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General Introduction and Outline

PROLOGUE: HIPPOCRATES’ LEGACY

“The physician must be able to tell the antecedents, know the present, and foretell the future
— must mediate these things, and have two special objects in view with regard to disease,
namely, to do good or to do no harm.”

So wrote Hippocrates — the father of modern Western medicine — in his monumental
work Epidemics. Ever since there have been doctors caring for ill patients, the most per-
tinent question has been: will the patient get better; and — if yes — by what therapeutic
means?! Prognosis and treatment: they are fundamental pillars in medicine, reflecting imme-
diate needs of the ill patient. However, the first step towards successfully treating an iliness
is finding out what is wrong. This process referred to as “‘diagnosis” is derived from the
Greek word Slaylyviwokelv, meaning "to discern, or to distinguish”.

Diagnosis

Making a diagnosis involves the identification of the nature and cause of a certain phe-
nomenon. Accordingly, patients are categorised as having a disease based on a common
aetiology, pathogenesis, or symptoms.

In the early days of medicine, the limited availability of diagnostic tools challenged the
process of making a diagnosis. Hippocrates used whatever he could take in from his
environment in making a diagnosis: from dietary habits, the season, prevailing winds, the
water supply at the patient’'s home, to the tasting of urine and smelling of sweat." In
modern medicine, more advanced diagnostic methods have come at hand. In spite of these
advanced methods, the process of diagnosis may currently still be challenging. First, doctors
must agree on a definition of a specific disease. However;, diagnosis and disease do not
represent an unchangeable truth: with expanding knowledge about disease mechanisms
and increasingly sophisticated diagnostic tools, definitions and boundaries of disease conti-
nue to shift. These shifting disease definitions do not only reflect advancing knowledge, but
also the need for doctors to incorporate developments with a practical means to group
patients assisting in clinical decision making. In some instances, the discovery of a mutation
in a single gene associated with a consistent phenotype results in a clear-cut definition of
disease and a corresponding gold standard diagnostic test, as is the case in, for instance,
cystic fibrosis and sickle cell disease. However, in most instances the cause is not found
in a single gene, but seems to be a complex multifactorial interplay between genes and
environment. In more complex cases, a clear-cut definition and gold standard diagnostic
tool may never be found.

In making a diagnosis, the underlying concept of disease as a dichotomous state is chal-
lenged by the nature of many diseases. The clinical symptoms and laboratory indicators
chosen to define a disease in reality represent a continuum. Disease is usually acquired by
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degrees, starting with exposure to a particular risk factor, followed by the development
of subclinical pathologic changes and evolution of symptoms and signs. Clearly, there is
a smooth transition from low to high values of the diagnostic indicators with increasing
degrees of dysfunction. Thus, most distributions of clinical variables are not easily divided
into normal and abnormal. In reality, most diagnoses are defined by a cut-off, chosen at
some point in the continuum between health and disease. This cut-off may be based on
a laboratory abnormality, but may also more abstractly be seen as a combination of diffe-
rent laboratory test results and clinical signs and symptoms, of which certain sets have to
be present to meet the diagnosis. If the cut-off of the diagnostic indicator is set too high,
patients with the disease may be missed, thereby decreasing the sensitivity of the indicator.
However; if the cut-off is set too low, individuals without the disease may be incorrectly
identified as being ill, decreasing the specificity of the diagnostic indicator. In formulating
disease definitions, there is a constant trade-off between sensitivity and specificity.

Prognosis

Traditionally, diagnosis is seen as the primary guide to treatment and prognosis. However,
the continuum between health and disease does not resolve once a certain cut-off is
chosen and a patient fulfils the criteria for a particular diagnosis. Ultimately, prognostic
implications are of primary importance to the patient. Because patients diagnosed with
a disease may have various degrees of the disease, there is a need to stratify patients by
prognosis. Prognosis, derived from the Greek “mipoyvwolg” (fore-knowing, foreseeing), is
the likelihood of future outcomes in a patient with a given disease. Predicting an individual's
prognosis can involve a wide range of relevant and available information, including disease,
patient, demographic, and socioeconomic factors. Thus, prognosis offers an alternative
starting point with wider incorporation of factors relevant to patient outcomes than
diagnosis alone. By this approach, multiple “‘sub-diagnoses” of prognostic subgroups can
be made among patients with a given diagnosis. Personalised medicine, also coined preci-
sion medicine, patient-tailored medicine, or stratified medicine, is the approach in clinical
medicine that attempts to incorporate the prognosis of individual patients. The goals of
personalised medicine are to optimise treatment efficacy for the individual patient,and to
minimise the risk of adverse effects due to ineffective treatment.

In this thesis, issues relating to the diagnosis and prognosis of systemic lupus erythematosus
(SLE) were investigated, a condition in which the aforementioned understanding of disease
as a clinical and pathologic spectrum with prognostic subgroups is clear. In the first part
of this introduction, SLE as a heterogeneous disease will be portrayed, demonstrating
areas from which the challenges in diagnosis and prognosis arise. In the second part, two
of the most severe visceral manifestations of SLE — lupus nephritis and neuropsychiatric
lupus — will illustrate that the concept of SLE as a spectrum extends to these specific
organ manifestations. Specific challenges in the accurate diagnosis and prognosis of these
manifestations will be pointed out.



General Introduction and Outline

PART 1: SYSTEMIC LUPUS
ERYTHEMATOSUS

SLE is an autoimmune disease characterised by loss of tolerance against nuclear autoan-
tigens, lymphoproliferation, production of autoantibodies, immune complex disease, and
multiorgan tissue inflammation.? SLE is a systemic disorder that ranges from a limited
cutaneous disorder to life-threatening multisystemic disease with major organ involvement.
The heterogeneous manifestations of SLE and the overlap of symptoms with various other
diseases can make its diagnosis extremely challenging. Because SLE may be accompanied
by significant morbidity that can be fatal, prompt diagnosis and subsequent selection of
the most effective therapy is of utmost importance for patients suffering from this disease.
Here, diagnostic and prognostic challenges in SLE will be demonstrated by review of the
clinical heterogeneity and aetiopathogenic complexity of this disease. First, review of the
history will reveal how SLE with its myriad manifestations became established as an entity
over time.

Historic background

Disease definitions of SLE have shifted considerably throughout history, reflecting advan-
cing knowledge and increasingly sophisticated diagnostic tools. The term “lupus” (Latin for
“wolf") was first used during the Middle Ages to describe erosive skin lesions reminiscent
of a wolf’s bite.> The first clear description of lupus is credited to Biett of the Paris School
of Dermatology, referring to centrifugal erythema.* His student, Cazenave, published Biett's
work and coined the term “lupus érythémateux” (lupus erythematosus) in 1833. Cazen-
ave classically described lupus as a rare condition, appearing most frequently in young
females who were otherwise healthy, mainly affecting the face. In 1846, the Viennese
physician Ferdinand von Hebra introduced the butterfly metaphor to describe the malar
rash characteristic of SLE°> He and his son-in-law Moritz Kaposi also first recognised lupus
as having a cutaneous form as well as a systemic form characterised by subcutaneous
nodules, arthritis with synovial hypertrophy of both small and large joints, lymphadenopathy,
fever, weight loss, anaemia, and central nervous system involvement.® Over the next thirty
years, pathologic studies recognised the existence of nonbacterial verrucous endocarditis
(Libman-Sacks endocarditis),” and wire-loop lesions in individuals with glomerulonephritis®

Osler wrote three papers during the years |895—1904 in which he described the visceral
complications of lupus erythematosus with cutaneous involvement. Retrospectively, only
two out of the 29 patients he described definitely appear to have had SLE, while the other
patients likely suffered from Henoch-Schénlein purpura and a number of other conditions.’
Clearly, the early diagnosis of SLE depended largely on the finding of skin lesions, which may
show overlap with currently known conditions including cutaneous tuberculosis, syphilis,
vasculitis, and others. The introduction of antibiotic treatment assisted in the distinction
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of patients with true SLE from those with confounding conditions. In 1948, the ability to
more specifically define SLE allowed Hargraves and colleagues to study bone marrow
preparations of 25 patients with SLE in which they revealed nuclei derived from dead
cells that were phagocytosed by mature polymorphonuclear cells and were being digested.
This phenomenon resulted in a distinct appearance by light microscopy coined the “LE
cell”.'® In 1954, Miescher and Fauconnet observed that when serum from SLE patients
was incubated with a suspension of cell nuclei, the ability to induce the LE cells was elimi-
nated. This observation indicated that either the serum factor responsible for the LE cell
phenomenon was destroyed by exposure to the nuclei, or removed from the serum by
reacting with the nuclei.'" In 1958, Friou demonstrated that the serum factor of patients
with SLE that reacted with the nuclei of cells was gamma globulin, and the target in the
nucleus was DNA forming complexes with histones.'” The serum factor was called the
“antinuclear factor” and could be detected by an indirect immunofluorescence technique.
These observations in the late 1950s clearly demonstrated an autoimmune pathogenic
process underlying SLE, and paved the way for the modern era of diagnosing SLE.

Epidemiology and symptomatology

In modern times, the reported prevalence of SLE ranges from 20 to 150 cases per
100,000." SLE predominantly affects women, with a male-to-female ratio ranging from
I:3 in children, 1:7—15 in adults, and 1:8 in older individuals."* "> The peak age of onset of
SLE is between 20—40 years of age."> African Americans and Hispanics are affected more
frequently than Caucasians, and have higher morbidity."®

SLE can affect any part of the body, as demonstrated by its numerous clinical manifestations.
The most common clinical signs and symptoms of SLE are shown in Figure I.

Because of its heterogeneous manifestations, SLE often mimics other diseases. Therefore,
SLE is frequently coined the “great imitator”, and is thereby a classic diagnostic conside-
ration in the differential diagnosis of many diseases. Since diagnostic criteria for SLE are
lacking, the diagnosis of SLE is usually made clinically after exclusion of other diagnoses.
In clinical practice, classification criteria for SLE are frequently used as diagnostic criteria,
although they serve a different purpose (Box 1).



Figure | Clinical manifestations of SLE.

Fatigue 74-100%
Fever 40-80%
Weight loss 44-60%

Alopecia 18-70% /

Pleuritis 30-45%
Effusion 24%

Pneumonia 29%\

Photosensitivity 41-60%
Purpura 15-34%

Urticaria 4-8% \
Hepatomegaly 7-25% —

Enteritis 38-44% \
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Psychosis 5-25%

/ Convulsions 2-20%

Butterfly rash 48-54%
Oral/nasal ulcers 48-54%

/

/Lymphadenopathy 21-50%
Pericarditis 8-48%

/ Murmurs 23%
ECG changes 34-70%

Splenomegaly 9-20%
Nephritis 34-73%

Arthritis/
/arthralgia 83-95%

/
Raynaud’s phenomenon 22-71%

Percentages indicate the frequency of the manifestation occurring at any time in the disease course. Adapted from:Von

Feldt |M.'¢
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Box |.

Diagnostic versus classification criteria

Diagnostic criteria are a set of signs, symptoms, and tests for use in routine clinical practice to guide the care of individual
patients.”” To be successful, diagnostic criteria must reflect the broad spectrum of different features of a disease, with the
objective to accurately identify as many patients with the disease as possible, including those with atypical phenotypes
of the disease. In contrast, classification criteria are primarily intended to create well-defined, homogeneous cohorts of
patients for clinical research. Classification criteria do not aim to capture the entire population of possible patients, but
rather to capture the majority of patients with the principal features of the condition. Hence, the goal of classification
criteria differs from the goal of diagnostic criteria. As a consequence, classification criteria generally tend to be more
specific, but less sensitive than diagnostic criteria. Because SLE is a very heterogeneous disease and a gold standard
for its diagnosis is lacking, diagnostic criteria with sufficient sensitivity and acceptable specificity remain unattainable.
Although SLE classification criteria may support a diagnosis of SLE, clinicians today are still compelled to diagnose SLE
based upon the totality of patients’ disease manifestations.

Classification of SLLE

An accurate and validated set of classification criteria is critical to the interpretation of
study findings and to the comparison of results between studies. Existing classification
criteria for SLE have traditionally been developed with the aim to distinguish patients with
SLE from patients with various other diseases that are mainly encountered in rheumatology
clinics.'®? In the development of the 1982 and 1997 American College of Rheumatology
(ACR) and 2012 Systemic Lupus International Collaborating Clinics (SLICC) classification
criteria for SLE, the approach has been to include a cohort of patients recruited from
rheumatology clinics with putative SLE as well as with other diseases that might appear
in the differential diagnosis in that setting. In the process of the derivation of the set of
classification criteria, experienced rheumatologists — assisted by mainly dermatologists
and neurologists — then reached a consensus on a “reference-standard” clinical diagnosis
for each patient in the cohort. Subsequently, various combinations of classification criteria
were tested to investigate which have the optimal sensitivity and specificity to distinguish
patients with SLE from those with other rheumatic diseases while at the same time do
not falsely classify patients with other rheumatic diseases as having SLE.

The original criteria for the classification of SLE established by the American Rheumatism
Association (ARA) in 1971 have been revised in 1982 by Tan et al* and updated by Hoch-
berg et al.'® in 1997 under the auspices of the ACR, resulting in a list of | | items (Table ).
Accordingly, a patient can be classified as having SLE if any four or more of the criteria are
present, serially or simultaneously, during any interval of observation.

These ACR criteria were long used as inclusion criteria for clinical trials involving patients
with SLE. When tested against patients with other rheumatic diseases in the derivation
cohort of this classification, these criteria had a sensitivity of 86% and a specificity of
93%.2° However, over the years a general consensus was reached that the ACR criteria
over-represent cutaneous lupus, may not capture early lupus, and do not capture some
patients with lupus nephritis and neuropsychiatric lupus.?'
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Table | ACR classification criteria for SLE.'82

Criterion

|. Malar Rash
2. Discoid rash
3. Photosensitivity

4. Oral ulcers

Definition

Fixed erythema, flat or raised
Erythematous raised patches with adherent keratotic scaling and follicular plugging
Skin rash as a result of unusual reaction to sunlight

Oral or nasopharyngeal ulceration

5. Nonerosive arthritis Involving two or more peripheral joints, characterised by tenderness, swelling,

or effusion

6. Serositis Pleuritis: typical pleurisy or pleural rub or evidence of pleural effusion or
Pericarditis: documented by electrocardiogram or pericardial rub or evidence of

pericardial effusion

7.Renal disorder Persistent proteinuria >0.5 grams per day or >3+ or

Cellular casts (red cell, haemoglobin, granular; tubular; or mixed)

8. Neurologic disorder Seizures (in the absence of other causes) or

Psychosis (in the absence of other causes)

9. Hematologic disorder Haemolytic anaemia or

Leukocytopenia (<4.0%0?/L on >2 occasions) or
Lymphocytopenia (<1.5%10%/L on >2 occasions) or
Thrombocytopenia (<100*[0°/L in the absence of offending drugs)

10. Immunologic disorder Anti-dsDNA: antibody to native DNA in abnormal titre or

Anti-Sm: presence of antibody to Sm nuclear antigen or

Positive finding of antiphospholipid antibodies:

¢ an abnormal serum level of IgG or IgM anticardiolipin antibodies or

* a positive test result for lupus anticoagulant using a standard method or

* afalse-positive test result for at least six months confirmed by Treponema
pallidum immobilisation or fluorescent treponemal antibody absorption test

I'l. Antinuclear antibody An abnormal titre of antinuclear antibody by immunofluorescence or an equivalent

assay at any point in time and in the absence of drugs

A group of experts on SLE, unified as the SLICC, more recently proposed revised criteria
for SLE (Table 2)."” In order for a patient to be classified as SLE according to the SLICC
criteria requires either that the patient fulfils at least four of 17 criteria, including at least
one of the I'| clinical criteria and one of the six immunologic criteria, or that the patient
has biopsy-proven nephritis compatible with SLE in the presence of antinuclear antibodies
(ANA) or anti-double-stranded DNA (dsDNA) antibodies.

The SLICC criteria were validated in 690 patients with SLE and other rheumatic diseases.
The SLICC revised criteria had a greater sensitivity but lower specificity than the 1997 ACR
classification criteria (sensitivity of 97 vs. 83 percent and specificity of 84 vs. 96 percent,
respectively).”

Reflected by the high but still suboptimal sensitivity of the different SLE classification criteria,
some patients are clinically diagnosed with SLE without fulfilling SLE classification criteria.
Sometimes these patients are designated as having “incomplete” or “latent” SLE, and may
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presumably be encountered at a relatively early time point in the course of their disease.
A substantial proportion of these patients may develop “‘complete” SLE according to clas-
sification criteria during follow-up,? particularly in the presence of discoid lupus, positive
anti-dsDNA and/or anti-Sm antibodies.?

Aetiology

Making a diagnosis based on clinical symptoms alone may adversely affect outcomes by
obscuring important information about the aetiology and pathogenesis of the disease. For
instance, infectious diseases such as borreliosis, leishmaniasis, and those caused by parvovirus
and human immunodeficiency virus may mimic systemic symptoms of SLE, and may even
result in a patient fulfilling clinical classification criteria for SLE*** However, the underlying
aetiology and pathogenesis of these conditions are different and thereby the indicated tre-
atment and outcome are also expected to be different. As seen in the classification criteria
for SLE, the demonstration of antinuclear autoantibodies plays a central role in the diagnosis
of SLE. Antinuclear autoantibodies are omnipresent in SLE and are typically present many
years before the clinical diagnosis with a progressive accumulation of specific autoantibodies.”®
However, the aetiology of the break in tolerance and subsequent production of autoantibo-
dies in SLE is not clear-cut and appears to be multifactorial. Multiple genetic predispositions
and gene-environment interactions have been identified in the setting of SLE. A longstan-
ding proposed mechanism for the development of autoantibodies involves a dysregulation
of various cell death processes (including apoptosis, necrosis, and NETosis?) with defective
clearance of dying cells. Either there is excess cell death or failure to clear debris from dying
cells efficiently. Exposure of the immune system to these hidden antigens can result in a break
of tolerance and an autoimmune response directed to these nuclear antigens — ultimately
resulting in the production of autoantibodies characteristic of SLE. Excess exposure to these
nuclear antigens can be seen in the case of exposure to ultraviolet radiation,® and mass cell
death associated with physiologic processes, or effects of viruses and medication. Defective
clearance of debris from dying cells consisting of antigens that are normally hidden from the
immune system, such as nuclear antigens (chromatin and histone proteins) and components
of cell membranes (phospholipids), can occur with e.g. defective phagocytosis, a deficiency
of early complement components,®' and defective DNase.® In addition, aberrant antigen
presentation and defects in T and/or B cell selection or regulation may be involved in the
development and perpetuation of autoimmunity in SLE>

The high concordance rate of SLE among monozygotic twins* and the increased risk of
SLE in first-degree relatives® suggest a strong genetic component in the aetiology of SLE.
Genome-wide association studies (GWAS) have identified approximately 50 genes that
predispose to SLE.* However, these genes account for only a limited part of susceptibility
to SLE, suggesting a large influence of environmental factors. The most common genetic
predisposition for SLE is found at the locus of the major histocompatibility complex (MHC).
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Table 2 SLICC classification criteria for SLE.!”

Clinical criteria

|. Acute cutaneous lupus

2. Chronic cutaneous lupus

3. Oral/nasal ulcers

4. Non-scarring alopecia

5. Synovitis (22 joints)

6. Serositis

7.Renal disorder

8. Neurologic disorder

9. Haemolytic anaemia

10. Leukocytopenia/
lymphocytopenia

| 1. Thrombocytopenia

o0 o

o AN o

Lupus malar rash (not if discoid) or

Bullous lupus or

Toxic epidermal necrolysis variant of SLE or

Maculopapular lupus rash or

Photosensitive lupus rash (in the absence of dermatomyositis) or
Subacute cutaneous lupus

Classic discoid rash localised/generalised or
Hypertrophic (verrucous) lupus or

Lupus panniculitis (profundus) or

Mucosal lupus or

Lupus erythematosus tumidus or

Chilblain lupus or

Discoid lupus/lichen planus overlap

Oral or nasopharyngeal ulceration
(In the absence of vasculitis, Behget's disease, infection (herpes), inflammatory bowel
disease, or acidic foods)

Diffuse thinning or hair fragility with visible broken hairs
(In the absence of other causes such as alopecia areata, drugs, iron deficiency, and
androgenic alopecia)

a
b.

a.
b.

Swelling or effusion or
Tenderness in >2 joints and at least 30 minutes of morning stiffness

Typical pleurisy > day or pleural effusion or pleural rub or
Typical pericardial pain > day or pericardial effusion or pericardial rub or
pericarditis by electrocardiography

(In the absence of other causes, such as infection, uraemia, or Dressler's pericarditis)

a.

Urine protein-to-creatinine ratio (or 24-hour urine protein) representing 500
mg protein/24 hours or
Red blood cell casts

Seizures or

Psychosis or

Mononeuritis multiplex (in the absence of other known causes such as primary
vasculitis) or

Myelitis or

Peripheral or cranial neuropathy (in the absence of other known causes such as
primary vasculitis, infection, and diabetes mellitus) or

Acute confusional state (in the absence of other causes, including toxic/
metabolic, uraemia, drugs)

Leukocytopenia: at least once (<4000/mm?)

(In the absence of other known causes such as Felty's syndrome, drugs, and portal
hypertension) or

Lymphocytopenia: at least once (<1000/mm?)

(In the absence of other known causes such as corticosteroids, drugs, and
infection)

At least once (<100,000/mm?)
(In the absence of other known causes such as drugs, portal hypertension, and
thrombotic thrombocytopenic purpura)
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Table 2 Continued.

Immunologic criteria

|. Antinuclear antibody Level above the laboratory reference range

2. Anti-dsDNA Antibody level above laboratory reference range (or 2-fold the reference range if

tested by ELISA)

3.Anti-Sm Presence of antibody to Sm nuclear antigen

4. Antiphospholipid antibody Positive test for lupus anticoagulant

a.
b. False-positive test for rapid plasma reagin

C. Medium- or high-titre anticardiolipin antibody level (IgA, 1gG, or IgM)
d. Positive test result for anti-2-glycoprotein | (IgA, IgG, or IgM)

5. Low complement C3,C4, or CH50

6. Direct Coombs' test In the absence of haemolytic anaemia

T cells and B cells recognise self and foreign peptides presented on the cell surface
by human leukocyte antigens (HLA) encoded by genes of the MHC. A breakdown of
immunologic tolerance to self-antigens may be mediated by aberrant presentation of self
or foreign peptides to autoreactive T cells via HLA molecules. Notably, the HLA genes
HLA-AI, -B8, and -DR3 have been linked to SLE

It is thought that in certain individuals with a genetic immunologic background that predis-
poses them to SLE, exposure to a specific environmental factor may trigger SLE. Possible
triggers may include exposure to sunlight, infection, surgery, or pregnancy. The observations
that (i) SLE is a disease predominantly affecting women; (i) SLE particularly affects women
of fertile age; and (iii) SLE may flare during pregnancy,® implicate pregnancy as an intriguing
aetiologic factor. Possibly, the antibodies in SLE are not only directed to nuclear autoantigens,
but also to nuclear antigens derived from chimeric cells that are acquired during pregnancy.
In this thesis, the relationship between pregnancy, chimerism, and SLE was investigated further.

Pregnancy-derived chimerism in SLE

In the 1990s, the discovery of bi-directional cell trafficking during human pregnancy resul-
ting in the persistence of fetal cells in the mother and of maternal cells in her offspring
for decades after birth shed new light on the relationship between pregnancy and SLE.*
Consequently, a role for pregnancy-acquired chimerism as an aetiologic factor in SLE was
postulated, which was investigated further in this thesis.

The term chimerism stems from the Greek mythical beast “'chimera” (XipaipQ): a creature
with the head of a lion, the body of a goat, and the tail of a dragon. In medicine, (micro)
chimerism refers to the occurrence of (small) numbers of cells of a distinct genetic con-
stitution in an individual.
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Pregnancy is presumed to be the most important physiologic source of microchimerism in
women. During pregnancy, fetal cells can enter the maternal circulation across the placenta
(fetal microchimerism), and maternal cells can enter the fetal circulation vice versa (mater-
nal microchimerism). A pregnant woman can acquire chimeric cells from the fetus as a
consequence of completing pregnancy, but chimeric cells may also be exchanged during
a miscarriage or abortion.***! Transplacental exchange of cells is possible because the
placenta contains microscopic disruptions, which become more permeable as pregnancy
progresses.”? Implantation of embryonic chorionic villi in the functional endometrium
results in a primitive fetomaternal circulation by the end of the third week of embryonic
development.® As pregnancy progresses, the placental barrier becomes increasingly thin-
ner; while fetal blood flow and blood pressure increase, and the villous tree expands.* Small
quantities of chimeric cells (ranging from | to up to 400 per 10° cells) can be detected
in nearly all pregnant women, starting as early as 4 weeks after gestation.* Fetal chime-
ric cells may be present in mothers as hematopoietic progenitor cells, trophoblast cells,
nucleated erythrocytes, T lymphocytes, as well as other leukocytes.”>>? Pregnancy has also
been shown to leave a long-term legacy: chimeric cells may persist in healthy women for
up to 27 years after pregnancy.®

While microchimerism during pregnancy is common in healthy individuals and may
even assist in tissue repair and maintenance, fetal microchimerism has been implicated
in various adverse phenomena, including autoimmune disease, pregnancy complications,
malignancy, infectious disease and the production of donor-specific antibodies in the setting
of organ transplantation. Maternal microchimerism is studied less frequently, but may be
of pathogenic significance in neonatal lupus syndrome,> juvenile idiopathic inflammatory
myopathies,>* and juvenile dermatomyositis.®> Few studies have looked at microchimerism
in relation to SLE. Typically, studies have focused on the detection of male microchimerism
of presumably fetal origin as identified by the Y chromosome in whole blood or in tissues
of female patients. At the tissue level, an increased occurrence of male microchimerism
has been demonstrated in women with SLE as compared to healthy women.** A number
of studies have shown that in peripheral blood, there is also an increased frequency of
male microchimerism in SLE patients compared to controls,*” ¢ whereas other studies
have found no difference.®' ¢ Interestingly, although pregnancy is presumed to be the
main source of chimerism in these cases, a clear-cut relationship between microchimerism
in tissues and pregnancy was not found. To substantiate ongoing research in the field of
chimerism and SLE and other autoimmune diseases with a female preponderance, the
significance of chimerism in pregnancy must be established first.

A crucial finding pointing towards a role for chimerism in SLE came from a mouse model
for graft-versus-host disease developed byVia and Shearer in the late 1980s.5 In this model,
the injection of a specific type of parental T lymphocytes into FI recipients resulted in a
condition resembling human SLE. This was accompanied by proliferative glomerulonephri-
tis with deposition of immune complexes similar to lupus nephritis, lymphoid hyperplasia,

21
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and production of antibodies against nuclear antigens, erythrocytes, and thymocytes. In this
model, donor parental T helper cells were able to continuously stimulate FI host B cells
because of a low frequency of cytotoxic T cell precursors. This landmark study led to the
hypothesis that a graft-versus-host phenomenon may also be involved in human SLE, as
well as in other autoimmune diseases. In this setting, the host must accept the presence
of chimeric cells, chimeric cells must be immunocompetent T cells, chimeric cells must
recognise the host as foreign, and there must be a lack of a cytotoxicT cell response against
the host. Intriguingly, these conditions all seem to hold true in human SLE.**

Another possible mechanism that may involve chimerism in the pathogenesis in SLE is the
occurrence of a host-versus-graft reaction, similar to rejection after solid organ transplan-
tation.The host must recognise the chimeric cell as foreign for a host-versus-graft reaction
to occur During and after pregnancy, anti-paternal HLA antibodies have been found in up
to 30% of women.®> Several mechanisms prevent the immune system from the mother
1o react against the paternal antigens during pregnancy.®® However, when these tolerance
mechanisms are no longer in effect after delivery, it is possible that the immune system
from the mother reacts against the fetal cells that may have been incorporated into various
tissues by that time. Because a host-versus-graft reaction would expectedly result in the
elimination of chimeric cells, the disease manifestations would be localised and limited.
This may parallel the clinical situation of an SLE patient who experiences a relatively short
and limited course of the disease. If however, the removal of chimeric cells fails, e.g. due to
an inadequate response of cytotoxic T cells or NK cells, the chimeric cells may be able to
continuously stimulate the immune system leading to persistent inflammation resembling
autoimmune disease.** Apart from a direct response to the chimeric cells, the immune
response can also be sustained by molecular mimicry. In this case, the chimeric cell induces
a host-versus-graft reaction, which in itself is self-limited, but because of cross-reactivity
between antigens on chimeric cells and self-antigens of the host, autoimmunity occurs.®*

In contrast to the proposed effects of chimerism mentioned above, chimeric cells may
also be involved in tissue repair. As previously mentioned, pregnancy may result in the
acquisition of fetal chimeric cells with the capacity for multilineage differentiation and
tissue repair. Studies in mice have demonstrated that fetal chimeric cells migrate to sites
of maternal injury.®” % In a human autopsy study, Kremer Hovinga et al.>’ found significantly
more microchimerism in organs from women with SLE that showed either SLE-related or
non-SLE-related injury, than in organs from women with SLE without injury and in uninju-
red organs from controls. No difference in the occurrence of microchimerism was found
between uninjured organs from SLE patients and uninjured organs from controls, indicating
that SLE patients did not have a higher"background" level of chimerism. Because chimeric
cells also seem to occur in tissues without apparent injury,® 7 normal tissue maintenance
may also be responsible for the occurrence of microchimerism in tissues.
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Other than having either a pathogenic or a beneficial role, it is also possible that chimeric
cells are innocent bystanders that do not react with the immune system of the host. If
one assumes that chimeric cells are distributed equally across tissues, and the cell density
increases in inflamed tissue, more chimeric cells would reasonably be found in injured
tissues. This hypothesis was investigated in an autopsy study by Kremer Hovinga et al>’
Although a tendency towards an increased occurrence of microchimerism was found when
an inflammatory infiltrate was present, the occurrence of microchimerism could not be
solely explained by an influx of inflammatory cells.

Because pregnancy is very common and SLE is relatively rare, it is likely that only cer
tain subsets of chimeric cells are pathogenic. This may depend on the phenotype of the
chimeric cells and HLA relationships between the chimeric cell and the host. Also, micro-
chimerism may not be only beneficial or pathogenic, but rather a combination of both
depending on the circumstances. Probably, only some chimeric cells with an immunocom-
petent phenotype have pathogenic potential, whereas others, such as CD34+ cells found
in pregnancy, may be innocent bystanders. In the setting of fetomaternal cell trafficking,
it is important to realise that the proportion of cell phenotypes is different between the
mother and fetus. The different subpopulations of chimeric cells in the mother and fetus
may explain why many autoimmune diseases are less common in neonates and young
children than in adults, but further research is warranted.

Pathogenesis

As previously mentioned, pathogenic autoantibodies against nuclear components currently
form an important pillar in the classification of SLE and may be of pivotal importance
in making the diagnosis. Many clinical manifestations of SLE are mediated by circulating
immune complexes that form when autoantibodies bind nuclear antigens and deposit in
various tissues or by direct binding of autoantibodies to antigens on resident cell surfaces
or extracellular components in various organs. Both situations result in the attraction
and activation of infiltrating leukocytes resulting in the release of various inflammatory
mediators, including cytokines, growth factors, vasoactive substances, complement, and
coagulation factors. Receptors for the Fc portion of deposited immunoglobulin are present
on many immune cells. Activation of Fc receptors induces a number of responses, including
Fc receptor-mediated phagocytosis and antibody-dependent cell-mediated cytotoxicity.”!
However, the complement system appears to be a key mediator of immunoglobulin-in-
duced tissue injury in SLE.

The complement system, an essential component of the innate immune system, is a
complex cascade of activation of plasma and membrane-bound proteins that are divided
according to their respective surface recognition patterns into three major pathways: the
classical pathway, the lectin pathway, and the alternative pathway.”? Immune complexes
formed by autoantibodies and antigens lead to the activation of the classical pathway. Acti-
vation of the classical pathway is initiated by the binding of complement factor Clq and
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activation of the C| complex, leading to the formation of C3 convertase and the cleavage
of complement component C3. Cleavage of C3, the most abundant serum complement
protein, results in the release of the chemotactic factor C3a and covalent attachment of
C3b to host cells, which is also important for the amplification of the cascade through the
alternative pathway and for continued activation of the complement system. In the process,
the anaphylatoxins C3a and Cba attract neutrophils and monocytes by means of a strong
chemotactic signal, which in turn propagate further tissue injury. Finally, the complement
cascade results in the formation of the terminal membrane attack complex, C5b-9. C5b-9
causes cytolysis of the target cell by insertion in cell membranes in Iytic quantities.

Importantly, while the activation of complement is apparently deleterious in the propa-
gation of tissue injury, it was mentioned earlier that a deficiency of early complement
components is associated with SLE itself. The latter is due to impaired clearance of immune
complexes and/or apoptotic debris in patients lacking Cl, C2, and C4, leading to a break
of tolerance ' Clearly, the complement system plays a dual role in SLE.

Treatment and Prognosis

Given the clinical heterogeneity of SLE, treatment is highly variable depending on disease
manifestations, disease activity and severity, comorbidities, and patient preferences.
Generally, all patients with SLE receive treatment with the antimalarial drug hydroxy-
chloroquine.” The benefits of hydroxychloroquine in the treatment of SLE are broad,
including the amelioration of constitutional symptoms, musculoskeletal manifestations, and
mucocutaneous manifestations; as well as the reduction of flare rates, thrombotic events,
organ damage accrual, and mortality.”* Additional therapy depends on the severity of
specific manifestations. Patients with mild to moderate manifestations may be treated
conservatively with nonsteroidal anti-inflammatory drugs, and/or (low-dose) corticos-
teroids. Occasionally, a steroid-sparing agent such as azathioprine may be indicated to
maintain control of symptoms.” Patients with severe or life-threatening major organ invol-
vement of SLE, such as lupus nephritis and neuropsychiatric lupus, usually require intensive
cytotoxic immunosuppression to induce remission including high doses of intravenous
corticosteroids in combination with other immunosuppressive agents, such as mycop-
henolate mofetil or cyclophosphamide. As will be discussed in more detail in Part 2 of this
introduction, these immunosuppressive agents are associated with severe and potentially
lethal adverse effects,” and selection of patients for whom such treatment is indicated is
therefore of utmost importance. The phase of intensive treatment is usually followed by
a second phase of less toxic treatment to maintain remission.”

Partly attributed to these intensive schemes of treatment that were developed during
the past decades, the prognosis of SLE has improved from less than 50% 5-year survival
in 19557 to more than 90% |0-year survival in recent years.””’® Several other factors
may have contributed to this increased survival rate, including the improved capability to
diagnose patients with (early) SLE, the increased recognition of patients with mild disease,
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and the improved treatment of comorbid and secondary conditions, such as hypertension,
infection, and renal failure.” Despite these improvements, mortality rates of patients with
SLE are on average still two to five times higher than in the general population.®® Given
the heterogeneous manifestations and corresponding heterogeneous clinical course, the
prognosis of individual patients largely depends on the presence of adverse prognostic
factors, including lupus nephritis,”® hypertension,®' male sex, older age at presentation®' low
socioeconomic status,'® Afrocaribbean race,”” presence of antiphospholipid antibodies,®
and high overall disease activity®!

The decrease in overall mortality attributed partly to immunosuppressive therapy has
resulted in a shift in causes of death among patients with SLE. Whereas in earlier days
patients with SLE frequently died of causes relating to active SLE and infections, today
the most frequent causes of death — including cardiovascular disease and malignancy —
are not directly related to SLE. Immunosuppressive therapy may now be included as an
adverse prognostic factor for these long-term outcomes. Various studies have indicated
that besides SLE itself also its treatment, especially corticosteroids and cytotoxic drugs, may
play a role in these causes of death.## As mentioned earlier; these medications are given
primarily to patients with major organ involvement of SLE — patients who are already at
increased risk of adverse outcomes.

PART 2: FOCUS ON MAJOR ORGAN
MANIFESTATIONS OF SLE

Lupus nephritis

Renal involvement due to lupus nephritis (LN) occurs in approximately one half of patients
with SLE at some time in the course of their disease.®® Clinical manifestations of LN
range from asymptomatic urinary findings (microscopic haematuria or proteinuria) to
the nephrotic syndrome and progressive renal dysfunction. Given the relatively frequent
occurrence of LN in SLE and its potentially severe consequences, patients with SLE should
undergo regular testing for renal involvement by evaluation of the urinary sediment, pro-
teinuria, and serum creatinine. Elevated anti-dsDNA titres and low complement levels may
indicate active SLE, and particularly LN, although the utility of serologic assessment differs
among patients. Laboratory abnormalities indicating renal dysfunction in a patient with
SLE require further diagnostic workup:they may indicate LN as well as an unrelated form
of renal disease. A renal biopsy serves as a central diagnostic asset in LN. Not only can a
renal biopsy confirm the diagnosis of LN and sometimes exclude other causes in a patient
with clinical suspicion of LN, but it can also guide treatment decisions and predict outcome.
The pathogenic mechanisms contributing to LN have been studied extensively and form
the foundation of its tissue diagnosis. In turn, the tissue diagnosis guides the prognosis.
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The kidney as a site of injury in SLE

The anatomy and physiology of the kidney make it highly susceptible to inflammatory
insults caused by autoantibodies. A number of factors contribute to the nonspecific
trapping of immune complexes in the kidney.®” First,immune complexes in the circulation
are delivered at a high rate to the kidney because the kidney receives roughly 25% of the
cardiac output. Second, intraglomerular pressure is higher than in other capillary beds,
and more protein than usual may be forced across the glomerular capillary wall. Third, the
glomerular capillaries provide a large and highly permeable surface through which immune
complexes circulate. Lastly, the capillary walls comprise a negatively charged surface, faci-
litating the binding of positively charged macromolecules. Initiation of renal disease in SLE
caused by preformed circulating immune complexes is likely due to the deposition of
immune complexes in the mesangium or subendothelial spaces, since these complexes
are too large to cross the capillary wall. Alternatively, immune deposits may form in situ
when antibodies bind to intrinsic antigens in the kidney, such as extracellular matrix compo-
nents or cell surface glycoproteins. In situ formation may also occur when soluble antigens
become independently localised in the kidney due to charge interactions with anionic
sites in the glomerular basement membrane. In the setting of LN, cationic histone parts
of nucleosomes are bound to anionic glomerular basement membrane components such
as heparan sulphate or collagen IV, resulting in binding of anti-dsDNA antibodies in situ.®
Since the in situ formation of immune deposits depends on the location of the intrinsic
antigen or the site where the extrinsic antigen is deposited, this type of immune complex
deposition may occur in the mesangium, subendothelial, or subepithelial space. The reaction
that these immune complexes elicit depends, in part, on the nature of the autoantibody
(its ability to activate complement or to bind to Fc receptors).®” Furthermore, depending
on the site of immune complex deposition, different patterns of injury may be observed.

Immune deposits at sites accessible to the circulation, such as the subendothelial region
or mesangium (Figure 2), tend to cause an inflhlmmatory or proliferative form of glome-
rulonephritis. Mesangial deposits (Figure 2) result in activation of mesangial cells causing
mesangial hypercellularity and production of extracellular matrix, generally resulting in
microscopic haematuria and subnephrotic proteinuria along with a preserved glomerular
filtration rate (GFR).”*?' Subendothelial deposits may elicit inflammatory nephritis charac-
terised by influx of leukocytes, endothelial cell injury,and endocapillary hypercellularity. This
pattern is often associated with capillary wall destruction and varying degrees of crescent
formation.” Because the mesangium is in direct continuity with the subendothelial space,
various degrees of mesangial proliferation may also be observed — in its ultimate form
recognised as mesangiocapillary or membranoproliferative nephritis. This pattern of injury
may also be observed in the absence of immune complexes in the case of shear stress due
to malignant hypertension, or thrombotic microangiopathy in SLE-associated antiphospho-
lipid syndrome.The subendothelial pattern of injury is generally accompanied by a marked
decrease in GFR, haematuria, and mild to moderate proteinuria.’" In contrast, subepithelial
deposits, secluded from inflammatory cells by the barrier formed by the glomerular base-
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ment membrane, tend to produce a non-inflammatory form of complement-mediated
podocyte injury that manifests mainly with (nephrotic-range) proteinuria.”®?'

The detection of immune deposits by immunofluorescence at various glomerular locations
as well as along tubular basement membranes and in vascular walls forms an essential
diagnostic test in LN. The immune deposits predominantly contain polyclonal IgG, as well
as C3,and in most instances Clg. A hallmark finding is the so-called “full house” staining
pattern by immunofluorescence, defined as concurrent positivity for IgA, IgG, and IgM, as
well as the complement components C3 and Clq.”' The finding of this pattern is the result
of nonspecific activation of autoreactive B cells resulting in the formation of autoantibodies
with many specificities, as well as the activation of multiple pathways of complement.The
immune deposits may also be detected by electron microscopy, giving an electron-dense
appearance varying in size and distribution.

Figure 2 Localisations of immune complexes in the glomerulus in lupus nephritis.
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Sequelae of immune complex-mediated injury in the kidney

Damage to renal parenchymal cells triggers healing responses that contribute to renal
pathology. Focal necrosis in the glomerular tuft may be followed by migration of parie-
tal epithelial cells towards the visceral epithelial cells forming cellular bridges and their
subsequent production of extracellular matrix, contributing to focal segmental glome-
rulosclerosis, which may eventually progress to global glomerulosclerosis.” In addition,
cellular crescent formation may also result from activation of parietal epithelial cells that
fill Bowman's space by proliferation.? This process can be triggered by breaks in the
glomerular basement membrane that allow plasma to leak into Bowman's space.” In later
stages, the parietal epithelial cells initiate a process of extensive matrix production, creating
a "honeycomb” matrix in Bowman'’s space that turns cellular crescents into fibrocellular
crescents and eventually fibrous crescents and glomerulosclerosis.

Histopathologic classification of LN

Since the introduction of the renal biopsy in the 1950s, a number of efforts have been
made to classify LN based on the knowledge about immune complex-mediated pathoge-
nesis and evidence indicating the clinical significance of various lesions. A histopathologic
classification serves to implement the histopathologic diagnosis with prognostic infor-
mation in clinical practice, as well as providing a means for communication between
pathologists and clinicians and allowing risk stratification of patients included in clinical
intervention studies. Following the World Health Organisation (WHO) classifications,?®*”
the International Society of Nephrology and Renal Pathology Society (ISN/RPS) working
group construed a new classification of LN in 2003, which has presently gained world-wide
acceptance.” The ISN/RPS 2003 classification of LN categorises the spectrum of lesions
occurring in LN into discrete entities, consisting of six classes based on a mesangial (clas-
ses I/Il), proliferative (classes Ill/IV), membranous (class V), or a globally sclerotic (class VI)
pattern of injury (Table 3).

Treatment and prognosis

LN is associated with considerable morbidity and mortality. The cumulative 5-year survival
of LN has improved from 50% in the 1960s to 80% in the 1990s, reflecting the implementa-
tion of immunosuppressive therapy.”® Even though immunosuppressive treatment is clearly
beneficial for some patients with LN, patients eligible for such therapy should be selected
with great caution due to severe and potentially lethal adverse effects.”> Many clinical trials
on therapy in LN have been published over the past 40 years. The conclusions from these
trials have been incorporated in a set of currently employed national and international
treatment guidelines for LN.”'% Because of a poor correlation between clinical and biopsy
findings,'®" 1% and because early diagnosis and treatment have been shown to improve
outcomes in LN,'%1% the threshold for a renal biopsy is set relatively low. Thus, the guide-
lines uniformly recommend a renal biopsy in patients with SLE and any suspicion of renal
involvement. Specifically, this is meant to indicate a decrease in renal function, reproducible
proteinuria (>500 mg/24h), and/or the presence of an active urinary sediment. Importantly,
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guidelines base therapeutic decisions in LN solely on the histopathologic diagnosis of LN
class according to the ISN/RPS classification.”

Table 3 ISN/RPS 2003 classification of lupus nephritis.”

Class |

Class Il

Class Il

Class IV

ClassV

Class VI

Minimal mesangial LN

Normal glomeruli by light microscopy, but mesangial immune deposits by immunofluorescence

Mesangial proliferative LN
Purely mesangial hypercellularity of any degree or mesangial matrix expansion by light microscopy, with
mesangial immune deposits

A few isolated subepithelial or subendothelial deposits may be visible by immunofluorescence or
electron microscopy, but not by light microscopy

Focal proliferative LN

Active or inactive focal, segmental or global endo- or extracapillary glomerulonephritis involving <50% of
all glomeruli, typically with focal subendothelial immune deposits, with or without mesangial alterations
Diffuse proliferative LN

Active or inactive diffuse, segmental or global endo- or extracapillary glomerulonephritis involving

>50% of all glomeruli, typically with diffuse subendothelial immune deposits, with or without mesangial
alterations. This class is divided into diffuse segmental (IV-S) LN when >50% of the involved glomeruli
have segmental lesions, and diffuse global (IV-G) LN when >50% of the involved glomeruli have global

lesions. Segmental is defined as a glomerular lesion that involves less than half of the glomerular tuft. This
class includes cases with diffuse wire loop deposits but with little or no glomerular proliferation.

Membranous LN

Global or segmental subepithelial immune deposits or their morphologic sequelae by light microscopy
and by immunofluorescence or electron microscopy, with or without mesangial alterations

ClassV LN may occur in combination with class Il or IV in which case both will be diagnosed
ClassV LN may show advanced sclerosis
Advanced sclerotic LN

>90% of glomeruli globally sclerosed without residual activity

LN, lupus nephritis.

Treatment for class 11

Due to lack of evidence, guidelines for LN are inconsistent with regard to therapy for
class Il LN.'® There is consensus that proteinuria should be controlled with renin-an-
giotensin-aldosterone system (RAAS) inhibitors. As to immunosuppressive therapy, it is
generally accepted that class Il LN does not require such therapy, although corticosteroids
may be indicated in patients with proteinuria over | g/24h, particularly in the presence of
glomerular haematuria.””

Treatment for classes 111 and 1V
Based on evidence from a number of landmark randomised controlled trials (RCTs), tre-
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atment guidelines for LN uniformly recommend immunosuppressive therapy for patients
with class lll or [V LN.'® A series of RCTs in the 1970s indicated that long-term use of
a combination of corticosteroids and high-dose intravenous cyclophosphamide (0.5—1
g/m? monthly for 6 months) was superior to steroids alone to prevent renal impair-
ment.''*!"'2 Based on this finding, the so-called “NIH regimen” became the standard of
care for induction of remission of classes Ill and IV LN for two decades, despite its many
side effects including a high rate of severe infections and premature ovarian failure. More
recently, two different approaches for induction of remission of classes Ill and IV LN have
been investigated. First, the “Euro-Lupus” regimen was proposed to potentially decrease
the burden of cytoxic immunosuppression by lowering doses of intravenous cyclophosp-
hamide for induction of remission (500 mg fortnightly for 3 months). In the Euro-Lupus
trial, this regimen was shown to achieve results comparable with high-dose intravenous
cyclophosphamide.''* Second, mycophenolate mofetil (MMF) was shown to be at least as
efficacious as intravenous cyclophosphamide to induce a satisfactory renal remission at 6
months in several studies,''*''> with the advantage that this drug conveys a lower risk of
premature ovarian failure.''® On account of these studies, current guidelines recommend
intravenous cyclophosphamide (either Euro-Lupus or NIH regimen) or MMF (23 g total
daily dose) in combination with oral corticosteroids with or without three pulses of intra-
venous methylprednisolone at the start of induction treatment. In the maintenance phase
of treatment, MMF (1-2 g/day) or azathioprine (1.5-2.5 mg/kg/day) is recommended,
supported by low-dose oral corticosteroids.”'%

Treatment for class V'

Immunosuppressive treatment for class V LN is generally not recommended, unless a
patient has nephrotic-range proteinuria (>3 g/24h).'” With sub-nephrotic proteinuria,
anti-proteinuric treatment with RAAS inhibitors is indicated. Evidence on the efficacy
of immunosuppressive treatment for classV LN is limited; therefore the recommended
management of classV LN differs between guidelines.”*'% However, there is an agreement
that corticosteroids should be included in the immunosuppressive regimen for patients
with nephrotic-range proteinuria. In addition, MMF73 190191193 cyclophosphamide,'©" '3
azathioprine,'®" 1% rituximab,'®"'% or calcineurin inhibitors'®"'% are generally advised.
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Neuropsychiatric lupus

Neuropsychiatric involvement in SLE (NP-SLE) is observed in 10-80% of patients.!”'2!
The manifestations of NP-SLE represent a spectrum of disorders, both with focal and
diffuse symptoms. Although headache and mood disorders are the most frequent neuro-
psychiatric complaints in patients with SLE, seizure disorder; cerebrovascular disease, acute
confusional state, and neuropathy are the most common neuropsychiatric syndromes attri-
buted to SLE. A major difficulty in the diagnosis of NP-SLE is the lack of clear diagnostic
definitions, which is caused by a lack of pathognomonic features, inadequacy of diagnostic
tools, and a vast heterogeneity of clinical disorders. In contrast to LN, where knowledge
about pathogenic mechanisms is central in establishing a tissue diagnosis and conjoint
prognosis, little is known about the pathogenesis of NP-SLE. Due to the impracticability
of performing a brain biopsy, histopathologic studies elucidating pathogenic mechanisms
are limited and a tissue diagnosis is generally not possible. Therefore, the clinical diagnosis
of NP-SLE is founded on clinical and neuropsychological assessment, aided by laboratory
analyses of blood and cerebrospinal fluid (to exclude central nervous system infection),
electroencephalographic analysis (to diagnose a seizure disorder), nerve conduction studies
(to diagnose peripheral neuropathy) and magnetic resonance imaging (MRI).'?2 MRl is a
central tool in the diagnosis of NP-SLE-related injury, since this modality has the capacity to
identify brain infarctions as well as confounding disorders such as space-occupying lesions,
infectious meningitis or brain abscesses. Unfortunately, there is not one MRI finding or
pattern that is diagnostic or specific for NP-SLE. In the presence of clinical symptoms, MR
often shows no abnormalities or unspecific abnormalities such as small white matter hype-
rintensities,'” known as the clinicoradiological paradox. Furthermore, MRl alone cannot
distinguish between thromboembolic and inflammatory insults in many patients.'**

In 1999 “The ACR Nomenclature and Case Definitions for Neuropsychiatric Lupus Syn-
dromes” was published, serving as a guide for clinicians and researchers to identify individual
NP-SLE disorders (Table 4).'% Because NP-SLE remains a condition that is diagnosed per
exclusionem, the ACR nomenclature also defines several conditions that must be excluded
before it can be established that a neuropsychiatric manifestation is the result of the disease
itself (primary NP-SLE). Possibly 40% of all neuropsychiatric disorders in SLE patients are
the consequence of secondary conditions related to SLE, such as metabolic disturbances
attributed to LN, hypertension, and side effects of medications (secondary NP-SLE).
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Table 4 Neuropsychiatric syndromes that may occur in SLE as defined by the ACR.'®

Central nervous system Peripheral nervous system

|. Aseptic meningitis I 3. Guillain-Barré syndrome

2. Cerebrovascular disease 14. Autonomic disorder

3. Demyelinating syndrome I'5. Mononeuropathy single/multiplex
4. Headache |6, Myasthenia gravis

5.Movement disorder (chorea) | 7. Cranial neuropathy

6. Myelopathy I8. Plexopathy

7. Seizure disorders 19. Polyneuropathy

8. Acute confusional state
9. Anxiety disorder
10. Cognitive dysfunction
I'1.Mood disorder

12. Psychosis

The brain as a site of injury in SLE

The brain represents a unique environment in the study of immune complex-mediated
injury in SLE.'? Since the brain has limited capacity for repair and regeneration of neurons,
the immunologic barrier in the brain helps to minimise damage. This immunologic barrier is
referred to as the blood-brain barrier; and consists of polarised endothelial cells connected
by tight junctions, further supported by foot processes of astrocytes (Figure 3).This barrier
prevents entry of cells and macromolecules including immunoglobulins into the central
nervous system. Under normal circumstances, there is little T cell trafficking into the central
nervous system and negligible production of antibodies by B cells in the brain. The attenua-
ted cellular response in the brain limits harmless bystander injury of neurologic tissue that
would occur during a regular immune response. Studies on the pathogenic mechanisms
contributing to tissue injury in NP-SLE in this unique immunologic environment are limited.

Figure 3 The blood-brain barrier.
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On the basis of neuropathological findings in a subset of patients with NP-SLE, neuropsy-
chiatric involvement in SLE seems to be characterised by a vascular, thrombo-ischemic
pathogenic mechanism. Microvascular occlusions with hyaline or platelet microthrombi,
microinfarctions and small vessel vasculopathy are the most common findings in all neuro-
pathological studies that have been performed to date.'”” '*® Particularly vasculopathy
appears to be a very common finding in NP-SLE, defined as endothelial proliferation,
hyalinisation, and thickening of the vessel wall. The alterations in the blood vessel wall
recognised as vasculopathy are not accompanied by inflammatory cells in the vessel wall,
and therefore cannot be classified as vasculitis. Less commonly, macroscopic infarction or
haemorrhage may be observed, the former occasionally due to an embolism from Lib-
man-Sacks endocarditis, or due to the consequences of antiphospholipid antibodies. Unlike
these destructive macrovascular changes, the microvascular changes are poorly correlated
with central nervous system disease, and these changes may be very prominent in cases
with minimal or no neurologic symptoms.'?” Intriguingly, true vasculitis appeared to be a
rare finding in NP-SLE in various studies.'” '*® The pathophysiology of the widespread
microvascular injury in NP-SLE is unknown. Clinical syndromes thought to be related to
thromboischemic pathology include stroke and cognitive dysfunction.'*!

In apparent contrast with the thromboischemic pathogenic mechanism just described, a
mechanism involving inflammation and neurotoxic autoantibodies has also been implicated
in NP-SLE. A number of reports have noted immunologic abnormalities including elevated
levels of anti-dsDNA antibodies, oligoclonal banding, immune complexes, interleukin-6,
and markers of B-cell activation in the cerebrospinal fluid of patients with NP-SLE."**
13 Moreover; a number of autoantibodies have been associated with different aspects
of NP-SLE. To date, || autoantibodies directed to intrinsic brain components and nine
autoantibodies that are also found in general SLE populations have been described in
NP-SLE.'*> However, none of these autoantibodies appear to be specific for any NP-SLE
manifestation. Clinical syndromes that are presumed to relate to inflammatory autoim-
mune pathology are diffuse neuropsychiatric manifestations including psychosis and acute
confusional state.'”!

Immune complex deposition in the small cerebral vessels of SLE patients has never been
demonstrated. Since complement-mediated injury is a key event in many of the other
organ manifestations of SLE, this mechanism could play a similar role in NP-SLE. In the
setting of NP-SLE, one hypothesis is that circulating immune complexes may activate
complement via binding of Clqg and activation of the classical pathway. Studies have
identified a number of possible mechanisms that may contribute to subsequent tissue
injury in the brain. For instance, C5a can induce heparin-sulphate release from endothelial
cell membranes, promoting endothelial proliferation and upregulation of e-selectin and
vascular cell adhesion molecule (VCAM).'*¢ Also, the complement system, closely related
to the coagulation cascade, may mediate secretion of von Willebrand factor and Tissue
Factor expression in response to C5b-9-induced endothelial injury creating a procoagulant
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state.'*” 1% Studies in mice suggest that complement may also amplify thromboischemic
damage: in neonatal mice, the infarcted area after clipping of a cerebral artery was over
three times smaller in Clg-deficient mice compared with wild type mice.'® In this thesis,
the relationship between complement and thromboischemic injury NP-SLE was explored
further

Treatment and prognosis

A major difficulty in the treatment of NP-SLE is the unavailability of targeted therapy due
to the uncertainty about pathogenic mechanisms. Treatment involves the management of
comorbidities contributing to the neuropsychiatric event, controlling of symptoms, as well
as more specific interventions including immunosuppressive and anticoagulation therapy.
Corticosteroids and cytotoxic immunosuppressive therapy are indicated when NP-SLE is
thought to reflect an inflammatory process (optic neuritis, transverse myelitis, peripheral
neuropathy, refractory seizures, psychosis, and acute confusional state) and in the presence
of generalised SLE activity. Antiplatelet/anticoagulation therapy is indicated when manifes-
tations are related to antiphospholipid antibodies, particularly thrombotic cardiovascular
disease.'” The differentiation between an inflammatory or underlying thromboischemic
pathogenic mechanism may not be feasible and in some patients both mechanisms may
be operant.

The reported prognosis of NP-SLE is highly variable: several studies have documented an

increased mortality in patients with NP-SLE compared to SLE without neuropsychiatric
symptoms,?® %142 whereas others have not!20: 14144

34



General Introduction and Outline

PART 3: THIS THESIS

The interpretation of Hippocrates' quote in the prologue of this thesis in the setting of
SLE uncovers a number of challenges faced by the physician when treating SLE patients.
First, “telling the antecedents” and "knowing the present” in SLE — essentially making a
diagnosis based on common aetiology, pathogenesis, or symptoms — is challenged by
the multifactorial aetiology, the multiple routes of pathogenesis, and the vast diversity of
clinical manifestations of this disease. Second, foretelling the future” may be challenged by
the same factors complicating diagnosis. As became clear in this introduction, knowledge
about pathogenic mechanisms plays a crucial role in the diagnosis and prognosis of SLE.
Two contrasting examples with regard to such knowledge — LN and NP-SLE — clearly
demonstrate this. In LN, the pathogenesis of immune complex deposition is relatively well
studied and forms the basis of tissue diagnosis, prognosis, and treatment decisions. In con-
trast, the pathogenesis of NP-SLE is poorly studied, and diagnostic tools, prognostic, and
therapeutic indicators are relatively limited. Also, clinical heterogeneity between patients
may greatly affect outcomes, and thereby complicate the ability to estimate the prognosis
for an individual patient. Third, the objectives “to do good or to do no harm’ reflect the
ever-challenging trade-off between therapeutic benefits of intensive immunosuppressive
therapy for life-threatening manifestations of SLE, and the concurrently harmful and pos-
sibly life-threatening adverse effects of these therapies. In this thesis, a number of these
challenges were investigated.

In the first part of this thesis, challenges in diagnosing SLE were investigated in the setting
of patients with nephritis showing full house glomerular immune deposits. The full house
pattern by immunofluorescence is regarded as very characteristic of SLE, and it is unknown
whether this finding in a patient with absent systemic signs or symptoms of SLE warrants
its clinical distinction from LN and SLE. In chapter 2, the SLICC classification criteria were
validated in a cohort of patients with full house glomerular immune deposits, aiming to
resolve whether SLE classification criteria may be applied to patients from the nephrology
clinic with renal involvement suggestive of LN. Chapter 3 is focused on the distinction
between patients with lupus-like renal involvement with full house glomerular deposits in
the setting of clinically confirmed LN (lupus full house nephropathy) and such patients who
do not have SLE (non-lupus full house nephropathy). In this chapter; a special focus lies on
the clinical, histopathologic,and prognostic differentiation between lupus and non-lupus full
house nephropathy, aiming to clarify whether lupus and non-lupus full house nephropathy
should be regarded as clinically distinct entities.

In the second part of this thesis, the aforementioned challenges were investigated
in two of the most life threatening visceral manifestations of SLE: LN and NP-SLE. In
chapter 4, patients with class Il and IV LN were investigated who did not receive cytotoxic
immunosuppression. In this study, the natural history of classes Ill and [V LN was assessed,
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aiming to identify a subgroup of patients with a favourable prognosis eligible for treatment
without cytotoxic immunosuppression. In chapter 5,the goal was to advance patient-tailo-
red care for patients with LN by means of the evidence-based identification of clinical and
histopathologic prognostic indicators of renal outcome in classes -V LN. In the setting of
NP-SLE, complement activation as a pathogenic mechanism was investigated to provide
a possible link between thromboischemic injury in NP-SLE and autoantibody-mediated
injury characteristic of SLE. In chapter 6, the presence of classical complement deposition
in cerebral tissue of patients with SLE was examined, and the association between com-
plement and thromboischemic cerebral injury was assessed.

In the third part of this thesis, chimerism as a potential aetiologic factor of SLE was studied.
To substantiate ongoing research relating microchimerism to autoimmune disease, the
occurrence of tissue microchimerism during human pregnancy was investigated in chapter 7.
In chapter 8, the origin and amount of microchimerism in peripheral blood of women
with SLE and controls was studied.
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