in clinical remission (proteinuria <0.5 g/day) were re-biopsied.
Regardless of the results of biopsy, the immunosuppressive medications were
tapered down. Those patients with residual activity in histology had higher chance
of relapses upon reducing therapy [56], which supports histology-based approach
in treatment withdrawal.

4.2 Classification criteria
4.2.1 SLE and renal involvement

The revised American College of Rheumatology (ACR) 1997 criteria specifies
that a patient can be diagnosed with SLE if 4 of 11 criteria are met at any interval of
observation (Table 2). Renal involvement can be considered if patient developed
proteinuria of >0.5/day or appearance of cellular cast (red cells, haemoglobin, gran-
ular, tubular or mixed) [57]. The 2012 Systemic Lupus International Collaborating
Clinics (SLICC) criteria divided SLE features into 11 clinical and 6 immunologic
criteria, where SLE can be fulfilled by a) biopsy-proven LN in presence of ANA or
anti-DNA antibodies or b) meeting >4 of 17 criteria, with at least 1 criterion from
each division [58].

European League Against Rheumatism (EULAR)/ACR published a new set of
criteria for SLE diagnosis in 2019 [58]. It employs the strategy that ANA must be
positive for the diagnosis to be considered, followed by 10 domains with different
individual weightage; diagnosis can be made if total score reaches 10 points, again
with renal involvement carrying a high weight between 4 and 10 depending on the
renal manifestations (Table 2) [59].

4.3 Diagnosis of lupus nephritis

The clinical presentations of LN may differ ranging from asymptomatic hae-
maturia to rapidly progressive GN. All patients with SLE should have urinalysis
checked on regular basis to detect renal involvement. Presence of significant pro-
teinuria would trigger the need for a renal biopsy, although many would perform
biopsies for reasons such as persistent haematuria and elevated serum creatinine
[54]. Biopsy is critical to distinguish between active nephritis, non-glomerular
pathology of SLE (such as tubulointerstitial nephritis or thrombotic microangi-
opathy) and disease chronicity (such as interstitial fibrosis, tubular atrophy and
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ACR1997

SLICC 2012

ACR 2019

4 out of 11 criteria

4 out of 17 criteria, with at
least 1 from each domain

Fulfil the entry criterion, followed by 10
points in additive criteria

Malar rash

Discoid rash
Photosensitivity

Oral ulcer

Arthritis

Serositis

Renal disease
Neurologic disorder
Haematologic disorder
Immunologic disorder
ANA positive

Clinical Domain

Acute cutaneous lupus
Chronic cutaneous lupus
Oral ulcer

Synovitis

Non-scarring alopecia
Serositis

Renal

Neurologic

Haemolytic anaemia
Leukopenia or lymphopenia
Thrombocytopenia
Immunologic Domain
ANA

Anti dsDNA

Anti-Sm

Antiphospholipid antibody
Low complement

Direct Coombs test

Entry criterion

ANA positive

Additive criteria

Clinical domain
Constitutional

Fever (2)

Haematologic

Leukopenia (3)
Thrombocytopenia (4)
Autoimmune haemolysis (4)
Neuropsychiatric

Delirium (2)

Psychosis (3)

Seizure (5)

Mucocutaneous
Non-scarring alopecia (2)
Oral ulcers (2)

Subcutanoues OR discoid lupus (4)
Acute cutaneous lupus (6)
Serosal

Pleural/Pericardial effusion (5)
Acute pericarditis (6)
Musculoskeletal

Joint involvement (6)

Renal

Proteinuria > 0.5 g/24 h (4)
Renal biopsy class 11 or V (8)
Renal biopsy class III or IV (10)
Immunology domain
Antiphospholipid antibodies
Anti-cardiolipin OR
anti-B2GP1 antibodies OR
lupus anticoagulant (2)
Complement proteins

Low C3 OR low C4 (3)

Low C3 AND low C4 (4)
SLE-specific antibodies
Anti-dsDNA antibody OR
anti-Smith antibody (6)

Table 2.

Criteria for SLE diagnosis based on different criteria.

glomerulosclerosis). Importantly, biopsy findings should be interpreted and
correlated carefully with patients’ clinical features and serology.

In an analysis by Ishizaki et al. of 48 SLE patients who had renal biopsies but
no urine abnormality, 36 patients were identified to have some morphologic
changes. Although majority had class I/II (72%), six (17%) patients were found
to have class III/IV LN [60]. LN has characteristic histological features that
differ from other glomerular pathology and may involve lesions in the glomeru-
lar, vascular or tubulointerstitial structures. Analysis of 860 renal biopsies by
Kudose S et al. confirmed 5 histopathological features of LN; 1) “full-house”
staining by immunofluorescence (IF) 2) intense C1q staining 3) extraglomerular
deposits 4) combined subendothelial and subepithelial deposits and 5) endothe-
lial tubuloreticular inclusion [61].
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The first published classification of glomerular changes in LN was formulated
in 1974 under the auspices of the World Health Organisation (WHO; Table 3).

It divides glomerular changes into five classes, which became the basis of today’s
classification. Class I applies to biopsies with no detectable changes in glomeruli;
class II for pure mesangial disease, class III and IV were defined as proliferative
disease, with the former affecting <50% of glomeruli and latter >50%. Class V was
for membranous changes. This was modified in 1982, which include replacement of
“focal proliferative” term to “focal segmental” GN and addition of a new category,
class VI, which denoted advanced sclerosing GN (Table 3) [62].

Due to inconsistencies and ambiguities of the available classification criteria,
under the auspices of International Society of Nephrology/Renal Pathology
Society (ISN/RPS), a new classification of LN was proposed in 2003 [63].

While keeping the overall architecture of the 6 classes in LN, several significant
changes were made and emphasis was given to standardisation of biopsy reports.
Definition of class I was changed to normal glomeruli under light microscopy

but with mesangial deposits under IF. There was also subdivision of class IV into
diffuse segmental (IV-S) or diffuse global (IV-G), while terms active (A), chronic
(C) or acute-on-chronic (A/C) lesions were also introduced.

The ISN/RPS classification for LN was revised in 2018; among the changes
include elimination of the subdivisions of class IV into segmental (IV-S) or global
(IV-G), replacement of previous denomination of active (A) and chronic (C) to
the actual activity indices (maximum score for activity index is 24 and chronicity
index is 12; Table 4), and preference for the term “hypercellularity” rather than
“proliferation” [64]. The lack of classification for tubulointerstitial and vascular
involvement in LN will be addressed and revised after the next (phase 2) interna-
tional nephropathology working group evaluation and recommendations [64].

WHO 1974 ISN/RPS 2003 ISN/RPS 2018
Class I Class I Class I
Normal glomeruli Minimal mesangial lupus nephritis Minimal mesangial lupus

nephritis d

Class IT Class IT Class IT

Pure mesangial alteration Mesangial proliferative lupus Mesangial proliferative
nephritis lupus nephritis ¢

Class I Class ITT Class IIT

Focal proliferative Focal lupus nephritis *® Focal lupus nephritis ¢

glomerulonephritis

Class IV Class IV Class IV

Diffuse proliferative Diffuse segmental (IV-S) or global Diffuse lupus nephritis d
glomerulonephritis (IV-G) lupus nephritis *®

Class V Class V Class V

Membranous glomerulonephritis Membranous lupus nephritis © Membranous lupus

nephritis ¢

Class VI Class VI
Advanced sclerosing lupus nephritis Advanced sclerosing lupus
nephritis ¢

*WHO: World Health Organisation; ISN/RPS: International Society of Nephrology/Renal Pathology Society; a:
indicate the proportion of glomeruli with active and sclevotic lesions; b: indicate the proportion of glomeruli with
fibrinoid necrosis and cellular crescents; c: may occur in combination with class I1I or IV; d: activity and chronicity
indices (total scores of 24 for activity, 12 for chronicity).

Table 3.
Lupus nephritis classification.
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Items Score Comment
Activity Index
Endocapillary hypercellularity 0to3+ 0 to 3+ based on % involvement of glomeruli
or tubulointerstitium. O = none, 1+ = <25%
s/ . s s
Neutrophils/karyorrhexis 0to3+ 24 = 25-50%, 3+ = > 50%.
Fribrinoid necrosis 0to 3+ (x2)
Hyaline deposits 0to3+
Cellular/fibrocellular crescents 0to 3+ (x2) Double weightage for fibrinoid necrosis and
. R cellular/fibrocellular crescent.
Interstitial inflammation 0to3+
TOTAL 24
Chronicity Index
Total glomerulosclerosis score 0to3+ 0 to 3+ based on % involvement of glomeruli
Fibrous crescent 0t03 or tubulointerstitium. O = none, 1+ = <25%,
i 2+ =25-50%, 3+ = > 50%.
Tubular atrophy Oto3+
Interstitial fibrosis 0to3+
TOTAL 12
Table 4.

Modified NIH activity and chronicity scoring system (ISN/RPS 2018).

5. Management
5.1 Current management strategies

Early treatment in LN has been shown to improve outcome; however, effective
management remains a challenge. It requires a multidisciplinary team approach
(MDT), ideally by rheumatologists, nephrologists and nephropathologists. The
cornerstone of treatment entails corticosteroids, antimalarial, and steroid-sparing
agents (conventional immunomodulators and/or biological therapies) tailored to
individual patients based upon histological class and severity to achieve rapid resolu-
tion of inflammation, proteinuria <0.5-0.7 g/day by 12 months (or up to 24 months
in baseline nephrotic range proteinuria) [47] and prevention of relapsing episodes.

5.1.1 Induction phase

While there is little agreement for class II LN, in active proliferative class III, IV
and pure membranous class V (with nephrotic range proteinuria or proteinuria >1 g/
day despite optimal use of renin-angiotensin-aldosterone system (RAAS) blockers),
the current recommendation for initial induction treatment options include either
low-dose intravenous cyclophosphamide (CYCi; 500 mg fortnightly infusions for
3 months) or mycophenolate mofetil (MMF; 2-3 g/day or mycophenolic acid (MPA)
at equivalent dose) [47, 65-68]. This is combined with high-dose pulsed intravenous
methylprednisolone followed by oral corticosteroid taper. High-dose CYCi is reserved
for patients with severe LN due to its’ various unfavourable side effects (mainly severe
cytopenias and infection, cystitis, ovarian failure, cervical dysplasia and malignancy).

The use of calcineurin inhibitors (CNIs) namely tacrolimus (TAC) and cyclo-
sporin (Cys) either as monotherapy or as part of a multitarget regimen therapy
(with MMF/MPA and glucocorticoid) may have a favourable efficacy to induce
remission. Meta-analysis in 2017 which included 45 induction trials of diverse
participant background confirmed superior efficacy in induction by multitarget
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therapy compared to CYCi [69]; however, safety concern with its long term use
mainly of chronic progressive irreversible nephrotoxicity remains an issue [70].

5.1.2 Maintenance phase

In the maintenance phase of treatment where less intensive therapy is required,
MMF (1-2 g/day or MPA at equivalent dose) or azathioprine (AZA) are the drugs
of choice [47, 71, 72] (with or without low dose <7.5 mg/day corticosteroid),
depending on the induction regimen and plan for pregnancy. Hydroxychloroquine
(HCQ) is recommended for all LN patients in the absence of contraindications
[47]. Due to possible ocular toxicity, the dose should not exceed 5 mg/kg body
weight and should be adjusted in patients with renal and liver disease, with regular
ophthalmological screening.

5.1.3 Refractory lupus nephritis

Rituximab (RTX), although off-label, is not only indicated in patients refractory
to conventional therapy or after great cumulative dose of CYCi, but also in patients
of child bearing age [47, 73, 74]. Another B-cell targeting therapy which inhibits
BlyS, Belimumab has recently been proven to be beneficial as add-on to the stan-
dard of care (SOC) therapy (mainly in the MMF subgroup) with primary efficacy
renal response seen by week 24 and sustained through week 104 [75].

It is recommended not to discontinue immunosuppression too early as most
renal flares occurs during this period. Treatment withrawal can be considered in
patients with sustained complete remission for 3-5 years, with treatment deescala-
tion prior to complete withrawal of therapy [47]. Close monitoring of patients and
management of co-morbidities including blood pressure (BP) control, treatment
of hyperlipidaemia with statins and proteinuria with RAAS blockers are important,
while vaccination against influenza and Streptococcus pneumoniae are strongly
recommended. Repeat renal biopsy may be considered to guide the duration of
maintenance immunotherapy and may be required in patients with incomplete
response or recurrent LN flares [47, 65].

5.2 Future novel therapeutic options

Developing more effective treatment strategies in LN remains a priority among
clinicians and researchers across the globe; however, major challenges exist in
its advancement due to the complex pathophysiology and heterogeneity, which
directly impact on clinical trial design and overall outcome. Moreover, most trials
are conducted with background therapy, which is difficult to control during the
study and its subsequent analysis, as there is no clear definition in the SOC [76].
Notwithstanding this, extensive therapeutic strategies have emerged with wide
array of novel treatments to improve patient outcomes. Major trend in current
treatment landscape for LN focuses on reduction of steroid use.

There is gathering evidence, especially in more recent times, documenting the
successful safe use of Belimumab, a monoclonal antibody (mAb) directed against
BlyS as an add-on therapy in LN, especially in patients with low complement levels
and high anti-DNA antibodies [75, 77]. It is the first targeted therapy and currently
the only biological agent approved specifically for LN. There is also increasing
interest in the sequential use of two B-cell targeting agents, RTX and Belimumab in
active LN [78, 79] with a phase III trial already underway [80]. The rationale for this
approach is due to the hypothesis that their co-administration may enhance deple-
tion of circulating and tissue-resident autoreactive B cells.
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Another potent BAFF-inhibitor, Blisibimod, was associated with reduction in
steroid use, decreased proteinuria and biomarker responses in a multinational
phase III trial [81]. Tabalumab, a selective mAb that neutralises both membrane and
soluble BAFF, despite having the same therapeutic class, on the contrary did not
yield the expected positive statistical significance results in two phase III studies
involving SLE patients; however, only approximately 10% of patients in these stud-
ies had renal involvement [82, 83].

Voclosporin, a novel next generation CNIs (an analogue of cyclosporin) with
enhanced calcineurin inhibition, better safety profile and consistent predictable
dose response, despite initial safety concerns in the prior phase II study [84], has
recently been demonstrated in a phase III trial to be highly effective for treatment of
LN when combined with MMF, with acceptable safety profile, at least for the short
term (52 weeks) [85]. More importantly, it has just received the approval by the
United States’ Food and Drug Administration (FDA) on the 22nd of January 2021,
making it the only second targeted therapy approved specifically for LN [86].

There is emerging theoretical evidence for targeting autoantibody-secreting
long-lived plasma cells (PCs) that recide in dedicated survival niches in the bone
marrow or inflammed tissues of LN patients. Bortezomib, a proteasome inhibitor
has been shown to be effective in both animal models and real-world setting but is
limited by treatment related toxicity [87-89]. Recently, Ostendorf and colleagues
have demosntrated succesful use of Daratumumab, a mAb that targets CD38 and
depletes PCs with acceptable safety profile in a patient with refractory LN [90]. The
experience of its use however is still limited and more data will be required.

Obinutuzumab, a novel anti-CD20 mAb demonstrated encouraging sustained
18-months B-cell depletion and renal response in a phase II trial with further evalu-
ation in phase III trial underway (can be accessed at ClinicalTrials.gov with identi-
fication number: NCT04221477) [91]. BI 655064 (anti CD40 mAb; NCT02770170)
has recently completed a phase II trial as add-on therapy to SOC treatment in active
LN and awaiting evaluation. Other biological agents currently undergoing clini-
cal trials in the treatment of LN include Anifrolumab (Type I IFN receptor mAb;
NCT02547922) in phase II, while Dapirolizumab (pegylated anti CD40 ligand,;
NCT04294667) and Secukinumab (anti-IL-17 mAb; NCT04181762) are both in
phase III trials [92].

A pipeline of novel agents in LN are being developed or asssesed in clinical trials
including Ravulizumab (novel anti complement C5 antibody; NCT04564339),
Guselkumab (IL-23 inhibitor; NCT04376827), Itolizumab, (anti CD6 antibody;
NCT04128579), KZR-616 (proteasome inhibitor; NCT03393013), Iguratimod
(novel small molecule; NCT02936375), and BMS-986165 (novel tyrosine kinase 2
(TYK2) inhibitor; NCT03943147) among many others [92].

Targeting the JAK/STAT signalling pathway with Tofacitinib, or CP-690, 550
have been shown to be effective in murine LN model and may potentially serve
as therapeutic target in LN [93, 94]. Successful Bruton’s Tyrosine Kinase (BTK)
inhibition in several studies involving mice LN models supports Kong et al. finding
of significantly upregulated BTK expression in glomerulus of LN patients and may
potentially be a therapeutic target in LN [95-97].

Despite looking promising in SLE, a placebo-controlled phase II/III study to
evaluate Atacicept (recombinant fusion protein that inhibits BAFF/BLyS or APRIL)
in combination with MMF and corticosteroids in active LN patients was prema-
turely terminated due to unexpected substantial decline in serum IgG and serious
pneumonia infections in Atacicept-treated patients [98, 99]. Abatacept, a recom-
binant fusion protein co-stimulation modulator, trialled as add on to SOC in LN
failed the primary end point of a phase III trial despite demonstarating more rapid
reduction of proteinuria and earlier sustained remission [100].
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Newer treatment paradigms showing promising results include succesful use
of autologous haematopoietic and allogeneic mesenchymal stem cell transplanta-
tions for LN in animal studies and among Asian patients [101-106] while Yu et al.
demonstrated in vitro the protective role by vitamin D in podocyte injury induced
by autoantibodies from patients with LN and suggested possible role of vitamin D
as anovel therapy target in LN [107].

6. Special considerations
6.1 Pregnancy and lupus nephritis
6.1.1 Pre-pregnancy

Women of childbearing age with LN should understand and be counselled about
the potential risks of pregnancy, even if she is in complete remission. Age, previ-
ous pregnancy complication, duration from last LN relapse, medication exposure,
treatment adherence, blood pressure (BP) control and current disease status are
among the important factors that may determine the outcome of future pregnancy.
Baseline complement levels, antibody status for dsSDNA, SS-A and SS-B, presence
of antiphospholipid antibodies (aPL; notably lupus anticoagulant antibody) and
urinalysis for proteinuria should be obtained prior to pregnancy.

Possible maternal complications include flare of nephritis, uncontrolled hyper-
tension, pre-eclampsia, risk of Caesarean section, worsening renal function and
thrombosis. Foetal risks include prematurity, growth retardation, congenital heart
block and intrauterine death [108]. Patients with active disease at conception,
uncontrolled hypertension, proteinuria of >1 g/day and abnormal renal function
have the highest risk for complications; therefore, good control of disease prior to
pregnancy is critically important to optimise pregnancy outcome and ideally the
pregnancy should be planned.

Patients on MMF should be transitioned to pregnancy-safe immunosuppressive
drugs such as AZA or TAC, while HCQ should be continued throughout pregnancy.
MMF exposure especially after the first trimester increases the risk of miscarriage
and congenital malformation [109], and practically should be stopped at least
3-6 months prior to conception to ensure disease control is maintained with the
new agent(s) [47]. CYC is also teratogenic, associated with premature ovarian
failure and increases miscarriage rate [110].

RAAS blockers should ideally be stopped before conception due to possible tera-
togenicity risk [111]; however, later publications seemed to suggest that they may be
safe to be used until pregnancy is confirmed [112]. This is important especially for
those who have residual proteinuria as attempt to conceive may take months or even
years of effort. Stopping RAAS blockers early on in these patients would essentially
exclude them from its’ benefits.

6.1.2 During pregnancy

Multidisciplinary team approach is important during pregnancy and should
ideally involve the obstetrician, neonatologist, nephrologist and rheumatologist.
Majority of patients (80%) with quiescent LN would have successful pregnancies
[113]; however, about a third may relapse during pregnancy [108]. Identification
of patients who are at higher risk is important when pregnancy begins, as these
patients will require closer observation to ensure good maternal and foetal out-
comes (Table 5) [109, 114-118].
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Baseline risk assessment Possible complication

Active disease during conception Pregnancy loss, pre-eclampsia, IUGR, prematurity [114]
Proteinuria >1 g/day Worsening renal function, pre-eclampsia [115]

Uncontrolled hypertension Pregnancy loss, IUGR, prematurity, pre-eclampsia [114]

Presence of SS-A antibody Neonatal lupus (congenital heart block) [116]

History of recent acute kidney injury Pre-eclampsia, IUGR and prematurity [117]

Chronic kidney disease Worsening renal function, prematurity, IUGR, preeclampsia [118]
Mycophenolate exposure during Miscarriage and embryopathy involving ear, mouth, finger and
pregnancy ocular malformation [109]

*IUGR: Intra-uterine growth retardation.

Table 5.
Baseline risk assessment during pregnancy.

During early pregnancy, BP would usually remain normal even in patients
who required antihypertensive before pregnancy. Gradually, BP may rise as preg-
nancy progresses, requiring reintroduction of hypertensive medications such as
labetalol, methyldopa or nifedipine. BP control should be targeted to be less than
140/90 mmHg [119]. As these patients are at higher risk to develop pre-eclampsia,
high dose calcium supplementation and aspirin should be prescribed before enter-
ing 16 weeks of gestation [120, 121]. Ultrasound screening including uterine and
umbilical artery Doppler to detect early signs of placental insufficiency may be
performed at regular interval, especially in high-risk patients.

Hydroxychloroquine is safe during pregnancy and discontinuation has been
associated with lupus flare. It also significantly reduces the risk of foetal congenital
heart block in patients with positive SS-A (anti-Ro) [116]. Other drugs for consider-
ation in LN and compatible with pregnancy include AZA, CNIs (TAC, Cys), plasma
exchange and intravenous immunoglobulins. Data on RTX in pregnancy is limited,
although some clinicians have used it safely in early trimester without apparent
complication [122]. LN flare during pregnancy can be treated with drugs mentioned
above and with addition or increased dosage of steroid. Pulsed intravenous methyl-
prednisolone may be given during severe flares, followed by oral prednisolone [114].
While use of steroid is associated with elevated BP and new onset diabetes, it is prob-
ably not related to cleft lip and palate as previously thought [123, 124] (Table 6).

Medication Pregnancy Breastfeeding
Cyclophosphamide  Increased risk of teratogenicity, especially in 1st trimester May cause infants’ bone
marrow suppression
Mycophenolate Increased risk of congenital malformation and miscarriage Limited data, not
recommended
Azathioprine Relatively safe. Alternative to mycophenolate Relatively safe

Hydroxychloroquine Relatively safe. Improve outcome in antiphospholipid syndrome  Relatively safe

Glucocorticoids Increase risk of hypertension, preeclampsia, GDM. May have  Relatively safe
neutral effect on cleft lip and palate

Calcineurin inhibitor  Increase risk of high blood pressure and diabetes. Relatively safe ~Relatively safe

Rituximab Limited data. No teratogenic effect in animal. 1st trimester use Limited data
may be possible.
Immunoglobulin Safe in pregnancy. Headache & rash common side effect Relatively safe

*GDM: Gestational diabetes mellitus.

Table 6.
Summary of immunosuppressive drugs during perinatal period.

46



Lupus Nephritis: Curvent Updates
DOI: http://dx.doi.org/10.5772/intechopen.96891

Differentiating between pre-eclampsia and LN flare in pregnancy may be
difficult, especially after 20 weeks gestation. Features like proteinuria, high BP,
thrombocytopenia and renal impairment are common in both conditions. Red cell
cast in urine, abnormal level of complements and anti-dsDNA may point toward
LN flare [125]. Elevated soluble fms-like tyrosine kinase 1 (sFlt1)/placental growth
factor (PIGF) ratio may assist in predicting pre-eclampsia [126, 127] although not
commonly available in clinical practice.

Renal biopsy may be required during pregnancy but poses increased risk of
complications. In a systematic review involving data on renal biopsies performed
during pregnancy, overall complication rate was higher at 7%, compared to 1%
when performed post-partum. Importantly, 4 biopsies during pregnancy had major
bleeding complications that required blood transfusion, with median gestational
age of 25 weeks; hence, biopsy should only be considered early during the course of
pregnancy when results may lead to changes in therapy. Biopsy should be consid-
ered if LN flare is suspected and to distinguish it from pre-eclampsia, with finding
of glomerular endotheliosis would suggest the latter [128].

Multidisciplinary team approach and patients’ engagement are prudent during
severe LN flare, as pregnancy termination may be considered with risks and ben-
efits weighed carefully, so that patient can be treated with urgent cytotoxic drugs.
Overall rate for preterm delivery and Caesarean section are higher in patients with
LN. For patients with non-active disease, delivery at term should be aimed. In those
likely to deliver prematurely, dexamethasone should be given to accelerate foetal
lung maturation. Delivery should be aimed after 34 weeks to minimise neonatal
adverse outcomes; nonetheless, this strategy relies on the overall clinical picture.
Timing of delivery is determined by usual obstetric indications and risk of renal
deterioration. Mode of delivery does not seem to affect maternal renal function and
again should be based on the usual indications accordingly [129].

6.1.3 After pregnancy

The WHO recommends breastfeeding for all babies until 6 months of age, even
in patients on immunosuppressive therapy. Although studies found trace amount
of immunosuppressives excreted into breast milk, the amount absorbed by infant
is negligible and do not exert any clinical effect [130]. Hence, immunosuppressives
deemed safe during pregnancy such as corticosteroid, AZA and CNIs can be safely
taken during breastfeeding [114]. Post-partum, regular antihypertensive drugs such
as amlodipine or bisoprolol can be reinstated and RAAS blockers such as enalapril
or captopril can be safely used during breastfeeding [131] (Table 6).

Postpartum risk of thromboembolic disease increases in SLE especially in active
LN patients with nephrotic-range proteinuria. Preventative measure with heparin
during postpartum period is controversial, but may be considered in active LN
patients with risk factors such as advanced age, obesity, Caesarean section delivery,
and pre-eclampsia [132]. For patients with chronic kidney disease and significant
proteinuria during pregnancy, careful monitoring after delivery is required as
decline in renal function may accelerate within 6-12 months postpartum, despite
having stable renal function during pregnancy [133].

6.2 Renal transplantation in lupus nephritis
Approximately 10-20% of patients with LN will progress to ESRD, with young
female of African ancestry having the highest risk [8, 134]. In general, outcome

for renal transplant is better compared to dialysis particularly with preemptive
transplantation, including in patients with LN [135]. However, many patients
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may not be in complete remission despite dialysis initiation, making preemptive
transplantation difficult. Current guidelines suggest that clinical lupus activity

and ideally, serologically should be quiescent for 6 months and on no or minimal
immunosuppression prior to transplantation [47, 136]. Even if on dialysis, the wait-
ing time for transplant should be maximally shortened to reduce potential risk of
graft failure [137].

Although the benefit of transplantation is clear, earlier studies have suggested
that LN patients may have worse survival outcome compared to ESRD patients of
other aetiologies; however, more contemporary studies seem to abrogate this find-
ing [138]. Clinically relevant recurrence rate of SLE post transplantation is less than
5%, but it increases the risk of graft failure [136]. The rate may even be higher if
electron microscopy finding is included and protocol biopsy implemented; never-
theless, the lower rate is probably due to the similar immunosuppressive therapy
used in both transplant recipient and active LN.

During pre-transplant evaluation, particular attention should be given to
screening of aPL as its’ presence increases the risk of graft thrombosis. Patients
with APS would require careful consideration of perioperative anticoagulation to
prevent graft loss. Presence of anti-dsDNA or low complement level is not a predic-
tor for renal transplant outcomes. SLE patients have higher risk for cardiovascular
mortality hence will require careful cardiac evaluation prior to transplantation
[138]. Recurrence of LN after transplantation can be treated by increasing the dose
of the immunosuppressive drugs already being used post transplant. CYC may be
considered in severe or aggressive disease while RTX has been used in resistant
cases [139].

There is concern in LN patients of having higher risk to develop cancer with
prolonged exposure to immunosuppression. Previous exposure to CYC doubles
the risk for cancer post transplantation, primarily of the skin [140]. Prior use
of immunosuppressive therapies before transplant also increases the risk for
non-Hodgkin’s lymphoma, anogenital, breast, renal and bladder cancers [141,
142]. Furthermore, prolonged corticosteroid exposure in transplanted SLE
patients should adhere to the screening and treatment recommendations on bone
health [143].

7. Conclusion

Emerging insights into the heterogenous immunopathogenesis of LN have lead
to novel, tailored therapeutic options, resulting in significantly better disease con-
trol and prolonged remission among patients; nonetheless, more in-depth studies
are required to better understand the pathogenesis while novel therapies continue
to be tested. The advent of signature biomarkers show promise in diagnosis,
evaluation and management of LN and will continue to be validated for meaning-
ful real-world application. Timely diagnosis, prompt treat-to-target treatment,
MDT approach and adherence to therapy are important factors to preserve renal
function, prevent disease progression and significantly improve patients’ overall
outcome.

Better understanding of disease pathways and discoveries with subsequent
validation of biomarkers will provide opportunity for improvement in early detec-
tion, prognostic and disease severity prediction, subgroups stratification, treatment
adherence assessment, and decision for best treatment option in a timely manner.
Studies targeting a single organ or specific subgroup with similar disease sever-
ity, duration and background SOC therapy will assist in better assesment of drug
effectiveness and accelerate drug development in LN.
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Chapter 4

Endocrine Manifestations of
Systemic Lupus Erythematosus

Ifigenia Kostoglou-Athanassiou, Lambros Athanassiou
and Panagiotis Athanassiou

Abstract

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease affecting
all organ systems. It affects primarily female patients in the reproductive age. The dis-
ease has a variable course from very mild to severe and may be fatal. It is characterized
by exacerbations of disease activity called flares. Estrogens seem to be involved in SLE
pathogenesis as they have multiple immunomodulating properties. In SLE the autoim-
mune process affects the neuroendocrine axis. Stress modulates disease expression
in lupus patients. The disease affects the endocrine system. Hypothyroidism occurs
in SLE patients in a higher rate than that of the general population. Hyperthyroidism
is also observed in SLE, however, in the rate expected for the general population.
Hashimoto’ thyroiditis is observed in SLE in a higher rate than that of the general
population. Hyperparathyroidism is also observed in SLE, primary and secondary in
the context of renal insufficiency due to lupus nephritis. Addison’s disease is rare in
SLE. Cushing’s disease due to an adrenal adenoma has been observed, but it is rare.
Ovarian function may be compromised in SLE, due to autoimmune oophoritis or
drug toxicity. The recognition of endocrine disease in SLE is important as it may guide
proper management and symptom amelioration.

Keywords: systemic lupus erythematosus, estrogens, neuroendocrine axis, stress,
hypothyroidism, hyperthyroidism, Hashimoto’s thyroiditis, hyperparathyroidism,
ovarian function

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease affect-
ing all organ systems [1]. It affects mainly joints, skin, blood vessels, heart, lung,
kidneys, liver and the nervous system [2]. It is the prototype of systemic autoimmune
diseases. In patients with SLE the immune system attacks tissues and cells leading to
inflammation and damage [3]. The course of SLE is variable, and maybe either mild
or severe leading sometimes to fatal damage and death [4]. The disease is character-
ized by periods of exacerbation, which are called flares and periods of remission [5].
SLE occurs nine times more often in the female gender mainly in the reproductive
age, and it is more frequent in people of non-European descent [6]. Different types of
autoantibodies are present in SLE patients [7]. The B lymphocyte is believed to play a
major pathogenic role in the disease and many different autoantibodies are detected,
therefore the disease is classified as a “B-cell disease” [8, 9]. However, T lymphocytes
also play a role in the immunopathogenesis of SLE [10]. Because of the presence of
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Figure 1.
Common endocrine disovders in systemic lupus erythematosus.

many different autoantibodies, SLE is classified as a “B-cell disease.” Patients with
SLE present with symptoms and inflammatory involvement that can affect virtually
every organ [11]. The main features of SLE include the production of antinuclear
antibodies and the deposition of immune complexes in basement membranes
throughout the body where they induce an inflammatory response [12, 13]. Genetic,
epigenetic, and environmental factors contribute to the development of this autoim-
mune process. Endocrine manifestations as expected also occur in patients with
systemic lupus erythematosus [14] (Figure 1). Hypothyroidism has been observed
in a higher rate than that expected in the general population. Hyperthyroidism has
also been observed. Autoimmune Hashimoto’s thyroiditis has been observed in a
higher rate than that expected in the general population. Graves’ disease has been
observed in patients with SLE. Hyperparathyroidism has been observed in patients
with SLE, mainly in the context of lupus nephritis. Hypoparathyroidism has also
been observed. Autoimmune oophoritis leading to ovarian failure has been observed
in patients with SLE. Despite the multisystem nature of the disease, it appears that it
respects the adrenals, so that Addison’s disease is extremely rare in SLE.

2. The neuroendocrine axis in systemic lupus erythematosus

SLE is a systemic autoimmune disease characterized by a loss of self-tolerance
[15]. The immune system is activated in the disease and pro-inflammatory cyto-
kines are secreted [16]. The immune system and the neuroendocrine system are
interconnected [17]. The two systems interact in a bidirectional manner (Figure 2).
During the autoimmune inflammatory response cytokines released from immune
cells affect the neuroendocrine axis [18, 19]. In turn the neuroendocrine system
secretes hormones which modulate the immune response [20].

The main target of activation by cytokines is the hypothalamic-pituitary—
adrenal (HPA) axis. Interleukin (IL) -1a and -1b, IL-6 and tumor necrosis factor
(TNF)-a, which are released sequentially from macrophages upon activation,
are powerful activators of the HPA axis. In vitro studies in isolated hypothalamic
tissue have shown the ability of IL-1a, IL-1b, IL-6, IL-8 and TNF-a to initiate the
release of corticotropin-releasing hormone (CRH) [21, 22]. In humans, a blunted
HPA axis response to stimulation with hypoglycemia or CRH was shown in sev-
eral autoimmune diseases, including rheumatoid arthritis, Sjogren’s syndrome,
fibromyalgia and SLE [23]. However, the relationship between HPA axis reactivity
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Figure 2.
The intevaction between the neuroendocrine and immune systems in systemic lupus erythematosus.

and inflammatory disease was challenged by experiments which showed that in
high-stress situations, rats who had a robust corticosterone-response to stress
developed more severe inflammation than rats who had a less profound corticoste-
rone response [24]. Differences in the HPA axis response to stress may discriminate
patients who seem to have the same disease, but may have different responses to
treatment [25]. The HPA axis in important in regulating disease severity in SLE.
However, the development of the disease may alter the HPA axis response.
Prolactin (PRL) is a peptide hormone produced by the anterior pituitary. PRL
can be produced by lymphocytes, which in turn express PRL receptors [26, 27].
Thus, PRL may have immunomodulatory functions [27-29]. Increased PRL levels
have been observed in male and female patients with lupus [30, 31]. Furthermore,
suppression of PRL secretion with bromocriptine provides beneficial effects in
murine lupus and possibly in lupus patients [32]. Treatment with PRL breaks
tolerance and induces a lupus like illness in autoimmune mice. PRL is in effect also
a cytokine [29]. PRL receptors are distributed in the immune system [33]. Mild and
moderate hyperprolactinemia has been demonstrated in 20-30% of SLE patients
and was associated with active disease. Hyperprolactinemia may have a role in
lupus nephritis and CNS involvement of patients who have SLE [34]. Elevated PRL
levels were associated with increased disease activity in SLE and prolactin may
have a pathogenic role in SLE [35]. Thus, PRL, a peptide hormone derived from
the anterior pituitary gland and lymphocytes participates in the regulation of the
immune response, stimulates immune cells and belongs to a network of immune
endocrine interaction. Hyperprolactinemia has been found in SLE and PRL may
participate in SLE activation during pregnancy [35]. High levels of prolactin may
lead to the development or the exacerbation of an autoimmune disease such as SLE
[36]. Prolactin is a bioactive hormone acting both as a hormone as well as a cytokine
and it may act as an immunomodulator affecting the negative selection of autoreac-
tive B lymphocytes [29].

2.1 Stress and systemic lupus erythematosus

The adrenergic nervous system runs from the CNS to lymphoid organs, namely
the thymus, spleen and lymph nodes. Its effects are mediated by noradrenaline
which acts through the relevant receptors [37]. Noradrenaline receptors are
expressed by immune cells, namely T and B lymphocytes and macrophages [38].
Noradrenaline and adrenaline stimulate IL-10 and transforming growth factor-b
production, thus enhancing Th2 immunity [39, 40]. In SLE, a disease driven by
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excess IL-10, disease activity may increase during states of high catecholamine
release, such as acute stress. In a prospective study of patients with SLE, disease
flares were associated with emotional stress or with the number or severity of daily
stressors [41, 42]. Additionally, the effect of acute psychological stress induced
differential immune response in SLE patients as compared to controls [43].

The hypothalamic-pituitary-adrenal axis responds to inflammatory cytokines
[44]. It has been demonstrated that inflammatory cytokines, such as IL-1a and
IL-1b, IL-6 and TNF-a are powerful activators of the hypothalamic—pituitary-adre-
nal axis [45, 46]. In SLE patients with central nervous system involvement elevated
levels of inflammatory cytokines were observed in the cerebrospinal fluid [47]
suggesting an involvement of these inflammatory cytokines in disease pathogenesis.

2.2 Estrogens in the pathogenesis of systemic lupus erythematosus

SLE is a disease affecting primarily female patients in the reproductive age [48].
Evidence exists implicating estrogens in the pathogenesis of SLE [49]. An extensive
cross-talk takes place between estrogen and the immune system. Estrogens are a
major modulating factor of the immune response [50] (Figure 3). Epidemiological
evidence implicates estrogens in the pathogenesis of SLE, as during childhood
where estrogen secretion is minimal the female: male ratio is 3:1 as opposed to 9:1
in the reproductive age. In the postmenopausal period the ratio is 8:1 [51]. Evidence
has shown that women with early menarche, or treated with oral contraceptives or
hormone replacement therapy have an increased risk for SLE [52, 53]. The presence
of the X chromosome appears also to be important for the pathogenesis of SLE.
There appears to be a gene dose effect, as the prevalence of SLE in Klinefelter’s syn-
drome (XXY) is 14-fold that in the general male population, whereas it is decreased
in female patients with Turner’s syndrome (XO) [54]. Pregnancy, in which the
concentration of estrogens is extremely increased can cause a disease flare or even
trigger the development of lupus [55, 56]. The puerperium is characterized by an
increased risk for disease relapse [57]. Hormonal factors used for ovulation induc-
tion and in vitro fertilization may cause disease flare in SLE [52].

The main pathophysiologic processes of SLE are the loss of self-tolerance and
the production of autoantibodies with consequent inflammatory response and
organ injury [15]. Estrogens are capable of inducing these alterations in the immune
system. Treg cells, immunosuppressive regulatory T cells, play an important role
in the maintenance of self-tolerance and the prevention of autoimmunity. SLE

Estrogens

AR

Pinflammatory cytokines

JT regulatory cells

' l-apoptosis of T and B cells
Th1/Th2 ratio alteration

prevention of deletion of

autoreactive B cells
“~autoantibody formation

Figure 3.
The effect of estrogens on the immune system.

66



Endocrine Manifestations of Systemic Lupus Evythematosus
DOI: http://dx.doi.org/10.5772/intechopen.97363

patients have decreased numbers of Treg cells. Estradiol diminishes Treg cells

[52, 58, 59]. In SLE, there is a switch from a type 1 (Th1) to a type 2 (Th2) T cell
response where serum levels of Th2 cytokines, such as interleukin 4 (IL-4), IL-6,
and IL-10, are elevated and there is decreased production of Th1 cytokines, such
as IL-2 and interferon y [60-62]. Estrogens alter Th1/Th2 ratio thus altering the
balance between cellular and humoral immunity. Estrogens induce the development
of Th2 lymphocytes and B cell hyperactivity leading to enhanced antibody produc-
tion [63]. Estrogens promote the life span of lymphocytes by decreasing apoptosis
of T and B cells [64]. Thus, estrogens seem to play a key role in the development of
autoimmunity. They suppress self-tolerance reducing Treg cells [65]. They alter the
Th1/Th2 ratio, favoring the predominance of humoral immunity. They prevent the
deletion of autoreactive B cells [66]. They induce the generation of autoantibodies
and they stimulate the production of inflammatory cytokines [67].

3. Endocrine disorders in systemic lupus erythematosus
3.1 Thyroid disease in SLE

Autoimmune thyroid disease has been observed in patients with systemic lupus
erythematosus, such as autoimmune Hashimoto’s thyroiditis, hypothyroidism and
Graves’ disease.

3.1.1 Hypothyroidism

Hypothyroidism is observed in patients with SLE in a higher rate than in the
normal population. In particular, Munoz and Isenberg [14] reported a rate of
5.22% hypothyroidism, i.e. 37 patients, in their cohort of 708 patients with SLE
in University College of London Hospital, as compared to 1-2% in the general UK
population. In this cohort the onset of hypothyroidism occurred after the onset of
SLE oftener. Other reports confirmed a higher than in the general population rate of
hypothyroidism in SLE. In particular, Ong and Choy [68] in a Malaysian population
of SLE patients observed a prevalence of hypothyroidism of 3.7%. Antonelli et al.
[69] reported a prevalence of hypothyroidism of 4.5%. In an earlier report from the
University College of London Hospital SLE cohort Pyne and Isenberg [70] reported
a prevalence of hypothyroidism of 5.7%.

3.1.2 Hyperthyroidism

Hyperthyroidism is observed in patients with SLE. In their cohort of 708
patients with SLE Munoz and Isenberg [14] observed a prevalence of hyperthyroid-
ism of 1.41% (10/708 SLE patients), similar to that in the general population [71].
Watad et al [72] and Ong et al [68] reported a prevalence of hyperthyroidism in
SLE patients of 2.59% and 2.6%, respectively. Chan et al [73] observed a prevalence
of 5.8% of hyperthyroidism in a study of 69 SLE patients. However, only 2.9% had a
clinical hyperthyroidism.

3.1.3 Autoimmune Hashimoto’s thyroiditis
Autoimmune Hashimoto’s thyroiditis is frequently observed in patients with
SLE. The prevalence of Hashimoto’s thyroiditis in patients with SLE as opposed

to control subjects was investigated in a study [74]. The association of Hashinoto’s
Hashimoto’s thyroiditis and anti-thyroid antibodies to the clinical, serological
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profile and disease activity as well as cumulative organ damage in this group was
also investigated. In a group of 301 SLE patients and 141 controls TSH levels, T4
levels, antiTg antibodies and antiTPO antibodies were measured by chemilumi-
nescence and immunometric methods. The serological and clinical profile of the
patients was reviewed. SLE disease activity was measured using the SLEDAI index.
The prevalence of Hashimoto’s thyroiditis was 12.6% in SLE as opposed to 5.6%

in controls, the difference being statistically significant. A lower prevalence of
malar rash and a higher prevalence of anti-Sm was noted in lupus patients with
Hashimoto’s thyroiditis. No association was noted between Hashimoto’s thyroid-
itis and disease activity of cumulative organ damage. In conclusion, a two-fold
increased risk of Hashimoto’s thyroiditis was noted in lupus patients. In a study
performed in China 63 cases of lupus patients who also had Hashimoto’s thyroiditis
were studied [75]. Lupus patients were classified in four groups, those in remission,
those with low disease activity, those with moderate and those with high disease
activity. Free T3 levels were found to be negatively correlated with disease activ-

ity. In an effort to find a way to treat effectively Hashimoto’ thyroiditis and SLE a
group of scientists [76] injected human amniotic epithelial cells in murine models
of Hashimoto’s thyroiditis and SLE. They observed that levels of antiTg, antiTPO
antibodies and TSH levels decreased as well as evidence of tissue destruction within
the thyroid decreased. Additionally, the injection of human amniotic epithelial cells
induced the disappearance of antidsDNA antibodies and ANA in mice with SLE and
improved immunoglobulin profiles. It downregulated the ratio of Th17/Treg cells

in both Hashimoto thyroiditis and SLE mice and upregulated the proportion of B10
cells. Human epithelial amniotic cells suppressed the levels of pro-inflammatory
cytokines, IL-17A and IFN-y and enhanced TGF-p in the murine models of
Hashimoto’s thyroiditis and SLE, thus suggesting a common pathogenic substrate in
both diseases.

3.1.4 Graves’ disease

Graves’ disease is a systemic autoimmune disease with multiple manifestations,
affecting the thyroid, the eyes and the skin [77]. Cases of Graves’ disease have been
described in patients with SLE [78]. The case of a patient with Graves’ disease who
later developed SLE has been described in the literature [79].

3.2 Pancreatic dysfunction in SLE pathogenesis and form
3.2.1 Diabetes mellitus 1

Cases of diabetes mellitus 1 have been described in SLE. In a cohort of SLE
patients in the UK the prevalence of diabetes mellitus 1 was investigated [80]. The
coexistence of diabetes mellitus 1, SLE and celiac disease has been described in a
young female patient [81]. It appears that diabetes mellitus 1 is rare among SLE
patients. However, the risk of developing renal disease, retinal disease and periph-
eral neuropathy requires careful follow up of the patients. It is also important for
the physician to decide which complication is due to lupus or diabetes as the man-
agement is different.

3.2.2 Diabetes mellitus 2
Diabetes mellitus type 2 is reported with increasing frequency nowadays [82].

Hence, diabetes mellitus 2 has been reported in patients with SLE. In their cohort
of 485 SLE patients Cortes et al. [80] reported 4 patients with diabetes mellitus 2
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and two considered to have steroid induced diabetes mellitus. Thus, it appears that
diabetes mellitus 2 is infrequent within lupus patients. This may be due to the fact,
that lupus develops in a younger age than diabetes mellitus 2 [14]. The relationship
between SLE and gestational diabetes has been studied in a meta-analysis [83].

It was found that SLE does not seem to increase the risk of gestational diabetes.
However, steroid use in SLE may increase the risk of gestational diabetes.

3.3 Parathyroid disease in SLE
3.3.1 Hyperparathyroidism

Primary hyperparathyroidism is frequently recognized nowadays due to the
routine measurement of serum calcium levels. Primary hyperparathyroidism has
been reported in patients with lupus. However, there are just a few case reports
in the literature of patients with SLE and primary hyperparathyroidism. Primary
hyperparathyroidism due to the presence of a parathyroid adenoma in a 47-year
old female patient with SLE has been described [84]. Hypercalcemia resolved in
this patient after removal of the adenoma. Primary hyperparathyroidism due to a
cystic parathyroid adenoma has also been described in a 62-year old female patient
with SLE [85]. In their cohort of 708 lupus patients Munoz and Isenberg [14] also
identified 5 (0.70%) patients with hyperparathyroidism, 1 with primary hyperpara-
thyroidism and 4 patients with secondary hyperparathyroidism in the context of
chronic renal failure due to lupus nephritis. Hyperparathyroidism presented after
lupus in all cases described.

3.4 Adrenal disease in SLE
3.4.1 Addison’s disease

Addison’s disease has been reported in patients with SLE. However, there are
only a few case reports of Addison’s disease in patients with SLE. The case of a
29-year old female patient who presented with Addisonian crisis in the presence of
SLE and responded therapeutically to corticosteroids, both as far as Addison’s and
lupus is concerned has been described [86]. In their cohort of lupus patients Munoz
and Isenberg [14] did not identify any patient with Addison’s disease. It appears that
Addison’s disease is a rare occurrence in lupus patients.

3.4.2 Cushing’s syndrome

The occurrence of Cushing’s syndrome due to an adrenal adenoma in patients
with SLE is rare. The case of an 18-year old female patient with subclinical
Cushing’s syndrome who developed lupus has been described [87]. The patient was
successfully treated by surgical removal of the adrenal adenoma. A case of a 51-year
old woman with SLE who developed Cushing’s syndrome and was found to have a
left adrenal adenoma has been described [88]. The patient was successfully man-
aged by laparascopic left adrenalectomy.

4. Ovarian function
Reproductive function of young female patients with SLE is commonly per-

turbed by various pathophysiologic mechanisms [89]. Ovarian reserve is dimin-
ished even in the presence of mild lupus suggesting a direct effect of the disease
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itself on ovarian function [90, 91] (Figure 4). It is possible that the underlying
process is autoimmune oophoritis [92-94]. The clinical manifestations of these
abnormalities are menstrual irregularity, amenorrhea, or premature ovarian failure.
Menstrual irregularities are frequently observed in patients with SLE, and many of
them are associated with the activity of the disease [95]. SLE itself induces dys-
function in the hypothalamic-pituitary-ovarian axis and elevates serum prolactin
[35, 96, 97]. A study compared the levels of anti-miillerian hormone (AMH) as a
marker of ovarian reserve between SLE patients and control subjects and found that
SLE patients had significantly lower AMH levels than did the control subjects. No
correlation was observed between disease activity and AMH levels [91]. Female SLE
patients may have subfertility issues due to active disease, the use of immunosup-
pressive medications and delayed childbearing [98]. These findings show that SLE
itself has a negative influence on ovarian reserve and function.

SLE patients presenting with severe manifestations of the disease are treated with
the alkylating agent cyclophosphamide [99, 100]. Cyclophosphamide is toxic to the
ovaries [101-103]. SLE patients exposed to cyclophosphamide have a much higher
risk of developing premature ovarian failure and infertility as compared to those
receiving less toxic agents [91, 95, 104]. Cyclophosphamide leads to a decrease in
reproductive life span and possibly premature ovarian failure. If the loss of ovarian
function develops during or shortly after the completion of therapy, it is termed
acute ovarian failure. For those who retain ovarian function after the completion
of chemotherapy, a subset will go on to develop premature menopause before the
age of 40 [105]. The clinical manifestations of ovarian damage in women at repro-
ductive age vary from temporary irregular menses to amenorrhea, infertility, and
premature ovarian failure depending on the magnitude of the damage. The prob-
ability of developing permanent ovarian failure depends on the following factors:
patient’s age and the type, dose, and duration of the treatment. If the patient is
older and her ovarian reserve is low, they are less likely to retain or regain menstrual
function than younger ones. Studies have documented that cyclophosphamide
administration is the most significant risk factor for ovarian failure and that AMH
is a sensitive and reliable marker of ovarian reserve and damage after exposure to
cyclophosphamide in female patients with SLE [106-108]. In the case of cyclophos-
phamide administration in lupus patients fertility preservation may be attempted
[108]. Currently, embryo or oocyte freezing are the established methods used for
fertility preservation in patients receiving gonadotoxic treatment [109-111]. Other

Cyclophosphamide
d
Autoimmune oophoritis V4
- v
. Y
N e
~ ///
< y
. Y
™~ .//
. -
Ovarian function
//'/ o ~
d .
v ™~
v \
f” ‘\'\.
yd ~
S/ .
Inflammatory mediators Prolactin

Figure 4.
Factors adversely affecting ovarian function in systemic lupus evythematosus.
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options are ovarian tissue freezing and the use of gonadotropin-releasing (GnRH)
hormone agonist treatment concurrently with chemotherapy [112, 113].

In conclusion, the reproductive function of female SLE patients can be adversely
affected by various mechanisms such as, the chronic inflammatory state, autoim-
mune ovarian disease in the form of autoimmune oophoritis, lupus flares associated
with hyperprolactinemia, which may interfere with ovulation and may modulate
immune activity and temporary or even permanent premature ovarian failure as a
result of the administration of cytotoxic agents such as cyclophosphamide.

5. Conclusion

SLE is a systemic autoimmune disease which affects all organ systems and occurs
frequently in female patients in the reproductive period. Estrogens appear to modu-
late the immune response, induce loss of self-tolerance, alter the Th1/Th2 balance
in favor of the Th2 process, induce the survival of T and B lymphocytes and the
production of autoantibodies. Estrogens appear to be involved in the pathogenesis of
SLE. In SLE neuroendocrine system function is affected by the autoimmune process,
the neuroendocrine system affecting in turn the disease process. Stress appears to
affect disease expression in lupus patients. In SLE hypothyroidism occurs oftener
than in the general population, hyperthyroidism occurs in the same rate as in the
general population and Hashimoto’s thyroiditis is present oftener than in a control
population. Diabetes mellitus 1 occurs sometimes, diabetes mellitus 2 occurs less
frequently than in the general population. Hyperparathyroidism has been observed
in lupus patients. Addison’s disease is extremely rare in lupus patients. Cushing’s dis-
ease occurs infrequently in lupus patients. The ovarian function is affected in female
SLE patients. Primary ovarian failure may occur due to autoimmune oophoritis.
Cyclophosphamide in SLE is used and its use may be accompanied by the develop-
ment of premature ovarian failure. The recognition of endocrine disease is important
in SLE as symptoms may be similar to those of lupus, however management may be
different. The recognition and treatment of an endocrine problem in SLE may guide
treatment and lead to symptom amelioration and proper patient management.
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Abstract

Systemic Lupus Erythematosus (SLE) is an autoimmune disease of unknown
etiology that often affects women during childbearing age. Pregnant women with
SLE are considered high-risk patients, with pregnancy outcomes being complicated
by high maternal and fetal mortality and morbidity. Obstetric morbidity includes
preterm birth, fetal growth restriction (FGR), and neonatal lupus syndromes.
Active SLE during conception is a strong predictor of adverse pregnancy out-
comes and exacerbations of disease can occur more frequently during gestation.
Therefore, management of maternal SLE should include preventive strategies to
minimize disease activity and to reduce adverse pregnancy outcomes. Patients
with active disease at time of conception have increased risk of flares, like lupus
nephritis, imposing a careful differential diagnosis of pre-eclampsia, keeping in
mind that physiological changes of pregnancy may mimic a lupus flare. Major
complications arise when anti-phospholipid antibodies are present, like recurrent
pregnancy loss, stillbirth, FGR, and thrombosis in the mother. A multidisciplinary
approach is hence crucial and should be initiated to all women with SLE at child-
bearing age with an adequate preconception counseling with assessment of risk
factors for adverse maternal and fetal outcomes with a tight pregnancy monitor-
ing plan. Although treatment choices are limited during pregnancy, prophylactic
anti-aggregation and anticoagulation agents have proven beneficial in reducing
thrombotic events and pre-eclampsia related morbidity. Pharmacological therapy
should be tailored, allowing better outcomes for both the mother and the baby.
Immunosuppressive and immunomodulators, must be effective in controlling
disease activity and safe during pregnancy. Hydroxychloroquine is the main therapy
for SLE due to its anti-inflammatory and immunomodulatory effects recommended
before and during pregnancy and other immunosuppressive drugs (e.g. azathio-
prine and calcineurin inhibitors) are used to control disease activity in order to
improve obstetrical outcomes. Managing a maternal SLE is a challenging task, but
an early approach with multidisciplinary team with close monitoring is essential
and can improve maternal and fetal outcomes.
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1. Introduction

Systemic lupus erythematosus (SLE) is a chronic multisystem autoimmune
disease characterized by production of autoantibodies and polymorphic manifesta-
tions of end-organ damage [1, 2]. The disease can manifest itself in many forms
and severity, ranging from mild cutaneous and joint involvement, to devastating
ocular complications or lethal renal, cardiac and cerebral involvement [3]. SLE is
caused by interactions between susceptibility genes and environmental factors,
resulting in irreversible loss of immunologic self-tolerance. Its estimated incidence
ranges from 0.3 to 23.2 per 100.000 person-years and it mostly affects women,
with a female to male ratio as high as 10-15:1 [4, 5]. In women, prevalence varies
between 164 to 406/100.000 [6] and most of them are in childbearing age. For
these reasons, reproductive health and family planning are issues of utmost impor-
tance for physicians managing SLE patients, including internists, rheumatologists,
and gynecologists. Even if fertility is not impaired in SLE, pregnancy represents
a high-risk period in the disease course, mainly due to serious potential maternal
and fetal complications. On the maternal side, risk of flare is increased during
pregnancy, and there is risk of pre-eclampsia (PE) and thrombotic complications,
especially in women carrying antiphospholipid antibodies (aPL). On the fetal side,
fetal growth restriction (FGR) and preterm birth are feared complications, besides
the potential harm caused by maternal antibodies, as it is the case of congenital
heart block (CHB) and neonatal lupus in women carrying SS-A and SS-B antibod-
ies. Multidisciplinary approach, preconception counseling, pregnancy planning and
increased availability of safe drugs in pregnancy and puerperium have contributed
to improve both maternal and fetal outcomes.

2. Immunopathogenesis

The immune system is a multidimensional environment with its main role
being to protect the host against foreign pathogens and to remove cellular debris
without harming the host. The etiology of SLE is multifactorial which leads to a
failure to maintain immune tolerance and immune homeostasis manifested by
aberrant immune responses against endogenous nuclear and other self-antigens.
The pathogenesis of SLE involves various cells and molecules that intervene in
apoptosis, innate and adaptive immune responses [7, 8]. This process involves
plasma cells migrating to inflamed tissue where they become long-lived
plasma cells that make antibodies and contribute to the formation of immune
complexes.

2.1 Genetic predisposition and epigenetics contributions

The etiology of SLE still remains unknown, but genetic (e.g. major histocompat-
ibility complex (MHC), interferon regulatory factor 5 (IRF5)) components and
environmental factors (e.g. Epstein-Barr Virus (EBV), UV light) play an important
role in the pathogenesis of SLE [9].

2.2 Coexistence: the interaction of pregnancy and SLE

The state of pregnancy is a complex and sophisticated one—it requires physi-
ologic adaptions in all maternal systems, including immune and neuroendocrine
alterations in the maternal body, in order to adapt and protect the fetus from

immunologic attack by the mother [10].
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The induction and maintenance of tolerance throughout pregnancy involves
many different immunoregulatory cell types, including cells that reside in the
decidua, which are recruited to the placenta or proliferate locally in the decidua, as
well as cell surface receptors and secreted molecules that orchestrate tolerogenic
mechanism [11].

This modulation of the composition and function of the immune-competent
cells and immune-modulatory molecules in the maternal system during pregnancy
has the ability to enhance and suppress different immune mechanisms to create a
balance that protects the fetus, without compromising the mother’s defense against
infection [10].

In harmony, estrogen cells and regulatory proteins exert their effects on decidual
stromal cells and tolerogenic dendritic cells, expand FOXP3+ T regulatory cells
(Treg), calibrate the function of the rapidly increasing number of natural killer
(NK) cells and downregulate effector T cells. The fetus promotes tolerance to
paternal antigens by migration of fetal cells and cell-free fetal DNA to the maternal
circulation during normal pregnancy. The fetus is considered a semi-allogeneic
graft and to avoid rejection, a tolerogenic state at the feto-maternal interface has to
be induced rapidly [12].

In a simple schematic way, the physiologic immune response to pregnancy
occurs by: (1) stimulation of B cells which occurs with production of antibodies;

(2) T helper (Th) cells participate as co-stimulatory cells, inducing a shift at the Th
1 and Th 2 helper cell level; (3) leading to a predominance of Th 2 cells during preg-
nancy which also suppresses the response of cytotoxic T cells; (4) the shift towards
the Th 2 response leads to suppression of anti-fetal antigen-mediated immune
responses; (5) the hormonal system participates in the suppression of cell-mediated
immunity, and thus immune tolerance; and (6) a tight cooperation for preventing a
response to fetal antigens occurs between the trophoblast and the maternal immune
system [13].

2.2.1T cell responses in normal pregnancy and in lupus pregnancy

In the case of pregnancy associated with SLE, the main immune abnormality
involves the function of T regulatory (Treg) cells, as these are limited in number
and in their functions [14]. The main purpose of the Treg cells during a normal
pregnancy is to ensure immune tolerance to the fetus, and in the case of SLE, the
immune system is confronted with a weaken response which cannot ensure the
right settings of the product of conception.

Therefore, the problem arises with the number of Treg cells. In a normal
pregnancy, the number of Treg cells increases and contrarily decreases in cases of
pregnancy loss and pre-eclampsia. On one hand, pregnancy benefits from the con-
tribution of Treg cells, which ensure maternal-fetal tolerance. On the other hand,
Treg cells are defective in SLE [15]. It is also possible that this impaired immune
tolerance results in complications such as miscarriage, preterm birth or pre-eclamp-
sia. However, in cases of pregnancy associated with inactive SLE, Treg cells might
ensure maternal-fetal tolerance because functional Treg cells predominate. This is
one of the reasons why women should be in remission prior to pregnancy [13].

The Th 17 cell is a subset of the T helper which is regulated by Treg cells. They
possess great plasticity and its function is to produce IL-17 and other interleukins
such as IL-21, IL-22, and IL-17F [16]. These cells which mainly produce IL-17A
and IL-17F can turn into cells that produce interferon gamma [17]. Th 17 cells have
arole in inflammatory processes in autoimmune diseases and abnormal changes
in the ratio of Th 17 cells to Treg cells may be related to spontaneous abortion and
premature birth [17, 18]. Torricelli et al., found that pregnant women with SLE
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demonstrated increased levels of IL-17 together with other cytokines, including
IL-6, IL-10, and TNF. This may indicate a hyperactive immune system among
pregnant women with SLE, and this may be related to the placenta [18].

However, beyond the limited and mal-function of Treg cells, estrogens are also
an important part of the immunopathology of SLE, which in pregnancy plays an
important part in shaping the immune tolerance.

2.2.2 Estrogens and its role in normal pregnancy versus lupus pregnancy

Estrogens are related to the immune response system and in high concentrations
act simultaneously with other reproductive hormones. It is believed to stimulate
increased Th2 cytokines during gestation, being a desirable response to normal
pregnancy. However, in SLE patient, excessive Th2 responses can lead to increased
secretion of IL-17, which may lead to recurrent miscarriages [13, 18]. By promot-
ing Th 2 responses, estrogens in pregnancy tend to worsen Th 2-mediated diseases
such as SLE [16, 17]. Torricelli et al., showed high levels of serum IL-17 in pregnant
women with SLE [19].

2.2.3 B cell vesponse in normal pregnancy versus in SLE

In SLE, B cells also have an important role in producing antibodies. The B cells
participate in maternal immune tolerance to the fetus with secretion of IL-10,
which progressively rises during a normal and healthy pregnancy. However, in SLE
patients, IL-10 levels are significantly higher at conception and remain elevated
throughout pregnancy and postpartum. IL-10 is a pleiotropic cytokine, with both
immune stimulatory and immune suppressive functions. Persistent high levels of
IL-10 indicate a constitutional overproduction in SLE, resulting in continuous B cell
stimulation [12, 13].

3. Pregnancy planning and monitoring in SLE

SLE pregnancies are considered as a high-risk process. The strongest predictor
of adverse pregnancy outcomes is an active SLE at time of conception. Patients with
active SLE should postpone pregnancy until SLE is under control [20]. In certain
cases, pregnancy is contraindicated in patients with severe organ involvement (e.g.
severe renal insufficiency or end stage renal disease, congestive heart failure, severe
pulmonary fibrosis, and severe pulmonary hypertension) [21]. Women with a past
history of thrombotic events have an increased risk for thrombosis during preg-
nancy and post-partum, and in these cases there should be a switch from warfarin
to low molecular weight heparin [22]. Risk stratification should be performed
according to the aPL outline, taking into account the type, titer, and persistence of
aPL. By doing so, patients can be divided into “high-risk” and “low-risk” profiles
and treatment should be given according to each specific case [23]. Women should
be started on folic acid preferably 3 months prior to conception; throughout preg-
nancy, they should be on calcium and vitamin D [24].

Therefore, it is crucial and mandatory the assessment of risk factors for adverse
maternal and fetal outcomes in women with SLE who desire to be pregnant — this
starts with preconception counseling and implementing appropriate preventive
strategies and an individual-tailored monitoring plan before (switch teratogenic
medications for non-teratogenic ones, respecting the wash-out of harmful medi-
cations, and being in remission for at least 3 to 6 months’ prior conception) and
during pregnancy [20].
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Once pregnancy is confirmed, a monthly routine need to be ensured and should
include: doctor appointments and complete blood analyses, including a complete
set of autoantibodies, as well as, specific maternal antibodies such as aPL and
anti-Ro/SSA. In the case for patients with current or past renal involvement, blood
pressure and 24-h urine proteinuria should be monitored regularly [20, 22].

SLE pregnant should be followed after specific protocols for patients at high-
risk of developing hypertensive disorders and/or placental insufficiency. Fetal
surveillance should be based on biometric and Doppler findings during the third
trimester, and particularly distinguish between early and late FGR, helping to
better tailor the time of delivery and reduce perinatal morbidity and mortality.
Fetal echocardiography is only indicated if there is suspected fetal dysrhythmia
or myocarditis, especially in the context of positive maternal anti-Ro/SSA or
anti-La/SSB antibodies [20].

4. SLE & other autoimmune diseases
4.1 Presence of antiphospholipid antibodies

The presence of antiphospholipid antibodies (aPL) during pregnancy is associ-
ated with significant risk of maternal and fetal adverse events. The prevalence of
aPL in SLE is about 12-44% for anticardiolipin (aCL), 15-34% for lupus antico-
agulant (LAC) and 10-19% for anti-beta2 glycoprotein I (B2GPI) antibodies [25].
These antibodies are responsible for an autoimmune hypercoagulable state, known
as antiphospholipid syndrome (APS). Even though aPL are present in about a half
of patients with SLE, only a fraction of these patients develops antiphospholipid
syndrome (APS), which manifests as thrombotic and/or obstetric adverse events,
mediated by persistent circulating aPL detected by means of three tests: LAC, aCL
and B2GPI antibodies, repeated twice with an interval of 12 weeks apart. A different
subset of patients, the so-called “aPL carriers”, has been described. These are aPL
positive individuals without clinical manifestations, that are at high-risk of pre-
maturity, pre-eclampsia, eclampsia, or HELLP (hemolysis, elevated liver enzyme
levels, low platelet count) syndrome. The most severe form of APS is catastrophic
antiphospholipid syndrome (CAPS) a potentially fatal and rare condition that
women may develop during pregnancy. Its diagnosis is challenging and aggressive
treatment is crucial in order to save a patient’s life [23].

The outcomes of pregnancies in patients with aPL have significantly improved
and live birth rates over 80% are achieved nowadays. The management is
based on the risk of profile of aPL and/or previous thrombotic and/or obstetric
complications.

4.2 Presence of anti-Ro antibodies

Anti-Ro/SSA and/or anti-La/SSB autoantibodies are detected in approximately
40% of patients with SLE. The transplacental passage of maternal IgG antibodies
(anti-Ro/SSA and anti-La/SSB) may lead to neonatal lupus in 1-2% of all pregnan-
cies affected by SLE [26].

Congenital Heart Block (CHB) is the most severe manifestation, affecting 2% of
pregnancies with positive antibodies (especially anti-Ro/SSA) and without a previ-
ous history of complicated pregnancies. This usually manifests between the 18th
and 24th weeks of gestation. The risk increases significantly 10 to 15% in patients
who have a prior history of another neonate affected with cutaneous lupus and up
to 15-20% in those with a prior neonate affected with CHB [27].
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5. Pregnancy: physiological changes versus SLE activity

It is crucial to differentiate physiological changes that occur during a normal
pregnancy versus pathological conditions, since both situations can have clinical
and/or laboratory changes.

In a healthy pregnancy, many clinical manifestations can overlap those of an
active SLE — see Table 1. Sex hormone levels vary throughout pregnancy, which
affect the immune system and can lead to a SLE flare [28]. The hormonal system
has receptors for cytokines, immune cells, and lymphatic tissues. In a pregnancy
with SLE, the serum levels of gonadotropins and sex steroids differ from the healthy
individuals; as there is a decrease of estradiol, cortisol, testosterone, dehydro-
epiandrosterone and progesterone. Estrogen stimulates, by itself, the maturation
of peripheral immune cells, especially Treg cells, that will further promote the
immune system tolerance or suppression. In a healthy pregnancy, as explained in
point 2.2.1, Treg cells numbers can increase, providing a higher level of fetal toler-
ance [15, 28]. However, in SLE pregnancy, a reduced number and function of Treg
cells has been detected, which can lead to a worse outcome.

It is also known that pregnancy stimulates an increase in blood volume, involv-
ing an increase in plasma volume, raising both red-blood cell and white-blood cell
volumes [29]. The discrepancy between plasma volume expansion and red-blood cell
augmentation will provoke a hemodilution and cause the so-called, “physiological ane-
mia of pregnancy” (normal hemoglobin of >11 g/dL and hematocrit >33% in the 1st
and 3rd trimester). This may be caused by an increase in sodium retention, mediated
by mineralocorticoid stimulation, that will lead to fluid retention and, subsequently,
vasodilatation. During labor, blood volume will increase even further, due to uterine
contractions, squeezing blood out of the intervillous space into the main circulation.
So, after delivery, retraction of uterus and interruption of placental circulation will
raise about 500 mL of blood, acting like an auto-transfusion.

Pregnancy changes SLE activity
Clinical Features Facial flush Photosensitivity

Hyperpigmentation Vespertilio

Palmar erythema Oral or nasal ulcers

Friable mucous membranes

Arthralgia Inflammatory arthritis
Fatigue Fatigue
Lethargy
Mild peripheral edema Moderate to severe edema
Mild resting dyspnea Pleuritis
Pericarditis
Laboratory features Mild anemia Immune hemolytic anemia
Mild thrombocytopenia Thrombocytopenia
Leukopenia
Lymphopenia
Mild 4+ ESR 1 inflammatory marker levels
Physiologic proteinuria Proteinuria >300 mg/day

Active urinary sediment

Abbreviation: ESR - erythrocyte sedimentation rate.

Table 1.
Overlapping features of pregnancy and systemic lupus erythematosus (SLE).
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Levels of clotting factors, fibrinogen, platelet production, aggregation and
destruction will also be elevated, causing a hypercoagulable state [29]. Endogenous
anticoagulants, such as protein S, are also diminished and there is an acquired resis-
tance to activated protein C. Fibrinolysis is also impaired due to placental produc-
tion of plasminogen activator inhibitor. Overall, these imbalances will also promote
a prothrombotic and procoagulant status. This process of enhanced coagulation
and increased blood volume guarantees important functions: supplying an increase
uterus, a placenta and a growing fetus, and protecting the mother from a massive
bleeding during labor [29].

Following delivery, blood volume will then be restored to its normal levels about
8 weeks’ post-partum. Moreover, it is known that the increase in blood volume leads
to an increase in glomerular filtration, which in turn will stress the renal function
[28]. This aggravation will be more pronounced in patients with underlying kidney
disease. In a healthy pregnancy, glomerular filtration rate can increase up to 50%
and creatinine clearance by 30%. Tubular reabsorption of sodium is then enhanced,
but glucose and amino acids may not be absorbed in the same proportion, leading
to glycosuria and aminoaciduria in healthy pregnancies [29]. Renal failure before
pregnancy, as it may occur un SLE, is related to poor fetal outcome and early
delivery [28]. When serum creatinine is higher than 140 mmol/L, there’s a 50%
chance of miscarriage; this probability raises up to 80% when creatinine is over
400 mmol/L. Nephrotic syndrome will further worsen the prognosis, as it relates to
another increased risk of thrombosis.

Cardiac output will increase, reaching a plateau at 28-32 weeks’ gestation [29].
Stroke volume will increase ejection fraction and maternal heart rate is also acceler-
ated [30]. However, the distended uterus compresses aortocaval circulation, reduc-
ing cardiac filling while in supine position. Filling pressure will not change, due
to myocardial remodeling that occurs during pregnancy. Peripheral and systemic
vascular resistance is reduced, due to vasodilation. Altogether, these changes will
contribute for blood pressure stabilization in a healthy pregnancy. This equilibrium
will be imbalanced in nephrotic syndrome and PE situations, as cardiac output and
blood pressure are elevated.

The enlarged gravid uterus displaces the heart to the left and upward, so the
electrocardiogram may present sinus tachycardia, benign dysrhythmias, depressed
ST segments or flattened T waves, left axis deviation and left ventricular hyper-
trophy [29]. Diaphragm will also be displaced, progressively decreasing functional
residual capacity (FRC), expiratory reserve volume and residual volume. Tidal vol-
ume and inspiratory reserve volume will increase, so that vital capacity will remain
unchanged. Reduction of FRC combined with an increase of oxygen consumption
can provoke a rapid development of maternal hypoxemia during apnea.

Heartburn progressively increases, as the uterus displaces and disrupts the lower
esophageal sphincter, intensified by progesterone induced relaxation [29]. Although
gastric pressure increases, gastric emptying is normal. Obstipation is frequent, due
to an increased intestinal transit time. Liver enzymes are normal, but placental
production of alkaline phosphatases can increase up to 2-4-fold of its normal range.
Gallstone formation can be induced by impaired emptying of gallbladder.

Neuropsychiatric symptoms represent a clinical challenge, as they can result
from the pregnancy itself or postpartum period, but also from preeclampsia,
eclampsia, or even electrolyte imbalance, infection, renal failure, and drug toxic-
ity [31]. For example, headaches can result from hormonal and postural changes,
insomnia, anxiety, preeclampsia, but can also be a symptom of neurolupus [32]. An
accurate clinical history and examination is hence always mandatory.

Laboratory tests may reveal different values from the normal range that are con-
sidered acceptable in pregnancy, which makes them less reliable. Pregnant women
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frequently present mild anemia and thrombocytopenia, elevated erythrocyte
sedimentation rate, proteinuria (up to 300 mg/day) and increased levels of comple-
ment [31]. So, it is essential that a proper evaluation of disease activity is done.
Also, complement levels can be falsely increased, so it will not serve as a strong
biomarker. On the other hand, anti-DNA antibodies can still be related to disease
activity. The scales of pregnancy SLE, as mentioned above, SLEPDAI, LAI-P, and
BILAG2004-Pregnancy index, can also be a useful tool, combined with clinical
judgment and laboratory parameters.

6. Disease activity assessment during pregnancy

As mentioned above, a strict assessment and control of disease activity before
and throughout pregnancy is fundamental. Physiological changes in pregnancy may
mimic a lupus flare (e.g. constitutional symptoms, non-inflammatory joint pain,
skin rash, alopecia), as well as, laboratory changes (e.g. anemia, thrombocytopenia,
proteinuria, increase of ESR and complement levels).

In order to reduce confounding features from physiological pregnancy and
SLE exacerbations, three scores were modified in order to adapt to these changes:
the SLE-Pregnancy Disease Activity Index (SLEPDAI), the LAI (Lupus Activity
Index) in Pregnancy (LAI-P), and the modified SLAM (Systemic Lupus Activity
Measure) (m-SLAM). Two other pregnancy-adapted scores have been introduced
more recently, the modified-European consensus lupus activity measurement
(m-ECLAM) and the British Isles Lupus Assessment Group-2004 for pregnancy
(BILAG2004-P).

In all the above-mentioned indices, modifications were made to address
influential items: some were eliminated (e.g. ESR, asthenia) and others were
adapted to physiological pregnancy changes (e.g. proteinuria levels), emphasiz-
ing the need to differentiate those changes from pregnancy comorbidities (e.g.
PE/E). The scoring of each index is calculated in the same way as the original
version, except for the LAI-P, in which the weighted score given to each item has
been modified. Although many attempts have been made to have a reliable tool,
the clinical judgment of an experienced physician remains the gold standard in
the management of pregnant women with SLE. As recently recommended, these
women should be frequently monitored (every 2 to 8 weeks). During each visit,
prostaglandin A (PGA) in conjunction with at least one of the activity tools and
pregnancy-specific SLE activity indices (such as SLEPDAI, LAI-P, BILAG 2004- P)
should be applied [20].

7. Maternal and fetal complications during lupus pregnancy

Maternal and fetal complications are more frequent in lupus pregnancy than
in healthy ones. So, even if new treatment strategies have been incorporated in
guidelines for managing this complex situation, SLE is still a severe risk factor for
pregnancy.

As discussed, SLE pregnancy is related to an increased risk of miscarriage,
stillbirth, neonatal death, premature delivery and FGR [33, 34]. Cesarean section
due to pregnancy complications is also more prevalent in lupus patients. A large
nationwide study revealed that maternal mortality rate in SLE patients reaches
325/100,000 live births, meaning more than 20-fold higher than in non-SLE popu-
lation [35]. The risk for other maternal complications includes thrombosis, hyper-
tension, infection, thrombocytopenia, and transfusion, being each 3- to 7-fold
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higher in SLE population. Gestational hypertension, apart from pre-eclampsia, may
provoke long-term complications related to cardiovascular and peripheral artery
disease [34].

The risk of gestational diabetes is also increased in SLE pregnancy [22, 36]. It is
mainly related to glucocorticoid therapy during pregnancy. About 10% of gesta-
tional diabetes result from autoimmune activity (GADA, IA2A, IAA and ZnT8-A
antibodies) [37]. Nevertheless, the prevalence of SLE and autoimmune gestational
diabetes, and the relationship between them, needs further research.

71 Lupus flare

During lupus pregnancies, there is an increased risk of maternal and fetal
morbidity and mortality, but a stable disease prior to conception can act as predic-
tor of a good outcome [38]. The onset of new symptoms or signs as arthritis, discoid
or subacute cutaneous lupus lesions, oral ulcers, vasculitis, polyserositis, lymphade-
nopathy, positive direct Coombs, myocarditis, pneumonitis, proteinuria, leucope-
nia, thrombocytopenia, complement consumption or raised anti-DNA antibody
expression must arise the suspicion about an ongoing lupus flare [12, 38].

During a healthy pregnancy, complement levels are usually raised, as it acts as
acute phase reactant [31]. So, normal or lower range of complement suggests serum
consumption due inflammatory process [38]. The coexistence of hypocomplement-
emia and high SLE activity usually predicts a poor pregnancy outcome. Proteinuria
and leukopenia are also associated to a worse prognosis [31, 38].

Recently, the PROMISSE (Predictors of Pregnancy Outcome: Biomarkers in
Antiphospholipid Antibody Syndrome and Systemic Lupus Erythematosus) study
revealed that up to 20.8% lupus pregnancies experience mild to moderate flares
but only 6.25% have severe ones [39]. Patients at risk were the ones with younger
age, low C4 and higher physician global assessment at baseline as independent risk
factors for having at least one flare during pregnancy. This study is remarkable and
unique in that it has a multicenter, multiethnic and multiracial sample included.
Hence, non-white race was also identified as a risk factor for lupus flare. According
to the authors, there were no medications associated with flare, including hydroxy-
chloroquine, in contrast to other studies.

SLE patients with central nervous system (CNS) involvement during pregnancy
have higher risk for maternal and fetal complications and poor prognosis [40].
Preterm birth incidence can be 60% higher than in other lupus pregnancies and
extreme prematurity can reach 40% of the newborns. CNS lupus pregnancies have
higher risk for complications, whether neurological symptoms are present or not.

In contrast, in cutaneous lupus erythematosus the pregnancy outcomes are
comparable to those of healthy populations [41].

As mentioned on Section 5.1, lupus patients can also have APS. Although rare,
catastrophic APS (CAPS) can occur in up to 1% of patients and mortality reaches
50% [31].

7.2 Pre-eclampsia and lupus nephritis

Lupus nephritis (LN) is severe and independent risk factor for both maternal
and fetal outcomes. It is related to preterm birth, hypertension and pre-eclampsia
[42]. Pre-eclampsia have an increased risk in SLE pregnancy and can appear in up to
25% of SLE patients [31, 33]. Active LN at the time of conception has been pointed
as the major risk factor for pre-eclampsia in SLE pregnancies [43]. LN activates in
4-30% of patients; those who had previous recurrence of LN are at a higher risk
20-30% [44].

91



Lupus - Need to Know

The definition of pre-eclampsia by the International Society for the Study of
Hypertension in Pregnancy Society (ISSHP) has recently been considered as being
more sensitive than the definition made by the American College of Obstetricians
and Gynecologists [45]. Pre-eclampsia is defined by the ISSHP as gestational
hypertension, accompanied by at least one of the following conditions, at/or after
20 weeks’ of gestation:

1. Proteinuria
2. Other maternal organ dysfunction, such as:
a.Acute kidney injury (creatinine greater than 1 mg/dL)

b.Liver involvement (alanine aminotransferase (ALT) or aspartate aminotrans-
ferase (AST) greater than 40 IU/L)

c. Neurologic complications (eclampsia, altered mental status, blindness,
stroke, clonus, severe headaches, persistent visual scotoma)

d.Hematological complications (thrombocytopenia less than 150000/pL,
disseminated intravascular coagulation, hemolysis)

3. Uteroplacental dysfunction — including fetal growth restriction, abnormal
umbilical artery Doppler wave form analysis or stillbirth [46].

Therefore, after 20 weeks of gestation, the distinction between a lupus flare
and pre-eclampsia can represent a diagnostic dilemma, since both can have similar
characteristics — increased proteinuria, hypertension, thrombocytopenia, kidney
dysfunction and generalized symptoms [31]. A thorough clinical history and bio-
chemical investigation are always required. In a normal pregnancy, the complement
is expected to be normal or high, since it acts as an acute phase reactant. If a normal
or decreased range is detected, immune complexes are probably being formed and
a lupus flare is ongoing. An increase of anti-DNA antibody levels is also related to
lupus activity [31]. The onset of unexpected significant proteinuria should raise
suspicion, especially if it occurs in the first trimester or part of the second trimester.
In these cases, a proper clinical and laboratory approach is mandatory. In discor-
dant results, renal biopsy can be considered. However, if aPL are present, the risk
of thromboembolism should prompt to anticoagulation treatment, which would,
in turn, raise the risk of major bleeding after biopsy. Other procoagulant factor
include pregnancy itself, nephropathy, and SLE activity, so the need to a biopsy
must be carefully outweighed [31].

If a patient develops only pre-eclampsia, it is not expected to find hematuria,
urinary casts, complement consumption or increased anti-DNA antibodies [31]. On
the other hand, LN can also induce pre-eclampsia, so, once again, the distinction
of these two entities can be problematic. The correct diagnosis must be accurate,
as the treatment approach will be totally different: in pre-eclampsia, the delivery
should be anticipated; in LN, immunosuppressive treatment should be immediately
started.

HELLP (Hemolysis with elevated liver enzymes and thrombocytopenia) syn-
drome is the worst manifestation of pre-eclampsia [22]. It is usually associated with
aPL, but evidence has shown that it consists of a complementopathy, either due to
an inherited defect in a complement regulatory protein or an acquired autoantibody
[47]. In vitro experiments, using serum from HELLP patients in modified Ham test,
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disclosed activation of the alternative pathway of complement cascade (C5b-9).
This dysregulation of complement system would be similar to that occurring in
hemolytic uremic syndrome.

Although pre-eclampsia and LN exhibit different clinical manifestations, clear
discrimination in the set of a new-onset SLE during pregnancy can be challenging —
see Table 2. Soluble fms-like tyrosine kinase 1 (sFlt-1)/placental growth factor (PIGF)
ratio can be useful in discriminating these two entities: women with SLE and APS
who develop pre-eclampsia have a significantly higher sFlt-1/PIGF ratio compared
with women with SLE and APS, but without pre-eclampsia [31, 48]. These variances
increase during pregnancy.

7.3 Impact on fetal development and monitoring of fetal development during
lupus pregnancy

As mentioned above, fetal risks of lupus pregnancy include pregnancy loss,
preterm birth, premature rupture of membranes and FGR. Preterm birth is more
frequent than pregnancy loss, and even if its relation to pre-eclampsia and disease
activity is established, a causative factor may not be identified [22]. Other fetal
complications associated with SLE include infants small for gestational age and
infants with low birth weight [33]. Neonatal intensive care unit admissions are also
more prevalent in these newborns.

Zhan Z etal., in a retrospective study identified that the best method to monitor
adverse pregnancy complications during third trimester of pregnancy is by doing
an umbilical artery Doppler. Nevertheless, the umbilical artery Doppler can be
initiated in the second trimester in monitoring for neonatal heart block for possible
earlier intervetion [49]. The use of hydroxychloroquine (HCQ) is associated with

Clinical measure Preeclampsia Lupus nephritis
Hypertension After 20 weeks gestation Any time during pregnancy
Urine active sediment Rare Common

Onset of proteinuria Abrupt, after 20 weeks Abrupt or gradual, anytime
Creatinine Normal to raised Normal to raised

Uric acid Raised Normal

C3and C4 Usually normal Usually low or decreasing
Complement products Normal-low Rising titres

Anti-DNA Absent or unchanged Normal to increased

Lupus activity No Yes

24 hour Urine calcium <195 mg/day >195 mg/day
Thrombocytopenia Yes (HELLP) 20% of SLE

Other organ involvement Occasionally CNS or HELLP Evidence of active nonrenal SLE
Liver function test May be elevated (HELLP) Usually normal

Kidney biopsy Glomeruloendotheliosis SLE nephritis

sFlt-1/PIG ratio Higher Normal

Response to steroids No Yes

Abbreviations: HELLP - hemolysis, elevated liver enzymes, low platelets; SLE — systemic lupus erythematosus;
sFlt-1— soluble fms-like tyrosine kinase; PIGF — placental growth factor.

Table 2.
Differentiation of preeclampsia from lupus nephritis flare in pregnancy.
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a lower incidence of FGR the risk of preterm delivery, whether spontaneous or
induced, in lupus pregnancy [50, 51]. As prematurity decreases, there will also be

a reduced risk of neonate complications, as respiratory distress syndrome, intra-
venticular hemorrhage, sepsis, hypoglycemia, jaundice requiring phototherapy,
enterocolitis, among others [50]. Among the different studies done so far, it should
be noted that children with in utero exposure to HCQ did not developed visual,
auditory, developmental or growth abnormalities.

7.4 Delivery

The objective in a pregnant lupus patient would be a vaginal spontaneous
delivery at term, data reveals that these women have a high prevalence of cesarean
section. This procedure should be restricted to obstetric indications, once it repre-
sents an additional risk factor for venous thromboembolism, hemorrhage, infection
and repercussion in future pregnancies. During labor, women exposed to long-term
oral steroids may need intravenous hydrocortisone to overcome the physiologic
stress of labor and delivery. Prophylactic or therapeutic anticoagulation should be
interrupted as spontaneous delivery starts or, if induced labor or cesarean section is
scheduled, it should be discontinued 12 or 24 hours before. Epidural or spinal anes-
thesia can be safely administrated until 12 hours after the last dose of anticoagulant.

Postpartum care must focus on a possible lupus flare or coexisting pre-eclampsia
[31]. Women who underwent anticoagulation should continue it for at least 6 weeks
after delivery in a prophylactic dose. Safe contraception should be offered and
progestogens can be an appropriate option.

8. Treatment & prevention of complications during pregnancy

Therapeutic management in SLE patients is one of the most important aspects
when planning a pregnancy. The main goal is to assure the most effective treatment
to maintain disease remission, while keeping the ability to treat disease flares and
guaranteeing maximum safety for the fetus. As mention on Section 3, disease activ-
ity should be under control (3 to 6 months) prior to pregnancy.

In order to decrease maternal and fetal complications, the the European League
Against Rheumatism (EULAR) and the American College of Rheumatology (ACR)
[20, 52] developed general recommendations describing which drugs are safe
during pregnancy and which ones should be avoided. Also, the Unites States Food
and Drug Administration (FDA) has changed the way of labelling medication safety
during pregnancy and lactation. Previously, it was based on letters, which classified
drugs from A to D, according to its increased risk for the fetus. Drugs classified as
had not enough evidence or information available. Nowadays, this classification
reflects more the quantity and quality of the data known for each drug. For practi-
cal proposes, the current drug options available to treat SLE pregnancy has been
divided into 4 main categories:

8.1 Drugs recommended during SLE pregnancy
8.1.1 Hydroxychloroquine

Hydroxychloroquine (HCQ) is an antimalarial agent used for its immuno-
modulatory effects. Although HCQ crosses the placenta, it does not seem to

have toxic effects on the fetus [53]. On the contrary, this drug is recommended
to all women with SLE, whether they are pregnant or not, as it decreases the
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risk of flares, reduces the risk of pre-eclampsia and preterm birth [54]. Various
studies have also shown positive effects of HCQ in pregnant women with APS
(higher birth rates and fewer pregnancy complications) versus untreated
patients, concluding that SLE pregnant women that have aPL, also known as
“aPL carriers” also benefit from HCQ . Furthermore, some studies suggest that
HCQ decreases the occurrence of CHB and cutaneous involvement in neonatal
lupus, in fetuses whose mothers are carriers of anti-Ro/SSA and anti-La/SSB
antibodies [55].

8.1.2 Low-dose acetylsalicylic acid

Low dose acetylsalicylic acid, as known as, “low dose aspirin” (LDA) is recom-
mended in all women with SLE during pregnancy, it should be started during
pre-conception period in case of a planned pregnancy and no later than 16 weeks.
LDA (75-150 mg/day) has proved to reduce the risk of pre-eclampsia and its compli-
cations, regardless the presence of aPLs [56].

8.2 Drugs with a safe profile during pregnancy

The following drugs have an acceptable safety profile, but should be used selec-
tively, if needed, to control SLE manifestations during pregnancy.

8.2.1 Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used to control
symptoms in patients with rheumatic diseases. However, these drugs should be
prudently used during pre-conception period and during pregnancy, as they can
provoke oligohydramnios, due to reduced fetal glomerular filtration rate. In case of
absolute necessity, amniotic fluid monitoring is necessary [57].

Discordant findings from large retrospective studies have shown an increased
risk of miscarriage in the first trimester with the use of NSAIDs [52]. These drugs
should be avoided after 32 weeks of gestation, because of the risk of premature
closure of the ductus arteriosus, with the exception of aspirin. Indomethacin and
ibuprofen appear to have much stronger ductal effects than LDA [57].

Some studies suggest that high doses of aspirin may increase the risk of fetal
or neonatal bleeding or bruising in the 3rd trimester. However, these data is
not robust enough to warrant conclusions. The use of selective cyclooxygenase
(COX)-2 inhibitors is not recommended in pregnancy, due to the lack of safety
data [52, 58].

8.2.2 Glucocorticoids

Glucocorticoids (GC) have a remarkable path in the treatment of autoimmune
diseases, such as SLE. Yet, its chronic use is associated with multiple side-effects and
organ damage [59]. Prednisone and prednisolone are glucocorticoids recommended
during pregnancy due to its pharmacokinetics and its shorter duration of action,
since they are metabolized by placental enzymes the fetus is basically unexposed.
The recommended daily dose should be <7.5 mg of prednisone. Doses superior to
10 mg/day are associated with preterm delivery, premature rupture of membranes
and FGR. Higher doses should be reserved for organ-threatening situations, when
the benefits outweigh the risks [60]. For hypothalamic-pituitary—adrenal axis
suppression, for example, we use doses superior to 5 mg/day for at least 3 weeks,
after the first trimester, so that labor and delivery can be managed accordingly.
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Methylprednisolone has similar rates of placental transfer to prednisone so it is
expected to be safe and compatible with pregnancy [20].

8.2.3 Azathioprine (AZA)

Azathioprine is especially used in SLE patients with hematological manifesta-
tions, but it can also be used in LN, as a maintenance drug [60]. This drug is
compatible with pregnancy, since fetal liver lacks the enzyme to convert AZA to its
active form [61]. Therefore, AZA is considered a safe drug, but doses should not
exceed 2 mg/Kg/day.

8.2.4 Intravenous immunoglobulin

Intravenous immunoglobulin (IVIG) is an immunomodulator that regulates the
inflammatory processes through anti-idiotype mechanisms. Although it crosses
the placenta after the 2nd trimester and in a more significant way after the 3rd
trimester, no fetal malformations have been reported. Hence, it is considered a drug
compatible with pregnancy [62].

8.2.5 Cyclosporine and tacrolimus

Both cyclosporine (CSA) and tacrolimus are calcineurin inhibitors used as
maintenance drugs and steroid-sparing agents, in patients with moderate to severe
SLE [60]. CSA is considered safe in pregnancy, but blood pressure and renal func-
tion should be closely monitored [20]. It is recommended that CSA and tacrolimus
should only be used when maternal benefit outweighs fetal risk, and preferably at
minimum doses [63].

8.2.6 Antihypertensive medications

Metildopa, labetalol and hydralazine are frequently used during pregnancy
with efficacy and no harm. Nifedipine is also compatible at doses up to 60 mg/
day. By contrast, angiotensin-converting enzyme (ACE) inhibitors and angio-
tensin II receptor blockers are contraindicated throughout gestation and should
be stopped as soon as possible, once pregnancy is confirmed. Diuretics can
be used with caution and should be used as a last resource to control a severe
and refractory hypertension, in an emergency setting and for a short period of
time [20].

8.3 Drugs to be used with caution during pregnancy
8.3.1 Biologic agents

There is no sufficient data regarding biologic agents during pregnancy, so their
use cannot be encouraged. Rituximab (RTX) is a B-cell depleting chimeric mono-
clonal antibody and is recommended to be stopped 6 months before conception.
However, it has not been shown to be teratogenic [60, 64].

Belimumab (BEL) is BAFF inhibitor human monoclonal antibody and there is
no sufficient data to recommend it during pregnancy. Until 12th week, IgG does
not across placenta in significant amounts; so, accidental exposure to RTX or BEL
during the first trimester is unlikely to be harmful. On the other hand, second/third
trimester exposure will be associated with neonatal B-cell depletion [65].
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8.4 Drugs contraindicated during pregnancy
8.4.1 Cyclophosphamide (CYC)

Cyclophosphamide (CYC) is an alkylating drug used in SLE, to treat severe
organ or life-threatening manifestations [60]. Due to its teratogenic effects, its use
in pregnancy is contraindicated, especially during the first trimester, when the fetus
is more susceptible to congenital malformations. Nevertheless, it can be considered
in exceptional circumstances, when mother faces an organ- or life-threatening
disease complication. Embryotoxicity varies according to the stage of gestation. The
use of this drug in fertile women should always be carefully evaluated and counsel-
ing about fertility preservation strategies should be advised prior to its use [66].

8.4.2 Mycophenolate mofetil

Mycophenolate mofetil (MMF) is an inhibitor of purine biosynthesis, commonly
used in LN, as both in induction and maintenance therapy, and is also used in severe
to refractory non-renal manifestations, with the exception of neuropsychiatric
lupus [60]. Due to its teratogenic effects, its use in pregnancy is contraindicated.
MMF exposure can cause lip and cleft palate, abnormalities of distal limbs and
malformations of multiple internal organs, such as heart, esophagus and kidneys
[67]. For these reasons, it should be avoided. Alternative options are azathioprine,
tacrolimus or low dose of glucocorticoids, which can be used to control disease
activity. They should be started, ideally, 6 months prior conception.

8.4.3 Methotrexate

Methotrexate (MTX) is a folate antagonist — it inhibits the enzyme dihydrofolate
reductase which impairs purine and pyrimidine synthesis. It is contraindicated
during pregnancy, due to its teratogenic effects. MTX exposure in utero can induce
multiple congenital abnormalities, such as cleft palate, hydrocephalus, anencephaly
and meningoencephalocele, delayed ossification and multiple facial deformities.

It is strongly advised contraceptive use in patients taking MTX. This medication
should be discontinued 3 months before attempting to conceive. If a woman is being
treated with a low dose of MTX within 3 months prior to conception, or an acci-
dental pregnancy occurs, the drug should be stopped immediately and the mother
should continue to take folate supplementation (5 mg daily) throughout pregnancy.
In the last case, a careful evaluation of fetal risk at an experienced center must take

place [67].
8.4.4 Leflunomide

Leflunomide (LEF) is another drug that, although it may not be teratogenic, it
is strongly advised to be avoided during pregnancy [68, 69]. It's an antimetabolite
that inhibits dihydroorotate dehydrogenase, the catalyst enzyme responsible for the
limiting step in pyrimidine biosynthesis. Despite its short half-life (approximately
15 days), its major metabolite follows a long path through enterohepatic circulation
remaining detectable for more than 2 years. It is essential to complete its washout
until undetectable levels before switching to alternative medication compatible
with pregnancy and trying to conceive. For accelerate elimination of this drug, for
example if an accidental pregnancy occurs, it is used cholestyramine (8 g orally,

3 times a day, for 11 days).
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8.5 Management of maternal antiphospholipid syndrome

APL carriers or APS pregnancy represent a great challenge and require an
additional monitoring and therapy to prevent maternal and/or fetal complica-
tions. Below is the clinical management according to the different clinical
situations: [23, 52]

8.5.1 Asymptomatic aPL-positive patients “aPL carriers”

In SLE aPL carriers prophylaxis with LDA daily, is recommended during
pregnancy. Combination therapy with prophylactic-dose heparin and LDA, even
for those pregnant with triple-positive aPL or high LAC concentration, is not
recommended [23, 52]. These women should be treated with prophylactic-dose low
molecular weight heparin (LMWH) until, at least, 6 weeks after delivery.

8.5.2 Obstetric APS

In SLE women with history of obstetric complications prophylactic or thera-
peutic-dose heparin (usually LMWH) and LDA during gestation is recommended.
Prophylactic or therapeutic-dose LMWH should continue until 6 weeks after
delivery [23, 52].

8.5.3 Thrombotic APS

Women with previous thrombosis have a high risk of recurrent thrombotic
event during pregnancy. Therefore, as soon as pregnancy is confirmed, vitamin K
antagonists should be stopped, due to the fetotoxicity, and should be switched to
therapeutic LMWH and LDA). LMWH and LDA should be stopped before delivery.
Women with thrombotic APS are at very high risk of recurrent venous thrombo-
embolism during post-partum. Therapeutic LMWH dose is recommended. Other
possible option is to return to warfarin, which is safe during breastfeeding [23].

8.5.4 Refractory obstetric APS

Refractory Obstetric APS is a delicate and challenging situation, as there is no
response to standard therapy. Some alternatives can be tried such as increased-dose
of heparin (LMWH), low-dose prednisone (10 mg/day in the 1st trimester), IVIG,
plasmapheresis, HCQ (5-6 mg/Kg/day). In 25% of obstetric APS, despite treatment,
pregnancy loss can occur [23].

8.6 Management of SLE treatment and APS/aPLs positive patients in
breastfeeding

Breastfeeding should be encouraged for all women and SLE patients are not an
exception. However, some medications are transferred into the breast milk and can
be harmful for the infant. Additionally, premature or ill infants are more suscep-
tible to some medication’s exposure [63, 69].

8.6.1 Drugs that ave compatible with breastfeeding
Hydroxychloroquine is transferred to human breast milk, but only in an

insignificant amount, about 2%, which is considered safe. Glucocorticoids, as
prednisone or methylprednisolone, are considered compatible with breastfeeding,
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since they are excreted in the breast milk in very low quantities. It is accepted by
the American Academy of Pediatrics and the British Society of Rheumatologists.
Lactation is recommended to be avoided in the first 4 hours after ingestion of

>20 mg of prednisone, as the peak concentration in breast milk is achieved 2 hours
after maternal ingestion [63, 64].

Azathioprine, cyclosporine and tacrolimus, IVIG, heparin and warfarin are
compatible with nursing, since the evidence shows that the excretion in breast milk
is very low [63, 64].

Antihypertensive medications are commonly used, though evidence about the
use of ACEIs and breastfeeding are lacking. Some data point out that captopril
and/or enalapril seems to be selectively barred from blood to breast milk, so it is
unlikely to cause adverse effects in nursing newborns. Nifedipine is considered safe
during lactation [63, 70].

8.6.2 Drugs that ave not compatible or should be avoided when breastfeeding

NSAIDs are not recommended, since there is not enough information about the
safety of these drugs. Ibuprofen is the preferred drug, but only because it appears to
be excreted in very small amounts in breast milk. Once more, LDA seems to be the
exception, but there is no robust data about LDA and nursing.

Methotrexate is excreted in low concentrations into breast milk, but it can
accumulate in neonatal tissues, so guidelines strongly advise to avoid MTX in
breastfeeding mothers.

There is no sufficient data on the transmission of mycophenolate mofetil,
leflunomide, RTX, BEL and in cyclophosphamide into breast milk, so these drugs
should be avoided during lactation [58, 63, 70].

9. Postpartum and neonate complications

Maternal and fetal complications after pregnancy can result not only from SLE
(disease), but also from other factors frequently associated with SLE. Maternal
flares can occur in any trimester of pregnancy or after delivery, but it seems to be
more prevalent in the 3rd trimester and until one year after delivery. Thus, the
importance of maternal (and newborn) monitoring in the first year after delivery is
of extreme importance [71-74].

9.1 Maternal complications of postpartum SLE

In a healthy SLE pregnancy, the woman should be offered the chance to a
spontaneous labor, at term, with vaginal delivery [75]. Maternal medication may
need a special adjustment for labor: intravenous hydrocortisone to overcome its
physiological stress, discontinuation of LMWH, for which the timing will condition
regional anesthesia.

As mentioned, SLE is associated with a higher incidence of maternal complica-
tions, both during pregnancy and in the postpartum period. Pregnant women with
SLE are more likely to have a cesarean section (unplanned), high blood pressure,
pre-eclampsia, spontaneous abortion, thromboembolic events, and infections [20].
In patients under corticosteroids at immunosuppressive dose (>1 mg/Kg), prophy-
lactic antibiotics is recommended, due to the risk of infections and sepsis [75].

HELLP syndrome (characterized by hemolysis, elevated liver enzymes and a
low platelet count in the context of pregnancy) can, by definition, occur in the
postpartum period. This occurs in one third of the cases, being more prevalent in
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women with severe pre-eclampsia [43]. Catastrophic antiphospholipid syndrome
(CAPS), characterized by acute thrombotic micro-angiopathy, was also recorded
in the postpartum period [76]. These syndromes are more frequent in patients with
SLE, thus increasing the risk of complications in this population.

The postpartum period demands a rigorous monitoring for maternal complica-
tions, as SLE flare [75]. Although no increased risk of lupus flares between 2 and
6 months postpartum, compared to during pregnancy, was found, which rate is
about 24%, flares can reach almost every patient in the first 6 months after delivery
[39]. The treatment for these situations is similar for non-pregnant SLE patients,
but the risks of breastfeeding under aggressive therapy should be outweighed.
LMHW should be continued for 6 weeks after delivery, due to the increased risk
of venous thromboembolism (VTE) during puerperium. Contraception should be
encouraged, but estrogen-containing pills must not be used by women with aPL
antibodies or APS, moderate to severe SLE and other conditions, as previous VTE,
hypertension, obesity or smoking.

9.2 Newborn complications of SLE

In general, SLE in pregnancy is associated with a higher incidence of stillbirths,
a greater occurrence of great premature babies, with a greater number of newborns
admitted to neonatal intensive care units, an APGAR score below 7 within 1 and
5 minutes and a significantly higher number of birth defects [33, 77, 78].

Neonatal SLE (0 to 27 days after delivery) is an autoimmune disease that results
from passive transfer of autoantibodies from a mother with SLE to the fetus, result-
ing in fetal and neo-natal disease. It occurs in about 3.5-8% of theses pregnancies
and is associated with the presence of maternal anti-Ro/SSA and anti-La/SSB auto-
antibodies [20, 79]. Main manifestations involve cutaneous and cardiac systems,
but it can affect and cause other organ dysfunctions (including thrombocytopenia,
hepatitis, and myocarditis) [71]. The presence of anti-Ro/SSA antibodies may be
associated with clinical manifestations, but does not appear to have a negative
impact on other SLE-related events during pregnancy [80].

The most frequent manifestation of SLE in the neonate, with a prevalence of
10 to 20%, is a transient cutaneous rash with annular or elliptical erythematous
plaques, which develops in the weeks following delivery [80]. It involves predomi-
nantly the face and scalp, is generally photosensitive and resolves spontaneously
in the first 6 to 8 months of life, which coincides with the clearance of maternal
autoantibodies from the circulation [71].

The most serious complication of neonatal SLE is a CHB, which can be diag-
nosed in-utero, on the date of birth or in the neonatal period. This occurs in about
2% of the fetuses of women with anti-Ro/SSA antibodies with a recurrence rate
of 20% in the following pregnancies [76, 81, 82]. CHB can be of any degree and
can be accompanied by extra-nodal disease, with valve involvement, endocardial
(endocardial fibroelastosis) or structural changes, including dilated cardiomyopa-
thy. About 60% of CHB babies will require a pacemaker; 10% of those will develop
cardiomyopathy after birth [12]. The 10-year mortality rate ranges 20-35%. The
use of HCQ during pregnancy seems to reduce in 65% the risk of cardiac mani-
festations of neonatal lupus in women with anti-Ro/SSA and anti-La/SSB autoan-
tibodies [83, 84]. Despite immunoglobulin can reduce transplacental transfer of
anti-Ro/SSA antibodies, a clinical trial failed to prove its efficacy [22].

Management of SLE pregnancy includes serial fetal echocardiography surveil-
lance between 16 and 28 weeks of gestation [22]. If CHB is detected, it is usually
no longer reversible. However, corticosteroids that are transplacental, as dexa-
methasone, can be administrated in order to reduce the resultant cardiomyopathy.
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Prognostic factors related to poor outcomes of neonatal CHB include: detection

of CHB at gestational age < 20 weeks, ventricular rate < 50 bpm, fetal hydrops,
carditis, changes in fetal echocardiogram, endocardial fibroelastosis, impaired left
ventricular function, and a maternal diagnosis of SLE or Sjégren’s syndrome [12].

10. Conclusion

The improvement in disease management and pregnancy monitoring have
resulted in a significant decrease in maternal and fetal complications in the last few
decades. This has been mainly contributed by 3 pillars: 1) new technologies — which
have permitted a better understanding of the immunopathogenesis of the disease,
enabling substantial data on SLE patients and focusing on the area of genetics, such
as genetic predisposition, epigenetics contribution and how these contribute in
developing irreversible loss of immunologic self-tolerance; 2) access to healthcare —
has permitted SLE patients to better hospital care through the course of their
disease; and most importantly: 3) multidisciplinary management — this is essential
to achieve successful maternal and fetal outcomes. This is made by a multidisci-
plinary team of experienced and dedicated physicians that define a strategic plan,
such as preconception counseling, pregnancy planning and increased availability
of safe drugs in pregnancy and puerperium, to improve both maternal and fetal
outcomes. It is crucial to make the correct choice of therapy for women with SLE
preconceptionally, during pregnancy and lactation. Medications must be reviewed
and adjusted to minimize the effect on the fetus, while maintaining the disease
under control.

In this way, even if SLE keeps being a severe risk factor for pregnancy, a healthy
outcome for both mother and child has become a more frequent reality.
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Novel Therapeutic Interventions
in Systemic Lupus Erythematosus

Panagiotis Athanassiou, Lambros Athanassiou
and Ifigenia Kostoglou-Athanassiou

Abstract

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease. It is
characterized by a variable clinical course ranging from mild to fatal disease. It
can affect the kidneys. The aim of treatment in SLE is the prevention of flares and
the prevention of accumulation of damage to the main organs affected as well as
the prevention of drug side effects. The cornerstone of SLE treatment is hydroxy-
chloroquine. Corticosteroids are used both as induction treatment in disease flares
as well as in small doses as maintenance treatment. Immunosuppressants, such as
azathioprine, methotrexate and mycophenolate mofetil are used as steroid sparing
agents. Calcineurin inhibitors, namely tacrolimus and cyclosporin A may also be
used as immunosuppressants and steroid sparing agents. Pulse methylprednisolone,
along with mycophenolate mofetil and cyclophosphamide are used as induction
treatment in lupus nephritis. Rituximab, an anti-CD20 biologic agent may be used
in non-renal SLE. In patients insufficiently controlled with hydroxychloroquine,
low dose prednisone and/or immunosuppressive agents, belimumab may be used
with beneficial effects in non-renal disease and lupus nephritis.

Keywords: systemic lupus erythematosus, treatment, hydroxychloroquine,
corticosteroids, mycophenolate mofetil, rituximab, belimumab

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease affecting
many organ systems. It has a variable course, ranging from a mild course to severe
fatal disease. It affects mainly women in the reproductive age. Women of African or
Asian origin suffer frequently and present with more severe disease. The treatment
of SLE is in the focus of scientific interest as new immune modulating agents have
entered the management of the disease.

The therapeutic management of the disease depends mainly on antimalarial
agents, namely hydroxychloroquine, corticosteroids, immunosuppressive agents
and biologic drugs (Figures 1 and 2). The use of hydroxychloroquine is established
in SLE. Similarly, the use of corticosteroids has been in the mainstream of lupus
treatment for many years. Their use is hindered by their adverse effects, which may
occur even with small doses. Immunosuppressive agents such as azathioprine and
methotrexate have been used as steroid sparing agents. The use of mycophenolate
mofetil (MMF) is also in the mainstream treatment of severe SLE cases or lupus
nephritis. Rituximab, an antiCD20 antibody targeting B lymphocytes has also been

111 IntechOpen



Lupus - Need to Know

corticosteroids

] methotrexate
hydroxychloroquine P

azathioprine N S/

’ N, N
belimumab” rituximab

Figure 1.
Agents involved in systemic lupus evythematosus treatment.
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Figure 2.
Agents contributing to the treatment of lupus nephritis.

applied in the treatment of severe SLE cases. Recently, the use of belimumab has
been introduced in the treatment of SLE and is indicated in patients with non-
renal disease and renal disease not responsive to standard treatment. Although,
recent advances in treatment have improved prognosis and life expectancy in lupus
patients, much progress remains to be achieved. In the present chapter, the use of
various treatment modalities for SLE will be discussed. Additionally, the use of
supplementary drugs will be reviewed.

2. Systemic lupus erythematosus treatment
2.1 Antimalarials

Antimalarials have been used for many years in the treatment of rheumatic dis-
eases [1, 2]. Historically, antimalarials had been observed to ameliorate rheumatic
symptoms in soldiers taking these drugs during World War II for the prevention
of malaria [3]. Clinical application of hydroxychloroquine and chloroquine in the
treatment of rheumatic diseases has been widely reported. The use of hydroxychlo-
roquine in the treatment of SLE has been well established [4, 5]. It has been used
in both discoid lupus and SLE [6]. Chloroquine and hydroxychloroquine increase
pH within intracellular vacuoles and modify processes such as protein degrada-
tion by acidic hydrolases in the lysosome, organization of macromolecules in the
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endosomes, and post-translation modification of proteins in the Golgi apparatus.
The antirheumatic properties of antimalarials is a consequence of their interference
with antigen processing in antigen-presenting cells. For the digestion of antigenic
proteins and for the peptides to assemble with the chains of the MHC class II
proteins it is necessary to have acidic cytoplasmic compartments. Antimalarials
increase the pH thereby diminishing the formation of peptide-MHC protein
complexes which are required to stimulate CD4+ T cells and down-regulating the
immune response against autoantigenic peptides [7, 8]. It also blocks Toll-like recep-
tors on dendritic cells [9]. A review of controlled trials on the clinical efficacy and
safety of antimalarials showed that adequate evidence exist for these drugs, in par-
ticular hydroxychloroquine in preventing lupus flares, increasing long term survival
of patients and lupus activity in pregnant women without proven teratogenicity
[10]. Moderate evidence exists for the prevention of irreversible organ damage, pre-
vention of bone destruction and prevention of thrombosis. Weaker evidence exists
for the reduction in severe lupus activity, lipid levels and subclinical atherosclerosis
[11]. Hydroxychloroquine has been shown to improve glucose metabolism [12].

The toxicity of antimalarials is mild, infrequent and it is usually reversible. When
given attention to dosage hydroxychloroquine has a safer profile. Ruiz-Irastorza et
al recommended that hydroxychloroquine should be given to all patients with lupus
during the full course of the disease [13]. They have described hydroxychloroquine
as being the cornerstone of lupus treatment [13]. There have been very few efforts
on discontinuation of the drug due to its proven efficacy and the few and mild side
effects. Hydroxychloroquine has multiple beneficial effects in SLE. It reduces lipid
levels, thereby inhibiting atherosclerosis [14, 15]. Hydroxychloroquine has multiple
effects on cholesterol metabolism, as it inhibits cholesterol biosynthesis, inihibits
lysosomal hydrolysis of cholesteryl ester and stimulates the capacity of LDL recep-
tor and the activity of HMG-CoA reductase [16]. Hydroxychloroquine protects
lupus patients from thrombosis, as it has known antithrombotic action. It reduces
red blood sludging, blood viscosity, platelet aggregation and protects the annexin

V “shield” from disruption by antiphospholipid antibodies [17]. Additionally, it
reduces glucose levels via multiple mechanisms [18].

2.2 Corticosteroids

Corticosteroids have been used at large bolus doses as induction treatment as well
as at small doses as maintenance treatment in patients with SLE [19] (Figure1). They
reduce disease activity as well as disease burden accrual on different organ systems
[20]. Corticosteroids have potent immunomodulatory properties [21]. They are
known to modulate all aspects of immune response and have strong immunosuppres-
sive and anti-inflammatory properties [22, 23]. Their effects on the immune system
are known to be mediated mainly by their trans repression mode of action, namely
by their ability to reduce the expression of inflammatory transcription factors [24].
As corticosteroids are characterized by many severe and less severe side effects such
as propensity to infections [25, 26], blood glucose elevation [27] and osteoporosis
[28], different immunomodulating agents have been applied in patients with SLE as
corticosteroid sparing agents.

Methylprednisolone pulse therapy is used for the treatment of severe mani-
festations of SLE. Intravenous pulses of prednisolone rapidly immunosuppress
patients with organ and/or life-threatening manifestations of SLE [29, 30]. The
gold standard is 1 g/day for 3-5 days [31]. However, this treatment schedule may be
associated with significant infectious complications and lower doses may be useful
as well. In particular, it has been shown that a lower dose pulse methylprednisolone
treatment schedule involving <1500 mg/3 days may have the same beneficial effects
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and fewer adverse effects, in particular severe infections [32]. An intensive treat-
ment schedule of rituximab, cyclophosphamide and intravenous pulses of methyl-
prednisolone has been applied with excellent results in patients with SLE and severe
organ manifestations including nephritis [33]. Patients improved significantly and
long-term immunosuppression other than prednisone 5 mg/day was avoided.
Corticosteroids in the form of prednisone daily as maintenance treatment for
SLE patients has been applied for years. New data show that introducing lower
initial doses of prednisone (<15 mg/day) and thereafter tapering to low doses of
prednisone (5 mg/day or even lower) has been shown to be effective in SLE [34-36].
Mild flares can be managed with transient increases of prednisone up to 15 mg/day
with rapid reduction. In moderate severe flares the use of pulse methylprednisolone
125 mg, 250 mg or 500 mg/day for three consecutive days is much more effective
and less toxic than increasing oral prednisone to 0.5-1 mg/kg/day [32]. Rapid
reduction from doses up to 30 mg/day prednisone should be performed to 5-2.5 mg/
day within few weeks. Inmunosuppressive therapy should be started early in severe
forms of the disease and when prednisone cannot be reduced to 5 mg/day or less.

2.3 Immunosuppressants
2.3.1 Azathioprine

Azathioprine is a purine analogue. It inhibits DNA synthesis by acting on pro-
liferating cells [37]. It acts on the DNA [38]. Azathioprine is metabolized to 6-mer-
captopurine through reduction by glutathione and other sulfhydryl-containing
compounds and then enzymatically converted into 6-thiouric acid, 6-methyl-mer-
captopurine, and 6-thioguanine [38]. Ultimately, azathioprine is incorporated into
replicating DNA and can block the de novo pathway of purine synthesis. It is this
action that is thought to contribute to its relative specificity to lymphocytes due to
lack of a salvage pathway. The inhibition of purine synthesis, leads to less DNA and
RNA available for the synthesis of white blood cells, including cells of the immune
system. Actively replicating cells, such as T cells and B cells of the immune system,
which actively synthesize purine to make new DNA are strongly affected [39, 40].
Thus, immunosuppression ensues. It has been used successfully in SLE as steroid
sparing agent and in cases of lupus flares. It can be used safely during pregnancy
[41]. It can be used as maintenance treatment in lupus nephritis [42].

2.3.2 Methotrexate

If the disease is not controlled with up to 5 mg prednisone methotrexate can be
used as an immunosuppressant and steroid sparing agent [43, 44]. Methotrexate
exerts anti-inflammatory actions through some well-known and other less well-
known mechanisms [45, 46]. It inhibits dihydrofolate reductase thus diminishing
the de novo synthesis of purines and pyrimidines by preventing the regenera-
tion from dihydrofolate of tetrahydrofolate. Tetrahydrofolate is essential for
the generation of folate cofactors required for purine and pyrimidine synthesis
[47]. The reduction in the levels of methyl donors, such as tetrahydrofolate and
methyl tetrahydrofolate, by the inhibition of dihydrofolate reductase results in the
inhibition of the generation of lymphotoxin polyamines through methionine and
S-adenosylmethionine. The inhibition of amino-imidazole-carboxamido-ribonu-
cleotide transformylase results in an increase in intracellular amino-imidazole-car-
boxamido-ribonucleotide levels. This increase has potent inhibitory effects on AMP
deaminase and adenosine deaminase. Thus, adenosine is accumulated. Adenosine
confers anti-inflammatory effects [48, 49]. Methotrexate has favorable effects on
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the joints and the skin [50]. It is teratogenic, therefore if pregnancy is contemplated
it should be withdrawn before conception [51].

2.3.3 Mycophenolate mofetil

Mycophenolate mofetil (MMF) has been used for many years in the treatment
of SLE. It is a potent immunosuppressing agent with efficacy in lupus nephritis [52]
(Figure 2) and non-renal lupus [53]. It is particularly indicated in patients with lupus
nephritis [54]. MMF is an inhibitor of purine synthesis and it acts to inhibit lympho-
cyte proliferation and nitric oxide production by activated macrophages [55]. MMF is
a prodrug of mycophenolic acid. Mycophenolic acid is an inhibitor of inosine-5"-mo-
nophosphate dehydrogenase [55], it depletes guanosine nucleotides preferentially in
T and B lymphocytes and inhibits their proliferation, thereby suppressing cell-medi-
ated immune responses and antibody formation, it inhibits the glycosylation and
expression of adhesion molecules, and the recruitment of lymphocytes and mono-
cytes into sites of inflammation, it depletes tetrahydrobiopterin and decreases the
production of nitric oxide by inducible NO synthase without affecting the activity
of constitutive NO synthases. By these mechanisms MMF exerts anti-inflammatory
activity [55]. MMF quickly and persistently reduces numbers of activated B cells and
levels of free immunoglobulin light chains [56]. Careful studies in lupus nephritis
have established the equivalence of MMF to intravenous (IV.) cyclophosphamide and
its equivalence or superiority to azathioprine in the maintenance phase of treatment
[Aspreva Lupus Management Study (ALMS), (MAINTAIN) trial] [57-61]. MMF is
effective in non-renal lupus as well. In a systematic review of 20 case series and open-
label trials MMF was shown to benefit patients with hematological manifestations
and refractory dermatological involvement [62]. It has also been shown to improve
lupus arthritis. MMF has side effects including gastrointestinal symptoms, bone mar-
row suppression, infection risk and long-term risk of cancer from immunosuppres-
sion. It appears to be less toxic than cyclophosphamide. Cases of drug sensitivity to
MMF have been reported among an Asian subgroup of patients when combined with
high-dose corticosteroids [62-64]. By contrast, MMF appears to be more effective in
preventing renal flares in high-risk populations such as African Americans [65].

2.3.4 Cyclophosphamide

Cyclophosphamide is an alkylating agent. It crosslinks DNA and results in
the death of activated lymphocytes and protects glomeruli [56, 66]. It modulates
the expression of T and B cell activation markers [67]. It has been demonstrated
in a meta-analysis that there is a decreased risk of end-stage renal disease when
cyclophosphamide is applied as standard of care therapy for lupus nephritis [68].
Cyclophosphamide has potential side effects, which include leukopenia, infection
risk, bladder toxicity and increased risk of malignancy [69]. Consequently, cyclophos-
phamide is used as an induction treatment for severe lupus [64, 70] and is replaced by
other agents, such as MMF and azathioprine for long-term maintenance treatment.

2.3.5 Calcineurin inhibitors

The use of calcineurin inhibitors tacrolimus and cyclosporin A in SLE is derived
from the experience of these drugs gained in organ transplantation. These drugs
suppress the production of cytokines, inhibit T- and B cell activation and preserve
the renal podocyte actin cytoskeleton, thus reducing proteinuria [71]. In non-renal
SLE cyclosporin A exhibits steroid-sparing effects, reduces disease activity and
flares [72]. Cyclosporin A acts by modulating lymphocyte function [73, 74]. It forms

115



Lupus - Need to Know

a complex with cyclophilin to block the phosphatase activity of calcineurin. Thus,
it decreases the production of inflammatory cytokines by T lymphocytes [75].
Tacrolimus is preferentially used for lupus nephritis as it exhibits fewer side effects
and is characterized by better long-term outcome [76]. Tacrolimus is a macrolide
antibiotic with immunosuppressive properties. It has a mode of action similar to
that of cyclosporin A, although the two drugs are structurally unrelated. It exerts
its effects principally through impairment of gene expression in target cells [77].
Tacrolimus bonds to an immunophilin and this complex inhibits calcineurin phos-
phatase. Tacrolimus inhibits calcium-dependent events, such as interleukin-2 gene
transcription, nitric oxide synthase activation, cell degranulation, and apoptosis.

It also potentiates the actions of glucocorticoids. It may enhance expression of the
transforming growth factor beta-1 gene [78]. T cell proliferation, especially type 1
T helper cell, in response to ligation of the T cell receptor is inhibited by tacrolimus.
Tacrolimus has been successfully applied in combination with low-dose MMF and
corticosteroids as induction therapy in lupus nephritis [76, 79, 80]. Tacrolimus (0.075
mg/kg/day) has been used in refractory lupus nephritis with good results [81],
however severe drug adverse events were observed, such as a high rate of infections
and diabetic ketoacidosis. Cyclosporin A (2.6-3.7 mg/kg/day) has also been used

in refractory lupus nephritis with good results, however drug adverse events such
as tremor and hypertension have been noted [81]. Voclosporin, a novel calcineurin
inhibitor is now used in lupus nephritis and is showing promising results [82].

2.3.6 Plasmapheresis

Plasmapheresis has been used successfully in refractory cases of neuropsychiatric
lupus [83]. Plasmapheresis has also been applied in pregnant women with active lupus
or antiphospholipid syndrome or in cases of lupus nephritis [84]. Immunoadsorption,
is replacing plasmapheresis and appears to have good results [84].

2.3.7 Intravenous immunoglobulin

Therapeutic intravenous immunoglobulin (IV IG) mostly consists of human
polyspecific immunoglobulin G. IV IG has been used in patients with systemic lupus
erythematosus and was shown to reduce the activity of the disease [85]. IV IG may be
used in cases of refractory neuropsychiatric lupus [83] and in lupus myocarditis [86].

2.4 Biologics

Biologic drugs currently incorporated in SLE treatment are rituximab [87-89]
and belimumab [90-93] (Figure 1). The sequential use of rituximab and belim-
umab is also under investigation [94, 95]. Other biologic agents targeting the B
lymphocyte have also been applied [96]. Various biologic drugs have been used in
treatment regimens for SLE patients with poor response or side effects to standard
treatment [97]. The original goal of biologics was to induce disease remission and
establish self-tolerance [98, 99]. This goal has not been achieved. It may be that the
heterogeneity of disease mechanisms inherent in SLE may guide the introduction of
cell- and cytokine- or pathway specific therapies which will be effective in various
subgroups of SLE patients [97].

2.4.1 Rituximab

Rituximab is a humanized anti-CD20 monoclonal antibody used for B cell deple-
tion therapy. Rituximab can induce killing of CD20+ cells via various mechanisms.
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The effects of rituximab include complement-mediated cytotoxicity and antibody-
dependent cell-mediated cytotoxicity [100]. Targeting the B cell has been proposed
by many research studies in SLE [101]. Results from various registries have shown

a favorable benefit-risk ratio in treatment refractory SLE [102, 103]. Rituximab has
been shown to be safe and effective in the treatment of non-renal SLE [103]. Namely,
it decreases disease activity, immunologic parameters and has a steroid-sparing
effect. It can be recommended for organ-specific manifestations, such as arthritis
and thrombocytopenia. Rituximab has been shown to be effective for certain refrac-
tory SLE patients, in particular refractory neuropsychiatric SLE [104]. Thus, it can
be administered in this patient group. The therapeutic effect of rituximab has been
compared with that of MMF and with that of cyclophosphamide in a trial of 54 lupus
nephritis patients and was shown to be equally effective [105]. B cell depletion is
observed but it is not complete, because early B cells and plasma cells do not express
CD20 [106]. Normalization of B cell subsets has been observed in rituximab-treated
SLE patients [101]. In the initial introduction of rituximab, it was suggested that
complete B cell depletion might confer a better outcome for SLE [101]. However, SLE
flares were observed after repeated rituximab infusions. These flares were thought

to be a result of elevated circulating CD257 (BLyS) levels and high anti-dsDNA levels
[107, 108]. Thus, it was proposed that B cell depletion with rituximab induced a surge
in CD257 levels that may have exacerbated disease in some SLE patients [106]. In
these individuals, rituximab depletion was followed by rapid peripheral B cell recon-
stitution, with increased circulating plasmablasts. It has been suggested that these
plasmablasts might stimulate autoreactive T helper cells, which promote autoantibody
production and may drive a positive feedback loop promoting disease activity [106].
Consequently, rituximab is considered in lupus nephritis only after cyclophosphamide
and MMF have failed or in relapses [109]. Despite that, an analysis of the LUNAR
study showed complete response with rituximab in cases of lupus nephritis [110].

2.4.2 Belimumab

Belimumab, the anti-CD257 monoclonal antibody, acts as a soluble CD257
antagonist and was the first drug approved in more than 50 years by the FDA for
SLE [111-118]. The recognition of B cells as central in the pathogenesis of SLE led to
the development of drugs that block B cells, including antibodies to B-cell surface
antigens, B-cell tolerogens, blockers of co-stimulatory molecules and inhibitors of
cytokines with direct effect on B cells [119]. The BAFF/APRIL axis has been thor-
oughly investigated as these cytokines are vital to B-cell maturation and survival
[115, 120, 121]. Belimumab is an anti-BAFF antibody. Belimumab should be consid-
ered in extrarenal lupus in patients with inadequate response to hydrochloroquine
and corticosteroids and immunosuppressive drugs [122]. Patients with cutaneous
and musculoskeletal manifestations are expected to respond better. Belimumab
was tested in a study in which it was administered in lupus patients after rituximab
[123]. The effects of belimumab on proteinuria and neuropsychiatric SLE were
examined in a recent study. It was found that belimumab decreased proteinuria
and improved neuropsychiatric symptoms in neuropsychiatric SLE [124]. The US
Food and Drug Administration (FDA) has expanded the indication for belimumab
to adults with active lupus nephritis who are receiving standard therapy. The
expanded indication for belimumab for patients with LN is based on findings from
the BLISS-LN phase 3 trial. In this randomized placebo controlled clinical trial on
the effect of belimumab on lupus nephritis it was shown that belimumab led more
patients to a primary efficacy renal response than placebo and also led to a complete
renal response more patients than the placebo [125]. The risk of a renal related
event or death was lower among patients receiving belimumab.
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2.4.3 Obinutuzumab

Obinutuzumab is a novel humanized type II glycoengineered anti-CD20 antibody
[126]. In vitro studies have shown that obinutuzumab may induce superior B cell
cytotoxicity as compared to rituximab in patients with SLE [126]. Obinutuzumab is
considered an alternative B-cell depleting agent for the treatment of SLE [127]. It has
been suggested that SLE patients with secondary non-response to rituximab should be
preferentially switched to another B-cell depleting agent instead of belimumab [128].

2.4.4 Ofatumumab

Ofatumumab is a fully human anti-CD20 monoclonal antibody [129]. It induces
antibody-dependent cell-mediated cytotoxicity and complement-dependent cyto-
toxicity in CD20-expressing B lymphocytes. Ofatumumab is highly potent in lysing
B cells, as this appears to stem from its binding site on the short extracellular loop of
the target CD20 protein and its slow release from the target molecule. Ofatumumab
has been successfully applied in a patient with SLE and hypocomplementemia in
combination with fresh frozen plasma [130]. Ofatumumab, has been used as B cell
depleting therapy in SLE patients who developed severe infusion reactions to ritux-
imab [131]. The agent was well tolerated and may be a safe and effective alternative
to rituximab for B cell depletion treatment in SLE.

2.4.5 Epratuzumab

Epratuzumab is a humanized monoclonal antibody [132]. It targets CD22 on B
cells and acts as B-cell modulating treatment through inhibition of B-cell receptor
signaling. It has been applied in SLE [133] and found to be effective in SLE patients
with Sjogren’s syndrome [134].

2.4.6 Sifalimumab

Interferons (IFNs) are a family of potent immunostimulatory cytokines that are
broadly divided into three subtypes, type I, type Il and type III [135]. Of all the type
I IFNs, IFNa is the most abundant and is well characterized. The role of interferons
in autoimmunity, especially SLE is discussed [136]. Sifalimumab is a fully human
monoclonal antibody against multiple IFN-a subtypes and has shown promise in a
phase IIb clinical trial in SLE [137].

2.4.7 Rigerimod

Rigerimod is a peptide which reduces the stability of MHC molecules that present
antigens to T cells, thus blocking antigen presentation to autoreactive T cells thereby
blocking B cell maturation. It has been tested in SLE patients with encouraging
results [138].

2.5 Supplementary therapeutic modalities

Recently efforts have been made to incorporate adjunct therapeutic agents in the
treatment of SLE, so, as to reduce the toxicity of traditional drugs. Prasterone and vita-
min D are two immunomodulatory agents, which have been applied in the treatment
of SLE as supplements, in order to control disease activity and reduce the use of cor-
ticosteroids. Prasterone is a synthetic form of the hormone dehydroepiandrosterone
[139]. Its use led SLE patients to better tolerate the tapering of corticosteroids [140]
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and stabilized disease activity in some patients [141]. Vitamin D has immunomodula-
tory properties, namely it decreases inflammatory cytokines and down regulates the
renin-angiotensin system [142, 143]. It may lead to the improvement of disease activity
in SLE, as shown by some but not all studies [144-146].

3. Therapeutic strategies for the management of SLE

In 2014 a panel of experts introduced the treating-to-target approach in the
management of SLE [147]. In 2019 an update of the EULAR recommendations for
the management of SLE was published [148]. These recommendations are based
both on evidence as well as on expert opinion. According to these recommendations,
hydroxychloroquine should be administered to all lupus patients at a dose not exceed-
ing 5 mg/kg real body weight. During chronic maintenance therapy glucocorticoids
should be minimized to less than 7.5 mg/day and withdrawn if possible. Initiation
of immunomodulatory agents can aid in tapering or withdrawal of corticosteroids.

In active or flaring extra-renal disease belimumab should be considered. Rituximab
is an option for organ-threatening refractory disease. Various approaches for the
treatment of SLE are currently under investigation. These include various methods

to target interferon I, such as the use of anifrolumab, a human monoclonal antidoy

to type I interferon receptor subunit 1 [149, 150], and to inhibit T cell co-stimulation
[151]. Baricitinib, an oral selective Janus kinasel and Janus kinase 2 inhibitor is an oral
treatment, which was tested in SLE patients with favorable results [152].

4. Conclusion

Hydroxychloroquine and prednisone remain standard of care treatment for SLE.
When flares occur the introduction of immunosuppressive agents and/or biologic
drugs improves disease activity and disease outcome in SLE. Nowadays, the intro-
duction of biologic agents, such as rituximab and belimumab have revolutionized

the treatment of SLE and have opened new therapeutic horizons in all the spectrum
of lupus disease.
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Clinical Use of Mesenchymal Stem
Cells in Treatment of Systemic
Lupus Erythematosus
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Abstract

Systemic lupus erythematosus (SLE) is a chronic multisystem autoimmune
inflammatory disorder with considerable clinical heterogeneity and a prevalence of
26 to 52 out of 100,000. In autoimmune diseases, such as SLE, the immune system
loses its ability to distinguish between self and other. Treatment of SLE is challeng-
ing because of clinical heterogeneity and unpredictable disease flares. Currently
available treatments, such as corticosteroids, cyclophosphamide (CYC), and other
immunosuppressive or immunomodulating agents, can control most lupus flares
but a definitive cure is rarely achieved. Moreover, standard therapies are associated
with severe side effects, including susceptibility to infections, ovarian failure, and
secondary malignancy. Alternative therapeutic options that are more efficacious
with fewer side effects are needed to improve long-term outcome. Mesenchymal
stem cells/multipotent stromal cells (MSCs), which secrete immunomodulatory
factors that help restore immune balance, could hold promise for treating these dis-
eases. Because MSCs do not express major histocompatibility complex IT (MHC-II)
or costimulatory molecules, they are also “immunologically privileged” and less
likely to be rejected after transplant. Stem cells are defined as a class of undiffer-
entiated cells in multicellular organisms that are pluripotent and self-replicating.
MSCs are promising in regenerative medicine and cell-based therapies due to their
abilities of their self-renewal and multilineage differentiation potential. Most
importantly, MSCs have immunoregulatory effects on multiple immune system
cells. While some studies report safety and efficacy of allogeneic bone marrow
and/or umbilical cord MSC transplantation (MSCT) in patients with severe and
drug-refractory systemic lupus erythematosus (SLE), others found no apparent
additional effect over and above standard immunosuppression. The purpose of this
chapter is to discuss immune modulation effects of MSCs and the efficacy of MSCs
treatments in SLE.

Keywords: Mesenchymal stem cell, Cell therapy, Systemic Lupus Erythematosus,
Clinical trials, Lupus nephritis
1. Introduction

Systemic Lupus Erythematosus (SLE) is a chronic multi system autoimmune

inflammatory disease in which vascular inflammation cause devastating organ
damage such as end-stage renal disease (ESRD). Sizeable patient populations;
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12,600 end-stage kidney disease (ESKD) caused by SLE, are refractory for all
current standard of care [1].

Clinical presentations of SLE, prototype autoimmune disease for interferon
activation, are highly heterogeneous, ranging from mild systemic inflamma-
tion that affects skin or joints to severe organ damage (brain, kidney, lung etc.).
Heterogeneity of clinical presentations requires diverse treatment protocols,
addressing multiple immune abnormalities affecting variety of organs. The exact
etiology of SLE is not completely understood. Pathogenesis of SLE comprises
genetic, environmental, and hormonal factors which induces multiple immune
cell lines and systems act abnormally which are mostly explained by autoimmune
activation. All etiopathogenic immune pathways targeted with chemotherapy or
biologics to date have failed to improve some portion of SLE patients. Heterogeneity
of clinical presentations require diverse treatment protocols, addressing immune
abnormalities.

There is an urgent clinical need for an effective treatment of chronic autoim-
mune diseases induced by abnormal activation of immune system that result in
multiple organ damage in SLE and in others [1-3]. The current standard of care
includes high dose corticosteroids, chemotheraphy with azathioprine, cyclo-
phosphamide, mycophenolate mofetil, cyclosporin, and combination of all with
biologics such as rituximab (Anti-CD20) or belimumab (anti-Blsy) [4, 5]. Current
modalities that are available to treat SLE and SLE like diseases are immune suppres-
sive and have toxic side effects. After treatments with corticosteroids and chemo-
therapy, patients become even more vulnerable to pathogens and develop sepsis and
septic shock. In many patients, even combinations of all available medications are
not effective in controlling the disease progression and development of end stage
organ failure. Innovation of nontoxic cellular therapies that target both, the vascu-
lar wall and the immune responses within the local microenvironment, are needed.

In many patients, even combinations of all available medications are not effec-
tive in controlling the disease progression and development of end stage organ
failure. Collectively, at least 10-15% of patients fail to respond to all existing
treatments. Specifically, three groups of SLE patients with the greatest unmet need
include:

1.7-8% of patients who have severe nervous system involvement refractory to
cytotoxic and immune suppressing medications [6];

2.10-30% patients with severe nephritis who do not respond to cytotoxic and
immune suppressing therapy or available biologic treatment (such as beli-
mumab and rituximab) and become dependent on dialysis leading to death
within 15 years [1]; and

3.2-5% of patients develop thrombotic thrombocytopenic purpura who do not
respond to combination of cytotoxic medications, immune suppressants,
plasma exchange, and biologics, with mortality rate of 34-62% [7].

Disease burden of SLE and lupus nephritis in the US is estimated at 313,436
(100/100,000) and 63,256 (20/100,000), respectively [8-10]. Approximately 10
to 20 percent of patients with lupus nephritis progress to end-stage renal disease as
they do not respond to commercially available treatments.

Unfortunately, there is still no uniformly effective treatment targeting both cel-
lular and humoral autoimmunity for SLE. Therapies targeting components of cellu-
lar or humoral immune system fails to induce sustained remission in disease activity
in multicenter clinical trials. To design a new treatment that can control the cellular
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and innate immune activation and regenerate the damaged organs in active SLE, the
understanding of the degree and exact kind of the immune dysregulation is neces-
sary. Multiple immune cells and immune signaling pathways have been studied in
etiopathogenesis of SLE and have been found to act abnormally. While a set of cells
clonally expand and act abnormally, we see some of the cells that have homeostatic
roles in controlling self-tolerance are diminished or dysfunctional in SLE.

2. Immune dysregulation that leads to SLE

Pathogenesis of SLE comprises genetic, environmental, and hormonal factors
resulting in multi-system autoimmune inflammatory disease. Systemic Lupus
Erythematosus [11] is suggested to be the prototype of several systemic inflam-
matory diseases that are induced by abnormal activation of the type I (—a, —p) [12]
and II (—y) interferon (IFN) [13] pathways. Interferon activation results in multiple
immune cellular abnormalities, including; dendritic cells (DC), natural killer (NK)
cells, cytotoxic T cells, T regulatory cells (Tregs), and autoreactive B cells [14].

SLE is characterized by irregularities in innate cellular and humoral immunity
functions [15]. Abnormal T-cells and B-cells recognize self-antigens resulting in
immune hyperactivity and autoantibody production that ends up in a multisystem
inflammatory disease.

Immune dysregulation in SLE has been described by not one but multiple
cell lineages such as CD4+ and CD8+ T-cells, dendritic cells (DC), Natural Killer
(NK) cells, B-cell overproduction of autoantibodies, and T regulatory (Treg) cell
dysfunction. CD8+ T cells and NK cells have decreased cytotoxic activity. There is
a general inability of TGF- p production, which in return accounts for sustained T
and B cell hyperactivity and reduced Tregs activity and numbers. There is a dispro-
portional balance between the activated and tolerogenic DCs during SLE activity
that limits the expansion of Tregs [16]. The remaining small amount of Tregs that
are still existing during the inflammatory activity of lupus are not sufficient to over-
come the strong T-cell activation [17, 18].

In both human patients with SLE and in lupus prone mice models,

CD4 + CD25 + Foxp3+ Tregs are reported to be decreased during disease activity.
CD4+ T helper cell subset (Th17 cells) are increased in SLE in response to IL-17
activation [19, 20]. Blockage of IL-17 has also been suggested as a new treatment
option [21, 22].

Restoration of T-cell functions are important for disease control. On the other hand,
lupus-like autoimmunity can result simply due to B-cell hyperactivity, with either
minimal or no contribution from T-lymphocytes. B cell hyperactivity results with pro-
duction variety of IgG and IgM autoantibodies directed against nuclear components
such as double stranded (ds) DNA and/or single stranded (ss) DNA. Both anti-ssDNA
and anti-dsDNA are involved in disease pathogenesis and clinical progress [23, 24].

The type I interferon system appears to play a critical role in SLE etiopathology
[11, 25-27]. All the cellular and humoral immune abnormalities seem to activate
type I interferons, which in return charge the immune cells further and result in
loss of tolerance. Type I interferons control dendritic cell maturation into antigen
presenting cells which contribute to B-cell hyperactivity and induce a Thl response
and sustain T-cell activation [28, 29]. Type I interferons are not controlled well and
are in excess amount partially due to deficiency of Treg activities in SLE [30-33].

Another major etiopathogenic immune pathway is explained by multiple
complement pathway abnormalities. Complement deficiency can be seen up to
5% of all lupus patients [34]. In addition, 50% of SLE patients with deficiencies or
dysfunction of the early classical complement pathway develop a lupus-like disease.
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3. MSC treatment in SLE

While there is systemic inflammation and autoimmunity ongoing, patients
with SLE have less active immune cells that defend against pathogens and tumors
[35, 36]. Cytotoxic CD8+ T cells and T regulatory (Treg) cells that play fundamen-
tal role in immune defense are depleted during SLE activity [37].

Currently available treatments of SLE (Systemic Lupus Erythematosus) target
one cell (CD20+ B cells) or one pathway at a time leaving the others to continue
to function abnormally and their immunosuppressant side effects to diminish
patients’ ability to fight infections. After these treatments, patients become immune
compromised and vulnerable to pathogens and develop sepsis and septic shock.

In many patients, even combinations of all are not effective in controlling disease
progression sometimes developing end stage organ failure.

MSCs are multipotent stromal cells than have the potential to differentiate
into multiple mesenchymal lineages [38-43]. Core standardized definition of the
‘multipotent mesenchymal stromal cell’ as a plastic-adherent cell type bearing
various stromal surface makers, but lacking hematopoietic markers, capable of at
least osteogenic, chondrogenic and adipogenic differentiation was proposed by
a consensus group [44]. The name was later modified and was changed to ‘mes-
enchymal stromal cell’ No unique marker exists to define MSCs still and clinical
studies will certainly involve different heterogeneous MSCs that can be isolated
from different adult and fetal tissues such bone marrow (BM), umbilical cord (UC)
and adipose tissue (AT). MSCs are so far defined with the presence of their charac-
teristic cell surface markers such as CD105, CD90, CD73, CD106, CD146, CD166,
CD271 and the absence of hematopoietic progenitor cells markers such as CD45,
CD34 and CD14. They are uniquely immune privileged and can escape rejection
reactions from hosts since they do not express class I MHC, such as HLA-DR and
co-stimulatory molecules such as CD80, CD86 and CD40 [43, 45, 46]. Therefore,
they are easily used as adoptive transfer cell treatment without any prior immune
ablation therapies.

Besides their differentiation potentials, MSCs have potent immune regula-
tory effects. MSCs mediate immune system either by secreting soluble factors or
directly interacting with a variety of immune effector cells. MSCs uniquely gain
different properties and immunoregulatory effects depending on the inflamma-
tory milieu and disease setting. MSCs secrete numerous cytokines, chemokines,
and hormones to exert paracrine effects on adjacent immune cells to modulate
their proliferation, differentiation, migration, and adhesion functions under
injury conditions.

It has been suggested that with their potent immune regulatory effects MSCs are
future of cell therapy in refractory lupus. However, the studies thus far published do
not agree on the kind, amount and frequency of MSC treatments or showed consis-
tent efficacy. MSCs have not been FDA approved for any disease indication, mostly
due to challenges in potency. MSCs have been used as therapeutics in hundreds of
clinical trials, including SLE, with no adverse reactions reported.

4. Immune modulating effects of MSCs that may help suppressing auto
inflammatory activity during SLE

MSCs produce a collection of immune modulating molecules, which can locally
(paracrine) or systemically (endocrine) effect inflammation. The actions of MSCs
are dependent on the environmental signals they receive and are directed to control
the excess inflammatory response. It is well studies that MSCs can switch the T cell
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balance from a pro-inflammatory Thl phenotype (secreting INF-y and TNF-«)
or Th17 phenotype (secreting IL-17) [47] to an anti-inflammatory to Th2 profile
(secreting IL-4) (Figure 1) [48, 49].

More relevant MSC activities that may help in SLE treatment are 1) MSCs
decrease IFN-y production iz vitro by T-cells [50] 2) MSCs are able to modulate the
cytokine-production profile of (in vivo) differentiated Th17 cells, as well as the pro-
duction of the IL-17 [51-53], 3) MSCs also influence the development and function
of DCs [54, 55], 4) MSCs promote the generation of antigen-specific Tregs either
directly or indirectly by modulating dendritic cells (DCs) [56], 5) MSCs modulate
macrophages [57-60] 6) down-regulate the production of pro-inflammatory
cytokines TNF-a, IL-1, IL-6 and IL-12p70 and increase the production of anti-
inflammatory cytokine IL-10, 7) enhance the phagocytic activity which in return
induce resolution of inflammation [61-63] (Figure1).

MSCs can suppress proliferation of both CD4+ and CD8+ T lymphocytes in vitro
in a dose-dependent, non-apoptotic-induced manner, and the immunosuppres-
sive properties against T cells varies among different MSC sources. Transforming
growth factor-f (TGF-p), prostaglandin E2 (PGE2), nitric oxide (NO), and
indoleamine 2,3-dioxygenase (IDO) have been reported to be involved in the MSC-
mediated T cell suppression. CD8+ T cells and their activation axis with Indolamine
2, 3-Dioxygenase (IDO) an important anti-inflammatory factor, is suggested to be
required for successful suppression of SLE [64], and there is significant data show-
ing the need to increase the Treg activity in SLE treatment (Figure 1) [51].

One key element of the possible effect of MSCs in SLE is that once MSCs enter
the inflammatory environment particularly those SLE affected or injured organs;

THF-o, IFH-
g
o

o,

Trophic effects

Anti-inflammatory effects of
mesenchymal stem cells

Figure 1.

Suggested pathways of how anti-inflammatory effects of MSCs that control the loss of tolerance, cellular
dysfunction and inflammation. During SLE active disease multiple immune cells that works in both innate
and adaptive immune system are dysfunctional leading to loss of tolerance and sever inflammation. MSCs, can
sense the inflammatory microenvironment and act on attenuating inflammatory activity by secveting soluble
factors, such as IDO, TGF-p, PGE-2. VEGF, BMP-7, TNF-a, IL-6, IL-7and IL-10, i.e. endocrine effect. MSC
exert the immunomodulatory function by promoting a switch from pro-inflammatory to anti-inflammatory
phenotype and cytokine secretion by T- cells, dendritic cells and NK cells. MSCs can inhibit the proliferation
and activation of B effector cells and CD4 + T lymphocytes, while changing and strengthening the cytotoxic
effects of CD8 + T cells and NK cells. MSCs anti-inflammatory effects is also explained by its effect on increase
of the Tregs, while its potent effect in decreasing the IL-17 secreting Thiy cells. Red arrows are showing the

SLE inflammation activation signaling for pathogenic cellular expansion or decrease, while green arrows

and blunted lines are showing the opposing effects of MSCs on the abnormal cellular activation and anti-
inflammatory effects. MSCs endocrine secreted factors by which they ave suggested to act specific cellular
expansion and activity are defined on the arrows.
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their immune-modulatory phenotype could become activated by IFN-y, TNF-«
and IL-1p in the microenvironment [65]. Furthermore, it has been shown that
MSCs are chemotactically drawn toward a variety of wound healing cytokines in
vitro, including IL-1 and TNF-a. These data suggest that MSCs or endogenous cells
resembling MSCs, such as pericytes, are likely to migrate to and participate in the
response to tissue injury [66-69].

When MSCs are exposed to the microenvironment of diseased tissue, they con-
trol/suppress inflammation inducing regeneration [56]. With their potent immune
regulatory and regenerative effects in response to their microenvironment, and as
no adverse reactions in clinical trials have been reported, MSCs are an attractive
treatment in SLE. By increasing the potency of MSCs in SLE, it is anticipated that
primed MSCs will lower the overall cost of care for SLE patients that are refractory
for the current standard of care.

Effects of human MSCs on interferon regulated mediators, and the connections
of these mediators with clinical outcomes in SLE have been suggested, but MSC
treatments have not been efficacious across heterogeneous organ involvement of
SLE to date.

MSCs have been used as therapeutics in hundreds of clinical trials, as of July
2020, there were a total of 1,138 registered clinical trials to clinicaltrials.gov includ-
ing SLE. In the 18 published clinical trials with outcomes there were no serious
adverse events reported [70]. However, MSCs have not been FDA approved for any
disease indication yet, mostly due to challenges in potency. MSC treatment has been
shown to be successful for a short time and there were relapses in SLE patients in
6-12 months [71, 72].

MSC sources used in clinical trials have different donor pools and are isolated
from different tissues with variable immune regulatory function. Furthermore,
large-scale MSC-based cell therapy remains restricted due to the cells’ ability to
expand, and then efficiently respond to inflammatory environment after several
number of passages.

5. Recent SLE clinical trials using stem cells

Stem cell treatment to those SLE patients who have been refractory to all known
therapies have been the last resort. Although the results of studies reported in early
2000 suggested that autologous stem cells treatment (ASCT) suggested the efficacy
for remission induction of refractory SLE, mortality among those patients with
longer disease duration was particularly high and mostly due to immune suppres-
sive procedure (12%). Almost 30 percent patients relapsed after therapy and longer
duration of immune suppressive therapies post ASCT was suggested [73, 74]. It was
clearly shown that severe myeloablative therapies prior to ASCT’s to SLE patients
who already have immune compromised status the success rate has been poor.
Therefore, other groups assessed the safety of intense immunosuppression and
autologous hematopoietic stem cell support in patients with severe and treatment
refractory SLE [75, 76]. Overall 5-year survival of those SLE patients was 84%, and
probability of disease-free survival at 5 years following HSCT was 50% (Table1).

While the initial stem cell clinical trials were being performed for treatment of
SLE, first report of successful MSC treatment in a child with acute graft-versus-
host disease (GvHD) using allogeneic MSCs was published in 2004 [89]. After
two infusions of bone-marrow-derived MSCs obtained from his mother this child
responded very well to the infusion treatment. Following the success of this pedi-
atric case with GVHD, multiple preclinical animal studies and other human clinical
trials for treatment of other autoimmune diseases started to take place. The initial
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approach to MSC treatment took hematopoietic stem cell replacement therapies
(HSCT) as examples, and protocols that mimicked HSCT were investigated. One
similarity was to use autologous cells rather than allogeneic stem cells and the other
similarity was to use myeloablation therapies with chemotherapy agents before the
MSC treatment.

While autologous MSC treatment trials showed efficacy in increasing the
amount of immune regulatory cells that play an important role in SLE, the clinical
disease activity scores were not changed [79]. Same center that published the failure
in 2 patients treated with autologous MSCs also performed a study using allogeneic
MSCs in 15 patients and showed efficacy [78]. Because sources of allogeneic MSCs
are more available and carry less concern of being defective due to disease state or
genetic background [90], the following SLE clinical trials used mostly allogeneic
MSC sources from variable tissues.

Initial reports of allogeneic MSC trials came from a group of investigators from
China. Sun et al. reported a study performed between April 2007 to July 2009 on
16 patients with active SLE nephritis who were enrolled and underwent allogeneic
umbilical cord (UC) driven MSC treatment. Study showed efficacy of allogeneic UC
MSCs in SLE and suggested that clinical remission was correlating to the increase
in peripheral Treg cells and an improved balance between Th1- and Th2- cytokines
[77]. Cellular significance was correlating with the decreased amount of proteinuria
and decreased SLEDAI (Systemic Lupus Erythematosus Disease Activity Index)
scores. Patients in this trial received IV cyclophosphamide treatment for 2-4 days
prior to UC MSC treatment.

Same group continued to treat resistant SLE patients and enrolled eighty-seven
patients with persistently active SLE who were refractory to standard treatment
or had severe organ involvement. While some patients received allogeneic bone
marrow some received umbilical cord derived MSCs intravenously (1 x 106 cells/
kg of body weight). Three of them were given a second UC-MSC treatment (8, 3,

4 months after the first BM MSC treatment and one was given UC-MSCT additional
three times (11, 19, 20 months after the first BM MSC treatment). During the
4-year follow-up the overall rate of survival was 94% (82/87). Complete clini-

cal remission rate was 28% at 1 year (23/83). The overall rate of relapse was 23%
(20/87). Only five patients (6%) died after MSC treatment from non-treatment-
related events in the 4-year follow-up. Allogeneic MSC were suggested to result in
the induction of clinical remission and improvement in organ dysfunction in drug
resistant severe SLE patients [83].

Debate of allogeneic versus autologous stem cell treatment continued while
initial phase I and II trials were ongoing with MSCs. Sui et al. [91] compared the
research of autologous or allogeneic HSC/MSC in SLE. They analyzed the data of
Wang et al. [83] i.e. allogeneic group and that of Jayne et al. [74] and Burt et al. [75],
i.e. autologous group. In conclusion, they found that the rate of complete clinical
remission was similar in these clinical trials (approximately 50%). However, there
was higher overall survival rate, lower overall rate of relapse and no transplanta-
tion-related mortality in the allogeneic group. Because these 3 studies were not
randomized, and it was not possible to compare them with each other exactly due to
the heterogeneous disease manifestation at baseline. Authors suggested the impor-
tance of randomized clinical trials consisting of a large sample and long term follow
up of these patients to further investigate the efficacy and safety of autologous/
allogeneic stem cell transplantation [91].

X Lietal. [82, 92] further assessed the roles of allogeneic (BM and UC) MSC
treatment with in SLE patients with refractory cytopenia. Thirty-five SLE patients
with refractory cytopenia were enrolled and hematological changes of pre- and
post-transplantation were evaluated. Significant improvements in blood cell count
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were found after MSC treatment for most patients, in parallel with the decline of
disease activity. Clinical remission was again correlating with increased Treg cells
and decreased Th17 cells. Results suggested that MSCs are successful in correcting
refractory cytopenia in SLE patients which might be associated with reconstitution
of Treg and Th17.

Use of chemotherapy together or before MSC treatment for induction was also
assessed by variety of small clinical trials. Wang et al. [71] found no differences
between the patient groups that received pretreatment with cyclophosphamide and
untreated with cyclophosphamide. There was no difference in the rate of clinical
remission after MSC treatments [71]. In addition there were significant number of
patients that developed relapse in 6 months and additional MSC treatments were
given to those patients with relapse.

Fei Gu et al. [72] assessed the role of allogeneic MSC treatment to induce
renal remission in patients with active and refractory lupus nephritis (LN). They
conducted an open-label and single-center clinical trial conducted from 2007 to
2010 in which 81 Chinese patients with active and refractory LN were enrolled.
Allogeneic bone marrow- or umbilical cord-derived mesenchymal stem cells
(MSCs) were administered intravenously at the dose of 1 million cells per kilogram
of bodyweight. During the 12-month follow-up, the overall rate of survival was
95% (77/81). Totally, 60.5% (49/81) patients achieved renal remission during
12-month visit by MSCT. Eleven of 49 (22.4%) patients experienced renal flare by
the end of 12 months after a previous remission. Renal activity evaluated by BILAG
(British Isles Lupus Assessment Group) scores significantly declined after MSC
treatment, in parallel with the obvious amelioration of renal function. Glomerular
filtration rate (GFR) improved significantly 12 months after. Total disease activ-
ity evaluated by SLEDAI scores also decreased after treatment. Additionally, the
doses of concomitant prednisone and immunosuppressive drugs were tapered. No
transplantation-related adverse event was observed. They concluded that allogeneic
MSC treatment resulted in renal remission for active LN patients within 12-month
visit, confirming its use as a potential therapy for refractory LN.

Woodworth et al. [93] examined whether collective data from Wang et al. [71]
provided sufficient evidence for the feasibility, safety, dose rationale, and potential
efficacy of UC-MSCs to conduct a randomized controlled trial in treatment-refrac-
tory SLE nephritis. They observed that results, though confounded by variable
baseline prednisone and immuno-suppressive treatment, appear to indicate near
term response rates of approximately 50%, which are comparable to those seen with
hematopoietic stem cell transplantation but with less morbidity and mortality. They
also noticed that apparently, conditioning pre-MSC dosing is not required, although
this aspect of the treatment had not been studied in a controlled manner [93].

Another group performed an interesting combination therapy with HSCs and
MSC:s for life threatening organ involvement involving SLE patient refractory to
cyclophosphamide. After being pretreated with CYC, Fudarabine and antithy-
mocyte globulin, the patient was transplanted with autologous CD34+ HSCs and
MSCs by intravenous infusion. Hematopoietic regeneration was observed on day
12 thereafter. After HSC and MSC transplantation, the patient’s clinical symptoms
caused by SLE were remitted, and the SLEDAI score decreased. One more time
CD4 + CD25 + FoxP3+ Treg cells were found to be increased in peripheral blood
mononuclear cells (PBMCs) after transplantation. This study was important to
show that combined transplantation of HSCs and MSCs may reset the adaptive
immune system to re-establish self-tolerance in SLE. A 36-month follow-up showed
that the clinical symptoms remained in remission for the index patient [94].

A randomized double blind placebo control trial was reported by Deng et al.
[84] that assessed the efficacy of human umbilical cord-derived mesenchymal

145



Lupus - Need to Know

stem cell (hUC-MSC) for the treatment of lupus nephritis (LN) among 18 patients
with WHO class III or IV LN. Patients were randomly assigned to hUC-MSC (dose
2 x 10® cells) or placebo. All patients received standard immunosuppressive treat-
ment, which consisted of intravenous methylprednisolone and cyclophosphamide,
followed by maintenance oral prednisolone and mycophenolate mofetil. Initial 11
patients enrolled to the study received hUC-MSC concurrently with the intravenous
methylprednisolone and CYP induction therapy, and for the 12th to 18th patients
enrolled, the hUC-MSC were administered together with the intravenous meth-
ylprednisolone only and intravenous CYP was delayed to 4 weeks later. In result,
similar proportion of patients on hUC-MSC and placebo achieved complete remis-
sion. Improvements in serum albumin, complement, renal function, SLEDAI and
BILAG scores were similar in both groups. The trial was abandoned after 18 patients
were enrolled when it had become obvious it would not demonstrate a positive
treatment effect. They concluded that hUC-MSC has no apparent additional effect
over and above standard immunosuppression [84].

A pilot study investigated the effect of MSCs on soluble human leukocyte
antigen G (s HLA-G) levels 24 hours and 30 days after MSC injection (UC) and
reported a negative correlation between the HLA-G levels and clinical SLE activity
scores [85]. The levels of s HLA-G were lower in patients with renal involvement
than without it.

An open label phase II trial the following year reported safety and long-term
efficacy of UC MSCs in severe SLE. Wang et al. [86] reported a long-term follow-
up study of allogeneic bone marrow and/or umbilical cord MSC transplantation
(MSCT) in severe and drug-refractory systemic lupus erythematosus (SLE)
patients. Eighty-one patients were enrolled, and the 5-year overall survival rate
was 84% (68/81) after MSCT. At 5-year follow-up, 27% of patients (22/81) were in
complete clinical remission and another 7% (6/81) were in partial clinical remis-
sion, with a 5-year disease remission rate of 34% (28/81). In total, 37 patients had
achieved clinical remission and then 9 patients subsequently relapsed, with 5-year
overall rate of relapse of 24% (9/37). SLEDAI scores, serum albumin, complement
C3, peripheral white blood cell, and platelet numbers, as well as proteinuria levels,
continued to improve during the follow-up. Their results demonstrated that allo-
geneic MSC treatment is safe and resulted in long-term clinical remission in SLE
patients.

Barbado et al. [87] infused three SLE patients with MSCs who were diagnosed
with class IV nephritis by kidney biopsies. MSCs were allogeneic MSCs from healthy
donors. Total of ninety million cells were infused intravenously into each patient
during high and very high activity disease. Patient 1 was treated with cyclophos-
phamide, azathioprine, methotrexate, mycophenolate and cyclosporine, patient 2
was treated with cyclophosphamide, mycophenolate, rituximab and patient 3 was
treated with cyclophosphamide and mycophenolate before MSC treatment. Then,
follow-up was performed after 9 months. Proteinuria levels improved significantly
during the 1st month and then continued to be sustained in normal levels. Clinical
outcome scores such as SLEDAI was perfect for 2 patients while the third SLE
patient only had a partial response and the patient could reduce the dose of her
current therapies down to 50-60%. Follow up stopped after 9 months SLEDAI
scores revealed early, durable, and substantial remissions that were complete for
two patients and partial for the third patient and that permitted medication doses to
be reduced 50-90%.

In 2019 using slightly older patient population with severe SLE (SLEDAI
score > =8), Wen et al. [88] also reported efficacy of allogeneic bone marrow and
umbilical cord MSC treatment over one year of follow up in those patients that did
not have any baseline arthritis or use of cyclophosphamide of hydroxychloroquine
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in 2019. Same year Yuan et al. [95] attempted to explore the immunoregulatory
mechanism of MSC treatments in SLE patients. They showed that number of
peripheral tolerogenic CD1c* dendritic cells and levels of serum FLT3L are signifi-
cantly decreased in severely affected SLE patients especially with lupus nephritis.
UC-MSC treatment however tapered the FLT3L and inhibited the apoptosis of
tolerogenic CD1c + DCs. It is suggested that MSCs carry FLT3L that binds the

FLT3 on CD1c + DCs and enhance their ability to proliferate and stops them from
being apoptotic [95]. CD1c + DCs in human peripheral blood and in lymphoid and
non-lymphoid tissues. CD1c + DCs have been previously reported to play important
immune regulatory work such as secreting cytokines when exposed to (poly I:C),
LPS or others and regulate the activity of many immune cells such as T regulatory
cells and interferon secreting cells [96, 97]. Interferon gamma-FLT3L-FLT3 axis is
one of many mechanisms that MSCs are regulating and its implications in treatment
of SLE has been recently recognized. Tregs were shown to respond well to allogeneic
MSC treatment in several studies. Furthermore, Chen et al. previously have shown
that serum HLA-G levels correlated with the levels of Tregs after treatment with
allogeneic umbilical cell derived MSCs [85].

Latest report when this chapter was being prepared was by Zhou et al. Zhou
etal. [81] did a meta-analysis aiming at assessing whether MSCs can become a new
treatment for SLE with good efficacy and safety. Ten studies fulfilled the inclusion
criteria and were eligible for this meta-analysis, which comprised 8 prospective
or retrospective case series and four randomized controlled trails (RCTs) studies.

In the RCT, the results indicated that the MSC group had lower proteinuria than

the control group at 3 months and 6 months and the MSC group displayed a lower
SLEDAI than the control group at 2 months and 6 months. Furthermore, the MSC
group showed a lower rate of adverse events than the control group (OR = 0:26, 95%
CI: 0.07, 0.89, P = 0:03). In the case series trials, the results indicated that the MSC
group had lower proteinuria at 1 month, 2 months, 3 months, 4 months, 6 months,
and 12 months. They concluded that MSCs might be a promising therapeutic agent
for patients with SLE. However, they suggested that more studies with longer-term
end points and larger sample sizes should be designed and conducted to identify
additional and robust patient-centered outcomes in the future [81].

6. Summary/conclusions

The clinical outcome parameters and the kind and amount of MSCs used in the
clinical trials we reviewed in this chapter are variable. Most important difference of
MSCs used in the clinical trials is whether they are autologous, extracted from the
patient’s own tissue or allogeneic extracted from health donors. When we reviewed the
clinical trials using autologous MSCs trials treating SLE we observed that autologous
MSCs did not show much efficacy while allogeneic MSCs regardless of their origins
seem to be showing consistently better efficacy in most trials (Table 1). The reason
for lack of efficacy in autologous use of MSCs is most probably due to their intrinsic
abnormalities, and their inability to function at their best capacity. Autologous MSCs
may not be functioning due their previous exposure the inflammatory micro environ-
ment in SLE or due to their genetic predisposition [79].

Allogeneic mesenchymal stem cell treatment has been shown to be efficacious in
the treatment of various systemic lupus erythematosus activity, mainly in refrac-
tory lupus nephritis. Allogeneic MSCs, at 1 x 10°/kg seems to be efficacious but the
results are not as homogeneous as expected from clinical trials and FDA approval
for MSCs use in rheumatologic diseases have been challenging. Heterogeneous
results could be due to the heterogenous disease manifestations among patients
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enrolled to the clinical trials. In addition, although there are plenty of MSC trial
reports that shows evidence for MSCs efficacy in SLE, randomized prospective
controlled trials using MSCs are still missing.

In addition, the tissue source of donor MSCs shows remarkable variability, while
some investigators believe in the superior anti-inflammatory effects of audiogenic
MSCs other disagree and suggest umbilical cord MSCs immune modulatory effica-
cies. Since future MSC clinical trials and MSC therapies will be dependent on the
availability of the donor tissue, technologic advancement to optimize the MSCs
that can be easily obtained such as adipogenic tissue or peripheral blood must be
prioritized.

Most MSC products used in clinical trials still lack a clear product definition,
how they are selected, and application protocols. It is possible that the dose, route
and frequency of the cell product protocol used in a clinical trial may not be uni-
versally applicable. Furthermore, due to the ever-thriving knowledge about MSCs
functions we are yet to establish clear outcome criteria for testing MSC efficacy
and safety.

Most MSC clinical trials have the inclusion criteria to enroll patients with severe
disease activity and criteria of failure of currently available treatments. Therefore,
there might be already irreversible and secondary tissue damage and MSCs may not
be able to reverse this outcome when used in the late phase of the organ damage. If
MSCs can be given in an earlier stage of disease their efficacy might be a lot better.

In summary, as you would see from the list of clinical trials and their outcomes
(Table 1) discussed in this chapter the investigators that take roles in MSC clinical
trials are not only struggling with the source of MSCs and optimization of efficacy
they are also facing very complex regulatory issues. The variable sources of stem
cells, cumbersome manufacturing processes are further complicating design of
clinical trials. Further studies assessing the efficacy of MSC treatments needs to be
performed.

Author details

Hulya Bukulmez* and Gurinder Kumar

Department of Pediatrics, Division of Pediatric Rheumatology, MetroHealth
Medical Center, Case Western Reserve University, Cleveland, Ohio, USA

*Address all correspondence to: hxb38@case.edu

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited. [ 2NN

148



Clinical Use of Mesenchymal Stem Cells in Treatment of Systemic Lupus Erythematosus

DOI: http://dx.doi.org/10.5772/intechopen.g7261
References

[1] Maroz N and Segal MS. Lupus
nephritis and end-stage kidney disease.
Am ] Med Sci 2013; 346: 319-323.
2013/02/02. DOI: 10.1097/MA]J.
0b013e31827f4ee3.

[2] Mavragani CP and

Moutsopoulos HM. Sjogren’s syndrome:
Old and new therapeutic targets.

J Autoimmun 2020; 110: 102364.
2019/12/14. DOI: 10.1016/jjaut.
2019.102364.

(3] Ball LM, Egeler RM and Party EPW.
Acute GvHD: pathogenesis and
classification. Bone Marrow Transplant
2008; 41 Suppl 2: S58-64. 2008/07/24.
DOI: 10.1038/bmt.2008.56.

[4] Bawazier LA. Current and Emerging
Therapy on Lupus Nephritis. Acta Med
Indones 2017; 49: 369-377. 2018/01/20.

(5] Raja TW, Veeramuthu D,
Savarimuthu I, et al. Current Trends in
the Treatment of Systemic Lupus
Erythematosus. Curr Pharm Des 2020;
26:2602-2609. 2020/02/19. DOI: 10.2174/
1381612826666200211122633.

(6] Hanly JG, Kozora E, Beyea SD, et al.
Review: Nervous System Disease in
Systemic Lupus Erythematosus: Current
Status and Future Directions. Arthritis
Rheumatol 2019; 71: 33-42. 2018/06/22.
DOI: 10.1002/art.40591.

[71 Adam Z, Sokwala A, Shah ], etal. A
delay in diagnosis: thrombotic
thrombocytopenia purpura occurring in
systemic lupus erythematous. Pan Afr
Med J 2019; 34: 103. 2020/01/15. DOI:
10.11604/pam;j.2019.34.103.20524.

[8] Safiri S, Kolahi AA, Cross M, et al.
Global, regional, and national burden of
other musculoskeletal disorders 1990-
2017: results from the Global Burden of
Disease Study 2017. Rheumatology
(Oxford) 2020 2020/08/26. DOI:
10.1093/rheumatology/keaa315.

149

[9] TanakaY, O’Neill S, Li M, et al.
Systemic Lupus Erythematosus:
Targeted literature review of the
epidemiology, current treatment and
disease burden in the Asia Pacific
region. Arthritis Care Res (Hoboken)
2020 2020/08/26. DOI: 10.1002/
acr.24431.

[10] McCormick N, Marra CA,
Sadatsafavi M, et al. Socioeconomic
status at diagnosis influences the
incremental direct medical costs of
systemic lupus erythematosus: A
longitudinal population-based study.
Semin Arthritis Rheum 2020; 50: 77-83.
2019/07/31. DOI: 10.1016/j.
semarthrit.2019.06.010.

[11] Bezalel S, Guri KM, Elbirt D, et al.
Type I interferon signature in systemic
lupus erythematosus. Isr Med Assoc |
2014; 16: 246-249. 2014/05/20.

[12] Dema B and Charles N. Advances in
mechanisms of systemic lupus
erythematosus. Discov Med 2014; 17:
247-255.2014/06/03.

[13] Torell F, Eketjall S, Idborg H, et al.
Cytokine Profiles in Autoantibody
Defined Subgroups of Systemic Lupus
Erythematosus. J Proteome Res 2019; 18:
1208-1217. 2019/02/12. DOI: 10.1021/acs.
jproteome.8b00811.

[14] Hayashi T. Therapeutic strategies for
SLE involving cytokines: mechanism-
oriented therapies especially IFN-
gamma targeting gene therapy. J Biomed
Biotechnol 2010; 2010 2010/09/10. DOI:
10.1155/2010/461641.

[15] O’Neill S and Cervera R. Systemic
lupus erythematosus. Best Pract Res Clin
Rheumatol 2010; 24: 841-855.
2011/06/15. DOI: 10.1016/j.
berh.2010.10.006.

[16] Trucci VM, Salum FG,
Figueiredo MA, et al. Interrelationship



Lupus - Need to Know

of dendritic cells, type 1 interferon
system, regulatory T cells and toll-like
receptors and their role in lichen planus
and lupus erythematosus -- a literature
review. Arch Oral Biol 2013; 58: 1532-
1540. 2013/07/13. DOI: 10.1016/j.
archoralbio.2013.06.016.

[17] Larkin ], 3rd, Ahmed CM,

Wilson TD, et al. Regulation of
interferon gamma signaling by
suppressors of cytokine signaling and
regulatory T cells. Front Immunol 2013;
4: 469. 2014/01/07. DOI: 10.3389/
fimmu.2013.00469.

[18] Talaat RM, Mohamed SF,

Bassyouni IH, et al. Th1/Th2/Th17/Treg
cytokine imbalance in systemic lupus
erythematosus (SLE) patients:
Correlation with disease activity.
Cytokine 2015; 72: 146-153. 2015/02/04.
DOI: 10.1016/j.cyt0.2014.12.027.

[19] Liu Y, Liao J, Zhao M, et al.
Increased expression of TLR2 in CD4(+)
T cells from SLE patients enhances
immune reactivity and promotes IL-17
expression through histone
modifications. Eur | Immunol 2015; 45:
2683-2693. 2015/06/17. DOI: 10.1002/
€ji.201445219.

[20] Mizui M, Koga T, Lieberman LA,
et al. IL-2 protects lupus-prone mice
from multiple end-organ damage by
limiting CD4-CDS- IL-17-producing T
cells. ] Immunol 2014; 193: 2168-2177.
2014/07/27. DOI: 10.4049/
jimmunol.1400977.

[21] Rafael-Vidal C, Perez N, Altabas]|, et
al. Blocking IL-17: A Promising Strategy
in the Treatment of Systemic Rheumatic
Diseases. Int ] Mol Sci 2020; 21

2020/10/01. DOI: 10.3390/ijms21197100.

[22] Mohammadi S, Sedighi S and
Memarian A. IL-17 is Aberrantly
Overexpressed Among Under-treatment
Systemic Lupus Erythematosus Patients.
Iran ] Pathol 2019; 14: 236-242.
2019/10/05. DOI: 10.30699/
ijp.2019.94878.1934.

150

[23] Li QZ, Zhou ], Lian Y, et al.
Interferon signature gene expression is
correlated with autoantibody profiles in
patients with incomplete lupus
syndromes. Clin Exp Immunol; 159:
281-291. 2009/12/09. DOI: CEI4057 [pii]
10.1111/j.1365-2249.2009.04057.x.

[24] Hahn BH, Anderson M, Le E, et al.
Anti-DNA Ig peptides promote Treg cell
activity in systemic lupus erythematosus
patients. Arthritis Rheum 2008; 58:
2488-2497. 2008/08/01. DOI: 10.1002/
art.23609.

[25] Lee PY and Reeves WH. Type |
interferon as a target of treatment in
SLE. Endocr Metab Immune Disord Drug
Targets 2006; 6: 323-330. 2007/01/12.

[26] Zhuang H, Kosboth M, Lee P, et al.
Lupus-like disease and high interferon
levels corresponding to trisomy of the
type I interferon cluster on chromosome
9p. Arthritis Rheum 2006; 54: 1573-1579.
2006/04/29. DOI: 10.1002/art.21800.

[27] Mangini AJ, Lafyatis R and Van
Seventer JM. Type I interferons
inhibition of inflammatory T helper cell
responses in systemic lupus
erythematosus. Ann N'Y Acad Sci 2007;
1108: 11-23. 2007/09/26. DOI: 10.1196/
annals.1422.002.

[28] Sozzani S, Bosisio D, Scarsi M, et al.
Type I interferons in systemic
autoimmunity. Autoimmunity 2010; 43:
196-203. 2010/03/20. DOI:
10.3109/08916930903510872.

[29] Ronnblom L. The importance of the
type I interferon system in
autoimmunity. Clin Exp Rheumatol
2016; 34: 21-24. 2016/09/03.

[30] Yan B, Ye S, Chen G, et al.
Dysfunctional CD4+,CD25+ regulatory
T cells in untreated active systemic
lupus erythematosus secondary to
interferon-alpha-producing antigen-
presenting cells. Arthritis Rheum 2008;
58: 801-812. 2008/03/04. DOI: 10.1002/
art.23268.



Clinical Use of Mesenchymal Stem Cells in Treatment of Systemic Lupus Erythematosus

DOI: http://dx.doi.org/10.5772/intechopen.g7261

[31] Ferreira RC, Castro Dopico X,
OliveiraJJ, et al. Chronic Immune
Activation in Systemic Lupus
Erythematosus and the Autoimmune
PTPN22 Trp(620) Risk Allele Drive the
Expansion of FOXP3(+) Regulatory T
Cells and PD-1 Expression. Front
Immunol 2019; 10: 2606. 2019/11/30.
DOI: 10.3389/fimmu.2019.02606.

[32] Kailashiya V, Singh U, Rana R, etal.
Regulatory T Cells and Their
Association with Serum Markers and
Symptoms in Systemic Lupus
Erythematosus and Rheumatoid
Arthritis. Immunol Invest 2019; 48:
64-78.2018/10/17. DOI:
10.1080/08820139.2018.1527852.

[33] Dall’Era M, Pauli ML, Remedios K,
etal. Adoptive Treg Cell Therapyina
Patient With Systemic Lupus
Erythematosus. Arthritis Rheumatol
2019; 71: 431-440. 2018/10/03. DOI:
10.1002/art.40737.

[34] Ptacek T, Li X, Kelley JM, et al. Copy
number variants in genetic
susceptibility and severity of systemic
lupus erythematosus. Cytogenet Genome
Res 2008; 123: 142-147. 2008/01/01. DOI:
000184701 [pii]10.1159/000184701.

[35] Levine AB and Erkan D. Clinical
assessment and management of
cytopenias in lupus patients. Curr
Rheumatol Rep 2011; 13: 291-299. DOLI:
10.1007/s11926-011-0179-5.

[36] Tsokos GC, Lo MS, Costa Reis P,

et al. New insights into the
immunopathogenesis of systemic lupus
erythematosus. Nat Rev Rheumatol 2016;
12: 716-730. 2016/11/23. DOI: 10.1038/
nrrheum.2016.186.

[37] Zhang L, Bertucci AM,
Ramsey-Goldman R, et al. Regulatory T
cell (Treg) subsets return in patients
with refractory lupus following stem
cell transplantation, and TGF-beta-
producing CD8+ Treg cells are
associated with immunological

151

remission of lupus. J Immunol 2009; 183:
6346-6358.2009/10/21. DOI: 10.4049/
jimmunol.0901773.

[38] Jaiswal N, Haynesworth SE,
Caplan Al et al. Osteogenic
differentiation of purified, culture-
expanded human mesenchymal stem
cells in vitro. J Cell Biochem 1997; 64
295-312. 1997/02/01. DOI: 10.1002/
(SICI)1097-4644(199702)64:2
<295::AID-JCB12>3.0.CO;2-1I [pii].

[39] Lennon DP, Schluchter MD and
Caplan AL The effect of extended first
passage culture on the proliferation and
differentiation of human marrow-
derived mesenchymal stem cells. Stem
Cells Transl Med 2012; 1: 279-288.
2012/12/01. DOI: 10.5966/
sctm.2011-0011.

[40] Somoza RA, Welter JF, Correa D,
et al. Chondrogenic differentiation of
mesenchymal stem cells: challenges
and unfulfilled expectations. Tissue
Eng Part B Rev 2014; 20: 596-608.
2014/04/23. DOI: 10.1089/ten.
TEB.2013.0771.

[41] Lee Z, Dennis J, Alsberg E, et al.
Imaging stem cell differentiation for
cell-based tissue repair. Methods
Enzymol 2012; 506: 247-263. 2012/02/22.
DOI: 10.1016/B978-0-12-391856-7.
00037-8.

[42] LiR, Liang L, Dou Y, etal.
Mechanical stretch inhibits
mesenchymal stem cell adipogenic
differentiation through TGFbetal/
Smad? signaling. ] Biomech 2015; 48:
3665-3671. DOI: 10.1016/j.
jbiomech.2015.08.013.

[43] Bourin P, Bunnell BA, Casteilla L,
et al. Stromal cells from the adipose
tissue-derived stromal vascular fraction
and culture expanded adipose tissue-
derived stromal/stem cells: a joint
statement of the International
Federation for Adipose Therapeutics
and Science (IFATS) and the



Lupus - Need to Know

International Society for Cellular
Therapy (ISCT). Cytotherapy 2013; 15:
641-648. 2013/04/11. DOI: 10.1016/j.
jcyt.2013.02.006.

[44] Tyndall A and Uccelli A.
Multipotent mesenchymal stromal cells
for autoimmune diseases: teaching new
dogs old tricks. Bone Marrow Transplant
2009; 43: 821-828. 2009/03/25. DOLI:
10.1038/bmt.2009.63.

[45] Dominici M, Le Blanc K, Mueller I,
et al. Minimal criteria for defining
multipotent mesenchymal stromal cells.
The International Society for Cellular
Therapy position statement. Cytotherapy
2006; 8: 315-317. 2006/08/23. DOL:
10.1080/14653240600855905.

[46] Stacey GN, Andrews PW,
Barbaric I, et al. Stem cell culture
conditions and stability: a joint
workshop of the PluriMes Consortium
and Pluripotent Stem Cell Platform.
Regen Med 2019; 14: 243-255.
2019/04/03. DOI: 10.2217/
rme-2019-0001.

[47] Duffy MM, McNicholas BA,
Monaghan DA, et al. Mesenchymal stem
cells and a vitamin D receptor agonist
additively suppress T helper 17 cells and
the related inflammatory response in
the kidney. Am ] Physiol Renal Physiol
2014; 307: F1412-1426. 2014/10/24. DOI:
10.1152/ajprenal.00024.2014.

[48] Darlington PJ, Boivin MN,

Renoux C, et al. Reciprocal Thl and
Th17 regulation by mesenchymal stem
cells: Implication for multiple sclerosis.
Ann Neurol 2010/07/28. DOI: 10.1002/
ana.22065.

[49] Leyendecker A, Jr., Pinheiro CCG,
Amano MT, et al. The Use of Human
Mesenchymal Stem Cells as Therapeutic
Agents for the in vivo Treatment of
Immune-Related Diseases: A Systematic
Review. Front Immunol 2018; 9: 2056.
2018/09/27. DOI: 10.3389/
fimmu.2018.02056.

152

[50] Bai L, Lennon DP, Eaton 'V, et al.
Human bone marrow-derived
mesenchymal stem cells induce Th2-
polarized immune response and
promote endogenous repair in animal
models of multiple sclerosis. Glia 2009;
57:1192-1203. 2009/02/05. DOIL:
10.1002/glia.20841.

[51] Wang D, Huang S, Yuan X, et al. The
regulation of the Treg/Th17 balance by
mesenchymal stem cells in human
systemic lupus erythematosus. Cell Mol
Immunol 2017; 14: 423-431. 2015/10/06.
DOI: 10.1038/cmi.2015.89.

[52] Ghannam S, Pene ],

Moquet-Torcy G, et al. Mesenchymal
stem cells inhibit human Th17 cell
differentiation and function and induce
a T regulatory cell phenotype. ] Immunol
2010; 185: 302-312. 2010/06/01. DOL:
10.4049/jimmunol.0902007.

[53] Pianta S, Bonassi Signoroni P,
Muradore I, et al. Amniotic membrane
mesenchymal cells-derived factors skew
T cell polarization toward Treg and
downregulate Thl and Th17 cells
subsets. Stem Cell Rev Rep 2015; 11:
394-407. 2014/10/29. DOI: 10.1007/
§12015-014-9558-4.

[54] Zeng SL, Wang LH, Li P, et al.
Mesenchymal stem cells abrogate
experimental asthma by altering
dendritic cell function. Mol Med Rep
2015; 12: 2511-2520. DOI: 10.3892/
mmr.2015.3706.

[55] Liang J and Sun L. Mesenchymal
stem cells transplantation for systemic
lupus erythematosus. Int ] Rheum Dis
2015; 18: 164-171. 2015/01/23. DOI:
10.1111/1756-185X.12531.

[56] De Miguel MP, Fuentes-Julian S,
Blazquez-Martinez A, et al.
Immunosuppressive properties of
mesenchymal stem cells: advances and
applications. Curr Mol Med 2012; 12:
574-591. 2012/04/21.



Clinical Use of Mesenchymal Stem Cells in Treatment of Systemic Lupus Erythematosus

DOI: http://dx.doi.org/10.5772/intechopen.g7261

[57] Gao C, Wang X, Lu]J, etal.
Mesenchymal stem cells transfected
with sFgl2 inhibit the acute rejection of
heart transplantation in mice by
regulating macrophage activation. Stem
Cell Res Ther 2020; 11: 241. 2020/06/20.
DOI: 10.1186/s13287-020-01752-1.

[58] Cho DI, Kim MR, Jeong HY, et al.
Mesenchymal stem cells reciprocally
regulate the M1/M2 balance in mouse
bone marrow-derived macrophages.
Exp Mol Med 2014; 46: €70. 2014/01/11.
DOI: 10.1038/emm.2013.135.

[59] Geng Y, Zhang L, Fu B, et al.
Mesenchymal stem cells ameliorate
rhabdomyolysis-induced acute kidney
injury via the activation of M2
macrophages. Stem Cell Res Ther 2014; 5:
80.2014/06/26. DOI: 10.1186/scrt469.

[60] Song T, Eirin A, Zhu X, et al.
Mesenchymal Stem Cell-Derived
Extracellular Vesicles Induce Regulatory
T Cells to Ameliorate Chronic Kidney
Injury. Hypertension 20205 75: 1223-1232.
2020/04/01. DOI: 10.1161/
HYPERTENSIONAHA.119.14546.

[61] Poltavtsev AM, Poltavtseva RA,
Yushina MN, et al. Cytokine Production
in Mixed Cultures of Mesenchymal
Stromal Cells from Wharton’s Jelly and
Peripheral Blood Lymphocytes. Bull Exp
Biol Med 2017; 163: 169-175. 2017/06/06.
DOI: 10.1007/s10517-017-3759-1.

[62] Chen HW, Chen HY, Wang LT, et al.
Mesenchymal stem cells tune the
development of monocyte-derived
dendritic cells toward a myeloid-derived
suppressive phenotype through growth-
regulated oncogene chemokines. ]
Immunol 2013; 190: 5065-5077.
2013/04/17. DOI: 10.4049/
jimmunol.1202775.

[63] Cui R, Rekasi H,

Hepner-Schefczyk M, et al. Human
mesenchymal stromal/stem cells acquire
immunostimulatory capacity upon
cross-talk with natural killer cells and

153

might improve the NK cell function of
immunocompromised patients. Stem
Cell Res Ther 2016; 7: 88. 2016/07/09.
DOI: 10.1186/s13287-016-0353-9.

[64] Wang D, Feng X, LuL, etal. A CD8
T cell/indoleamine 2,3-dioxygenase axis
is required for mesenchymal stem cell
suppression of human systemic lupus
erythematosus. Arthritis Rheumatol
2014; 66: 2234-2245. 2014/04/24. DOLI:
10.1002/art.38674.

[65] Cassano JM, Schnabel LV,

Goodale MB, et al. The
immunomodulatory function of equine
MSCs is enhanced by priming through
an inflammatory microenvironment or
TLR3 ligand. Vet Immunol
Immunopathol 2018; 195: 33-39. DOI:
10.1016/jvetimm.2017.10.003.

[66] da Silva Meirelles L, Caplan Al and
Nardi NB. In search of the in vivo
identity of mesenchymal stem cells.
Stem Cells 2008; 26: 2287-2299.
2008/06/21. DOI: 10.1634/
stemcells.2007-1122.

[67] da Silva Meirelles L, Sand T'T,
Harman R]J, et al. MSC frequency
correlates with blood vessel density in
equine adipose tissue. Tissue Eng Part A
2009; 15: 221-229. 2008/10/14. DOL:
10.1089/ten.tea.2008.0103.

[68] Spitzer TL, Rojas A, Zelenko Z,

et al. Perivascular human endometrial
mesenchymal stem cells express
pathways relevant to self-renewal,
lineage specification, and functional
phenotype. Biol Reprod 2012; 86: 58.
2011/11/15. DOI: 10.1095/
biolreprod.111.095885.

[69] Caplan Al New era of cell-based
orthopedic therapies. Tissue Eng Part B
Rev 2009; 15: 195-200. 2009/02/21. DOL:
10.1089/ten.TEB.2008.0515.

[70] Rodriguez-Fuentes DE,
Fernandez-Garza LE, Samia-Meza JA,
et al. Mesenchymal Stem Cells Current



Lupus - Need to Know

Clinical Applications: A Systematic
Review. Arch Med Res 2020 2020/09/27.
DOI: 10.1016/j.arcmed.2020.08.006.

[711 Wang D, LiJ, Zhang Y, et al.
Umbilical cord mesenchymal stem cell
transplantation in active and refractory
systemic lupus erythematosus: a
multicenter clinical study. Arthritis Res
Ther 2014; 16: R79. 2014/03/26. DOI:
10.1186/ar4520.

[72] GuF, Wang D, Zhang H, etal.
Allogeneic mesenchymal stem cell
transplantation for lupus nephritis
patients refractory to conventional
therapy. Clin Rheumatol 2014; 33:
1611-1619. 2014/08/15. DOI: 10.1007/
s10067-014-2754-4.

[73] Jayne D and Tyndall A. Autologous
stem cell transplantation for systemic
lupus erythematosus. Lupus 2004; 13:
359-365.2004/07/03. DOI:
10.1191/09612033041u10270a.

[74] Jayne D, Passweg J, Marmont A, et al.

Autologous stem cell transplantation for
systemic lupus erythematosus. Lupus
2004; 13: 168-176. 2004/05/04. DOTI:
10.1191/09612033041u5250a.

[75] Burt RK, Traynor A, Statkute L,

et al. Nonmyeloablative hematopoietic
stem cell transplantation for systemic
lupus erythematosus. JAMA 2006; 295:
527-535.2006/02/02. DOI: 10.1001/
jama.295.5.527.

[76] Burt RK, Verda L, Oyama, et al.
Non-myeloablative stem cell
transplantation for autoimmune
diseases. Springer Semin Immunopathol
2004; 26: 57-69. 2004/11/19. DOI:
10.1007/s00281-004-0162-6.

[771 Sun L, Wang D, Liang J, et al.
Umbilical cord mesenchymal stem cell
transplantation in severe and refractory
systemic lupus erythematosus. Arthritis
Rheum 2010; 62: 2467-2475. 2010/05/28.
DOI: 10.1002/art.27548.

154

[78] Liang J, Zhang H, Hua B, et al.
Allogenic mesenchymal stem cells
transplantation in refractory systemic
lupus erythematosus: a pilot clinical
study. Ann Rheum Dis 2010; 69: 1423-
1429. 2010/07/24. DOI: 10.1136/
ard.2009.123463.

[79] Carrion F, Nova E, Ruiz C, et al.
Autologous mesenchymal stem cell
treatment increased T regulatory cells
with no effect on disease activity in two
systemic lupus erythematosus patients.
Lupus 2010; 19: 317-322. 2009/11/19.
DOI: 10.1177/0961203309348983.

[80] Shi D, Wang D, Li X, Zhang H,
CheN, Lu Z, etal. Allogeneic
transplantation of umbilical cord-
derived mesenchymal stem cells for
diffuse alveolar hemorrhage in systemic
lupus erythematosus. Clin Rheumatol.
2012;31(5):841-846. doi: 10.1007/
s10067-012-1943-2.

[81] Zhou T, Li HY, Liao C, et al. Clinical
Efficacy and Safety of Mesenchymal
Stem Cells for Systemic Lupus
Erythematosus. Stem Cells Int 2020;
2020: 6518508. 2020/04/24. DOL:
10.1155/2020/6518508.

[82] Li X, Wang D, Liang J, Zhang H,
Sun L. Mesenchymal SCT ameliorates
refractory cytopenia in patients with
systemic lupus erythematosus. Bone
Marrow Transplant. 2013;48(4):544-
550. doi: 10.1038/bmt.2012.184.

(831 Wang D, Zhang H, Liang J, et al.
Allogeneic mesenchymal stem cell
transplantation in severe and refractory
systemic lupus erythematosus: 4 years
of experience. Cell Transplant 2013; 22:
2267-2277.2014/01/07. DOL:
10.3727/096368911X582769c.

[84] Deng D, Zhang P, Guo Y, etal. A
randomised double-blind, placebo-
controlled trial of allogeneic umbilical
cord-derived mesenchymal stem cell for
lupus nephritis. Ann Rheum Dis 2017,
76:1436-1439. 2017/05/10. DOI: 10.1136/
annrheumdis-2017-211073.



Clinical Use of Mesenchymal Stem Cells in Treatment of Systemic Lupus Erythematosus

DOI: http://dx.doi.org/10.5772/intechopen.g7261

[85] Chen C, Liang J, Yao G, et al.
Mesenchymal stem cells upregulate Treg
cells via sHLA-G in SLE patients. Int
Immunopharmacol 2017; 44: 234-241.
2017/01/28. DOI: 10.1016/j.
intimp.2017.01.024.

[86] Wang D, Zhang H, Liang J, etal. A
Long-Term Follow-Up Study of
Allogeneic Mesenchymal Stem/Stromal
Cell Transplantation in Patients with
Drug-Resistant Systemic Lupus
Erythematosus. Stem Cell Reports 2018;
10: 933-941. 2018/02/27. DOI: 10.1016/j.
stemcr.2018.01.029.

[87] Barbado J, Tabera S, Sanchez A, et
al. Therapeutic potential of allogeneic
mesenchymal stromal cells
transplantation for lupus nephritis.
Lupus 2018; 27: 2161-2165. 2018/10/07.
DOI: 10.1177/0961203318804922.

[88] Wen L, Labopin M, Badoglio M,

et al. Prognostic Factors for Clinical
Response in Systemic Lupus
Erythematosus Patients Treated by
Allogeneic Mesenchymal Stem Cells.
Stem Cells Int 2019; 2019: 7061408.
2019/06/14. DOI: 10.1155/2019/7061408.

[89] Le Blanc K, Rasmusson I,

Sundberg B, et al. Treatment of severe
acute graft-versus-host disease with
third party haploidentical mesenchymal
stem cells. Lancet 2004; 363: 1439-1441.
2004/05/04. DOI: 10.1016/
S0140-6736(04)16104-7.

[90] Nie Y, Lau CS, Lie AK, et al.
Defective phenotype of mesenchymal
stem cells in patients with systemic
lupus erythematosus. Lupus 2010/02/02.
DOI: 0961203310361482
[pii]10.1177/0961203310361482.

[91] Sui W, Hou X, Che W, et al.
Hematopoietic and mesenchymal stem
cell transplantation for severe and
refractory systemic lupus
erythematosus. Clin Immunol 2013; 148:
186-197. 2013/06/19. DOI: 10.1016/j.
clim.2013.05.014.

155

[92] Belimumab. No tangible efficacy but
arisk of immunosuppression. Prescrire
Int 2013; 22: 149.

[93] Woodworth TG and Furst DE.
Safety and feasibility of umbilical cord
mesenchymal stem cells in treatment-
refractory systemic lupus erythematosus
nephritis: time for a double-blind
placebo-controlled trial to determine
efficacy. Arthritis Res Ther 2014; 16: 113.
2014/08/29. DOI: 10.1186/ar4677.

[94] Wang Q, Qian S, LiJ, etal.
Combined transplantation of autologous
hematopoietic stem cells and allogenic
mesenchymal stem cells increases T
regulatory cells in systemic lupus
erythematosus with refractory lupus
nephritis and leukopenia. Lupus 2015;
24:1221-1226. 2015/04/29. DOI:
10.1177/0961203315583541.

[95] Yuan X, Qin X, Wang D, etal.
Mesenchymal stem cell therapy induces
FLT3L and CD1c(+) dendritic cells in
systemic lupus erythematosus patients.
Nat Commun 2019; 10: 2498.
2019/06/09. DOI: 10.1038/
s41467-019-10491-8.

[96] Liu ] and Cao X. Regulatory
dendritic cells in autoimmunity: A
comprehensive review. ] Autoimmun
2015; 63: 1-12. 2015/08/10. DOI:
10.1016/jjaut.2015.07.011.

[97] Bamboat ZM, Stableford JA,

Plitas G, et al. Human liver dendritic
cells promote T cell hyporesponsiveness.
J Immunol 2009; 182: 1901-1911.
2009/02/10. DOI: 10.4049/
jimmunol.0803404.



Edited by Reem Hamdy A. Mohammed

Systemic lupus erythematosus (SLE) is a multisystem, immune-mediated,
inflammatory disease of unknown etiology. It is difficult to diagnose and thus
effective intervention in SLE patients is often delayed. This book is a comprehensive
guide to lupus, with chapters on diagnosis, assessment, treatment, the link between
lupus and endocrinopathies, lupus and pregnancy, and advances in therapeutics. The
book is presented by devoted authors who sought the latest evidence-based data
to provide a well-structured display aiming at setting standards for best practice
guidelines in the diagnosis and management of each and every section discussed in
the “Lupus - Need to Know.”

ISSN 2631-9233
ISBN 978-1-83968-406-7

Published in London, UK

o defun/ iSsock IntechOpen

397684067

9“7 18

8




	Lupus- Need to Know
	Contents
	Preface
	Section 1
Systemic Lupus Erythematosus: Pick the Case
	Chapter1
Don’t Miss Lupus by Stephen Soloway

	Section 2
The Lupus Kidney Disease Update
	Chapter2
Lupus Nephritis: Renal Biopsy Guiding the Clinician by Rosa Marlene Viero and Daniela Cristina dos Santos
	Chapter3
Lupus Nephritis: Current Updates by Fahd Adeeb and Wan Ahmad Hafiz Wan Md Adnan

	Section 3
Lupus and the Endocrinal System
	Chapter4
Endocrine Manifestations of Systemic Lupus Erythematosus by Ifigenia Kostoglou-Athanassiou, Lambros Athanassiou and Panagiotis Athanassiou

	Section 4
Lupus Pregnancy: An Update on All
	Chapter5
Systemic Lupus Erythematosus Pregnancy by Melissa Fernandes, Vera Bernardino, Anna Taulaigo, Jorge Fernandes, Ana Lladó and Fátima Serrano

	Section 5
Lupus: The Advent in DiseaseTargeted Therapy Current and Future Perspectives
	Chapter6
Novel Therapeutic Interventions in Systemic Lupus Erythematosus by Panagiotis Athanassiou, Lambros Athanassiou and Ifigenia Kostoglou-Athanassiou
	Chapter7
Clinical Use of Mesenchymal Stem Cells inTreatment of Systemic Lupus Erythematosus by Hulya Bukulmez and Gurinder Kumar




