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General Introduction

Introduction

Systemic lupus erythematosus (SLE) is a potentially devastating autoimmune disease which
can involve practically every organ system. SLE has an overall incidence ranging from 1.6 to
21.9 cases per 100 000 per year and a prevalence ranging from 7.4 to 159.4 cases per 100
000, varying considerably by ancestral group.! SLE affects mostly women of reproductive
age. In contrast, in men, the incidence ranges from 0.14 to 2.5 cases per 100 000 per
year and the prevalence from 0 to 52 cases per 100 000.? Up to 20% of all cases begin in
childhood. The female predominance is not as outspoken in childhood-onset SLE as it is in
adult-onset SLE.? Patients with childhood-onset SLE are more likely to have neurologic and
renal involvement than patients with adult-onset SLE, and to accrue more renal damage.*
Renal and neurological involvement are both considered to be severe manifestations of
the disease. Approximately 20 to 60% of SLE patients develop renal involvement in the
course of their disease® with the highest risk of renal disease and renal failure in young
black women.®” Lupus nephritis (LN) is associated with considerable morbidity and poor
survival, in particular in patients who develop end-stage renal disease (ESRD) and require
renal replacement therapy.

The diagnosis, treatment, and pathogenesis of SLE are intricately linked. The diagnosis of SLE
can be difficult because of the many different faces of the disease. These many faces are also
present within one of the disease manifestations: LN. The histological picture of LN varies
greatly, but a correct diagnosis of the type of LN is essential for the choice of treatment. The
question also is if different classes of LN have a different pathogenesis, or if they are part of
the same spectrum. Familial LN often presents at an early age and appears more severe than
sporadic LN. There may be an underlying difference in pathogenesis and possibly genetics
between familial and sporadic LN, which can be used in studying the pathogenesis of LN.
Further insight into the pathogenesis of SLE and LN may lead to new targets for therapy in
the future.

Diagnosis

SLE

SLE can involve practically all organ systems. Therefore, patients can present with a wide
range of symptoms. Not all symptoms are necessarily present at the same time. These
factors can make diagnosing SLE complex. The first classification criteria were published by

Cohen et al. in 1971.2 The presence of four of 14 criteria was required to classify a patient as
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CHAPTER 1

having SLE. During the following decades new insights led to revisions by the Diagnostic and
Therapeutic Criteria Committee of the American College of Rheumatology (ACR) in 1982° and
1997.% For the purpose of identifying patients in clinical studies, a patient was considered
to have SLE if any four of 11 criteria were present, serially or simultaneously, during any
interval of observation. These 11 criteria were a malar rash, discoid rash, photosensitivity,
oral ulcers, arthritis, serositis, renal disorder, neurologic disorder, haematological disorder,
immunological disorder and an abnormal anti-nuclear antibody (ANA) titer. Recently,
the Systemic Lupus International Collaborating Clinics (SLICC) classification criteria were
introduced, which were validated in a cohort of 690 patient scenarios including control
patients with RA, undifferentiated connective tissue disease, primary antiphospholipid
syndrome, vasculitis, chronic cutaneous lupus erythematosus, scleroderma, Sjogren’s
syndrome, myositis, psoriasis, fibromyalgia, alopecia areata, and sarcoidosis. ** In the SLICC
system, the criteria have been distributed over 11 clinical and six immunological criteria. In
order to classify a patient with SLE, at least four criteria with at least one clinical and one
immunological criterion must be present. Also, biopsy-proven nephritis compatible with SLE

in the presence of ANAs or anti-dsDNA antibodies will also classify the patient as having SLE.

Lupus nephritis

The renal biopsy plays an important role in the management of patients with SLE. Renal
manifestations may be the first sign of SLE and the renal biopsy may then aid in diagnosing
the patient. Furthermore, in both these newly diagnosed patients and patients already
diagnosed with SLE, the renal biopsy is instrumental in determining the type and extent of

LN, as this cannot be accurately assessed on the basis of clinical manifestations.

Electron microscopy

Instrumental in the pathology of LN are immune deposits. These immune deposits can be
visualized with immunofluorescence techniques (discussed below) and electron microscopy
(EM). On EM, immune deposits are electron dense and can be present in the mesangium,
subendothelially, intramembranous and subepithelially. Often in LN, immune deposits are
found at more than one of these locations (Figure 1, panel A, Cand D). The size and frequency
of these deposits are extremely variable, ranging from sparse and small to abundant and
large. Immune deposits are not restricted to the glomerulus and can be present along
tubular basement membranes and in vessels. Another feature that may be seen by EM is the

presence of tubuloreticular inclusions, which are mostly found in endothelial cells (Figure 1,
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General Introduction

Figure 1. Examples of lesions in lupus nephritis, as seen by electron microscopy

(A) Extensive mesangial electron dense deposits. (B) Tubuloreticular inclusion in an endothelial cell. (C) and (D)
Electron dense deposits at both subendothelial and subepithelial locations. This is accompanied by foot process
effacement and microvillous transformation.

panel B). Although they are often present, they are not specific for SLE and may be seen in
patients with HIV, other collagen-vascular diseases, renal allografts®? and even a few healthy
individuals. Finally, particularly in patients with subepithelial deposits, changes to the
podocyte foot processes can be observed. These changes include foot process effacement,

condensation of the cytoskeletal microfilaments and microvillous transformation.

Histology

LN has many different histological features which correspond to the location of the immune
deposits seen on EM. These deposits can be visualized by EM, and by immunofluorescence
techniques. In contrast to EM, immunofluorescence allows for the determination of the
type of immune deposit (IgA, 1gG, 1gM antibodies) and of the presence of components of
the complement system (C1q, C3). Often IgA, 1gG, IgM, Clq and C3 are all present, which is
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commonly referred to as a “full house” pattern. This pattern is highly suggestive of LN, but
not completely specific as other renal diseases may occasionally show a full house pattern.®
For assessing a biopsy with light microscopy, multiple special stains are used. Apart from
the regular haematoxylin and eosin staining (H&E), special stains are used such as the Jones
methenamine silver stain, the periodic acid-Schiff (PAS) stain and trichrome stain. The
patterns of injury in LN can be divided into three groups. These patterns are not mutually

exclusive and can occur together.

Mesangial pattern
In this pattern there is hypercellularity of the mesangium and accumulation of matrix due to

the mesangial presence of immune complexes (Figure 2, panel A).

Endothelial pattern

A wide variety of lesions may be seen within this pattern. The most common feature is
endocapillary hypercellularity, which causes a luminal reduction of the capillary loops
(Figure 2, panel C). This endocapillary hypercellularity has two components which may vary
in its contribution: endothelial cell swelling and leukocyte influx. Another feature is fibrinoid
necrosis.' This is often accompanied by extracapillary hypercellularity, so called crescents,
because there is destruction of the capillary walls causing the capillary contents to leak
into Bowman’s space. This elicits an inflammatory response and proliferation of visceral
and parietal epithelial cells. Crescents may also occur without fibrinoid necrosis (Figure 2,
panel D). Wire loops, the light microscopical counterpart of large amounts of subendothelial
immune complex deposits, can be a focal or diffuse phenomenon (Figure 2, panel B).
Furthermore, a membranoproliferative pattern may occur showing cellular interposition of
mesangial cells along capillary walls and duplication of the glomerular basement membrane.

Finally, karyorrhexis and hyaline thrombi may be observed.

Epithelial pattern

When immune complexes accumulate on the subepithelial side of the glomerular basement
membrane, new glomerular basement membrane is formed around these deposits. Because the
glomerular basement membrane is black on silver stain, this newly formed basement membrane
can be seen as black spikes along the outer aspect of the capillary walls (Figure 2, panels E and F).
If this new glomerular basement membrane has not yet been formed, light microscopy may be

normal with deposits visible only by immunofluorescence and electron microscopy.
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Figure 2. Examples of lesions in lupus nephritis, as seen by light microscopy

(A) Mostly mesangial hypercellularity and expansion with focal endocapillary hypercellularity (PAS stain). (B)
Diffuse wire loops with mild endocapillary hypercellularity (silver stain). (C) Endocapillary hypercellularity with
endothelial cell swelling and influx of inflammatory cells (silver stain). (D) Cellular crescent (silver stain). (E) and
(F) Spikes along the outer aspect of the capillary walls (silver stain).
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Table 1. Abbreviated ISN/RPS classification system of lupus nephritis (adapted from Weening, JASN/
Kidney International, 20041 16)

| Minimal mesangial lupus nephritis
I Mesangial proliferative lupus nephritis
I Focal lupus nephritis®

\Y, Diffuse segmental (IV-S) or diffuse global (IV-G) lupus nephritis®
vV Membranous lupus nephritisb
VI Advanced sclerosing lupus nephritis

2 Indicate proportion of glomeruli with active lesions, chronic lesions, fibrinoid necrosis and (cellular) crescents.
® Class V may occur in combination with class Il or IV, in which case both will be diagnosed.
Indicate and grade (mild, moderate, severe) tubular atrophy, interstitial inflammation and fibrosis, arteriosclerosis
or other vascular lesions.

Classification

When a diagnosis of LN has been made, the biopsy findings need to be classified according
to the International Society of Nephrology/Renal Pathology Society (ISN/RPS) classification
system from 2004.%5 % |t is imperative that a biopsy is classified correctly as the class will
guide further treatment of the patient. Since its introduction, the classification system has
undergone several revisions and now consists of 6 classes (Table 1).

In class | and Il LN changes are restricted to the mesangium. Both classes show deposits
by immunofluorescence, but only in class Il is there mesangial hypercellularity or
mesangial matrix expansion by light microscopy. In class Il LN there may be a few isolated
subendothelial or subepithelial deposits present by immunofluorescence (or EM) but not
by light microscopy. Class Ill and IV LN show light microscopic abnormalities as described
above under the endothelial pattern of injury. The distinction between class Ill and IV LN lies
in the percentage of glomeruli involved with <50% being classified as class Il and >50% as
class IV. In both of these classes it should be indicated if there are either only active lesions
(A), both active and chronic lesions (A/C), or only chronic lesions (C), although the latter is a
rare event. Class IV LN is further subdivided into class IV-S and IV-G depending on whether
the majority of involved glomeruli have segmental (IV-S) or global (IV-G) involvement, where
segmental is defined as less than half of the glomerular tuft and global as more than half of
the tuft. In class V there are subepithelial deposits by immunofluorescence (and EM), and
possibly also by light microscopy. In class V LN any degree of mesangial hypercellularity may
occur. When class Ill/class IV lesions coexist with class V lesions, the classification should

consist of a combination of two classes, but only if the membranous component involves

16



General Introduction

more than 50% of the tuft in more than 50% of glomeruli. Finally, class VI LN is designated
when 290% of glomeruli show global glomerulosclerosis, but only if there is clinical or
pathological evidence that the sclerosis is attributable to LN. Furthermore, there should be
no evidence of active nephritis. In addition to the class the pathology report should include

details on tubulointerstitial and vascular lesions.

Treatment

After a diagnosis of SLE has been made, a treatment strategy can be devised. The treatment
strategy depends on which organs are involved and to what extent. In the kidney, the class

of LN plays a central role in the choice of treatment.

SLE

Treatment of SLE, without major organ involvement, consists of glucocorticoids,
antimalarials (hydroxychloroquine), non-steroid anti-inflammatory drugs and, in severe,
refractory cases, immunosuppressive agents. SLE patients may be at increased risk for
several co-morbidities, including treatment-related morbidity. These include (urinary-tract)
infections, hypertension, dyslipidaemia, diabetes mellitus, atherosclerosis, coronary heart
disease, osteoporosis, avascular bone necrosis and certain types of cancer. Although there is
no evidence that screening for co-morbidities will improve outcome, a high index of suspicion
and diligent follow-up is recommended. Apart from treatment of these co-morbidities,
when appropriate, preventive strategies may be considered such as low-dose aspirin in
adult patients receiving glucocorticoids, in patients with anti-phospholipid antibodies, and

in patients with at least one traditional risk factor for atherosclerotic disease.’

Lupus nephritis

ClasslllandclassIVLN,andundercertaincircumstancesclassVLN, requireaggressivetreatment.
Corticosteroids were the first available treatment for LN, and have since been an integral part
of treatment. Treatment is comprised of two phases; induction and maintenance. The aim of
thefirstistoachieve ameaningful renalresponse. The goal of maintenanceisto consolidate the
renalresponse and preventrenalflares. Intheeightiesand nineties of the previous century, NIH
(National Institute of Health) studies demonstrated the added benefit of cyclophosphamide
in the induction phase.’®? Cyclophosphamide is an alkylating agent thereby interfering in

DNA replication. Later, mycophenolate mofetil (MMF) was shown to be equally effective.?*
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Figure 3. Targeted biological agents available and in present or previous clinical trials of systemic
lupus erythematosus (reprinted from Murphy, Lancet, 201322, with permission from Elsevier)

The biological agents available all interact with the immune system. Some by immune stimulation through
interferon a, others by targeting cytokines affecting antigen presenting cells. T cells interactions with antigen
presenting cells and with B cells are also targeted, as well as the B cells and produces antibodies. Only
belimumab (anti-BLyS) has so far been proven effective in SLE.

pDC, plasmacytoid dendritic cell; BLyS, B-lymphocyte stimulator; TNFa, tumor necrosis factor o; APC, antigen-
presenting cell.

In the maintenance phase, treatment consists of either azathioprine, or MMF. MMF and
azathioprine both inhibit purine synthesis, albeit by a different mechanism. Purine synthesis
is important in the proliferation of B and T cells. In both the induction and maintenance
phase, corticosteroids remain the backbone of treatment, although a phase 3 open-label
multicenter investigator-led clinical trial (RITUXILUP, NCT01773616) is currently investigating
a treatment strategy without steroids.

Most of the above mentioned drugs have serious possible side effects necessitating the
search for effective drugs with less (severe) side effects. As more becomes known about
the pathways involved in the pathogenesis of SLE and LN (discussed later), more targeted
approaches are being developed (Figure 3).?2?% For LN these drugs have not yet been proven
effective. For the treatment of systemic disease belimumab, an anti-BLyS (B-lymphocyte
stimulator) antibody, has been proven to be effective and is now registered for treatment of

the disease.?*?®

Pathogenesis

As discussed above, SLE may have many faces clinically. This complicates research into the

pathogenesis of this complex and multifactorial disease even further. Although there are
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Figure 4. Factors involved in the pathogenesis of systemic lupus erythematosus (reproduced with
permission from Tsokos, NEJM, 2011%°, Copyright Massachusetts Medical Society)

still many unknowns concerning the pathogenesis of the disease, substantial progress has
been made in the last decades.

SLE

A multifactorial disease

Many factors contribute to the development of SLE, including (epi)genetic, environmental,
hormonal and immunoregulatory factors (Figure 4).2

Genetic susceptibility to SLE is inherited as a complex trait, but the genetic contribution
is thought to be significant in the etiology of SLE. Disease concordance in SLE is higher in
monozygotic (25-50%) than in dizygotic twins (2%) and there is a high sibling risk ratio (As)

of 20-29.2628 Although some single disease-causing mutations have been described, such as
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in DNASE1, these are only the cause of disease in rare cases.? Initial studies used linkage
analysis in multiplex families to identify candidate genes. More recently, multiple genome
wide association studies were performed in European-derived and Asian populations
identifying multiple SLE susceptibility alleles.>*3# Meta-analyses and large replication studies
have expanded these further. Although some of these loci are located in coding sequences,
many reside in non-coding regions. The HLA-region holds a prominent position within
these susceptibility loci. The non-HLA SLE-associated genes play a role in multiple biological
pathways: dendritic cell function and IFN signaling, T and B cell function and signaling,
immune complex processing and innate immunity, transcriptional regulation, and cell cycle,
apoptosis and cellular metabolism.3® Despite all the advances made in the last decade, only
a small proportion of the heritability is explained by these susceptibility loci.
Environmental factors also seem to play a role in pathogenesis. Epigenetic changes such
as DNA hypomethylation have been attributed to medications known to cause SLE.
Furthermore, epidemiologic studies have implicated smoking and exposure to ultraviolet
light as risk factors. Finally, there is evidence to suggest that viruses may trigger SLE.>®

The strong female predominance in SLE has led to research into hormonal influences.
Although they contribute to the pathogenesis of SLE, the mechanisms involved are
unknown. Data from animal studies suggests that the X chromosome may also contribute
independently from hormones. Furthermore, CD40 is among the genes known to contribute
to SLE and this gene is located on the X chromosome.>®

Multiple abnormalities have been demonstrated in antigen presenting cells, and T and B
cell signaling and function in SLE (for review, see Konya et al.,*° Bird et al.** and Orme et
al.*?). Neutrophils have received much attention, particularly since the discovery of NETosis
(formation of neutrophil extracellular traps, or NETs). NETosis has been described as a novel
mechanism of cell death in which the neutrophils extrude their chromatin to trap and
inactivate pathogens. NET formation appears to be enhanced in SLE leading to an increased
exposure to autoantigens and increased production of IFN-a by plasmacytoid dendritic cells
(for review, see Smith et al.?®).

Autoantibodies against nuclear antigens are the hallmark of SLE. These antibodies are
produced by autoreactive B cells (plasma cells) and may, along with immune complexes,
autoreactive or inflammatory T cells and inflammatory cytokines, initiate and amplify
organ damage. The factors described above are probably all involved in the production of
these antibodies, but the question remains: why are these mainly directed towards nuclear

antigens? The source of chromatin, the main auto-antigen in SLE, is most likely apoptotic
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and/or necrotic cells, including NETs. Apoptosis, necrosis and NETosis explain how normally
inaccessible autoantigens can be released and subsequently become exposed to the
immune system. The autoantigens can be modified during apoptosis, possibly facilitating
the breach of tolerance. In addition, impaired removal may lead to the accumulation of
apoptotic cells and debris. There is convincing evidence for clearance defects op apoptotic
cells and debris in SLE (for review, see Rekvig et al.**). Possibly, antibodies are not (only)
generated in response to self-DNA and chromatin, but to DNA/chromatin from chimeric
cells, as chimeric cells have been implicated in the pathogenesis of SLE. Before discussing
the role of chimeric cells in SLE, first the definition, sources and techniques for detection of

the chimeric cells are considered.

Microchimerism

Definition

The term ‘chimerism’ originates from Greek mythology. It refers to the Chimaera (Figure
5), which is a monster composed of parts of more than one animal. Homer’s description in
the lliad is the earliest surviving literary reference: “.... an invincible inhuman monster, but

divine in origin. Its front part was a lion, its rear a snake’s tail, and in between a goat. She

breathed deadly rage in searing fire.”*

Figure 5. The “Chimera of Arezzo”, as displayed at the Museo Archeologico Nazionale, Florence, Italy
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In medicine, the term ‘chimaera’ is related to the term ‘mosaicism’, because in human
cytogenetics both connote subjects with cells of two or more chromosomally different
kinds. However, a chimaera “... is an organism whose cells derive from two or more distinct
zygote lineages...”, whereas a mosaic “... is formed of the cells of a single zygote lineage.”*®

Microchimerism (Mc) refers to the presence in an individual of a small number of genetically

distinct cells of any type, originating from a different zygote.

Sources of microchimerism

Transplantation (solid organs*” or bone marrow“®), blood transfusions* and pregnancies®
are possible sources of (micro)chimerism, the latter being the most common. During
pregnancy, fetal cells can enter the maternal circulation leading to fetal Mc (FMc) in the
mother. When maternal cells cross the placental barrier to the fetus, this can lead to
maternal Mc (MMoc). Pregnancies of all terms, including both miscarriages and pregnancies
resulting in (live) birth, may lead to Mc.>**® Also, undetected pregnancies have the potential
to cause FMc, making research into the relationship between pregnancy and long-term
FMc difficult. Several studies investigated the kinetics of Mc during and after pregnancy in
healthy individuals.>**” It was demonstrated that Mc tended to increase with gestational
age and disappeared in the months postpartum. During pregnancy, not only can fetal cells
circulate in the mother, fetal cell-free DNA can be detected in the maternal circulation.>® The
quick disappearance of this fetal cell-free DNA after delivery made it the perfect candidate
for the prenatal detection of genetic defects in the fetus. Prenatal diagnostics are now being
employed to detect trisomy 13, 18 and 21.58 Both FMc*>® and MM(Cc®® have been detected in
peripheral blood multiple decades after birth in healthy individuals.

During blood transfusion, genetically distinct cells are introduced into the host. Initial
studies, however, were not able to demonstrate donor leukocyte survival beyond 6 days.®
62 Interestingly, in a study characterizing the survival kinetics of donor subsets after elective
surgery, it was accidently found that the ‘control group’ of women with blood transfusions
after traumatic injury did have multilineage persistence of male donor leukocytes for 6 months
to 1.5 years after blood transfusion. In the patients with elective surgery, the donor leukocytes
were cleared within 14 days after transfusion.* Follow-up studies have confirmed these
results.®®# Studies in other populations, such as in an HIV-infected population as a paradigm
of an immunosuppressive state,® and sickle cell anaemia® reflecting chronic transfusion risk,
did not show a significant increase in Mc or durability of Mc. Importantly, women receiving

peripartum transfusions for maternal hemorrhage did not show durable Mc.®’
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Solid organ transplantation itself is a form of chimerism because an organ from a different
individual (zygote) is transplanted into the patient. Furthermore, these patients also have
circulating donor Mc in their peripheral blood.®® So far, it is unclear if the presence or level of
Mc in peripheral blood in recipients of solid organ transplantation has an effect on tolerance

induction and graft function.%7°

Detection of microchimerism

The earliest detection of Mc employed karyotyping in metaphase figures in lymphocyte
cultures from peripheral blood samples.*® Later, many studies used in situ hybridisation
for the Y chromosome.>® 7* This was followed by PCR techniques, first the non-quantitative
nested PCR,* and later the quantitative PCR (qPCR).”? Still, mostly the detection of the Y
chromosome was used in women to measure Mc, although HLA genotype disparities were
also sometimes used.®® A drawback of detecting Mc using the Y chromosome is that only
male Mc can be detected. This limits research to women and to FMc. It also means that
in an individual all male cells are indiscriminately analyzed together and other sources of
Mc (maternal, female children, female siblings) are missed. Using HLA disparities allows
for studying MMc and for the detection of Mc in men. However, the presence of Mc is
possibly linked to HLA disparities, making this method less desirable. In 2002, Alizadeh et
al.” described a method using insertion-deletion polymorphisms (indels) for the detection
of chimeric cells. Additional indels were described by Jimenez-Velasco et al.,”* as well as a
number of null alleles. In the latter study a sensitivity of 10° was reached, which is equal to
the sensitivity reached with the detection of the Y-chromosome.”? Maas et al.”> developed
an assay using SNPs, but this assay was less sensitive. Also, it was potentially less specific
than the usage of indels or null alleles to detect Mc because it makes use of only a one base
pair difference. Combining sets of indels and null alleles may reach a high informativity in
differentiating different sources of Mc.

The number of chimeric cells detected in various circumstances is usually very small, ranging
from 1 to up to 400 cells per 10°. Therefore, both sensitivity and specificity are of the utmost
importance. A sensitivity of at least 10 is necessary to study Mc. Differences in sensitivity
and specificity of the techniques used in the field make comparison of the different studies
difficult. This high sensitivity also requires a very clean work flow: while preparing samples
all possible contaminants should be avoided. Also, all experiments require multiple negative

controls.
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Microchimerism in pregnancy

Schmorl et al. first described fetal Mc. He found syncytial aggregates in lungs of women
who died of pre-eclampsia.”® Although women with pre-eclampsia have more syncytial
aggregates in their lungs, these placenta-derived syncytial aggregates have also been shown
in women with normal pregnancies.”” Also, fetal cells were detected in peripheral blood and
various organs during pregnancy.>®”® It is, however, unclear what role these chimeric cells
play in normal pregnancies. Are they an epiphenomenon or do they play a central role in
the immunology of pregnancy? Conversely, it is known that maternal chimeric cells can have
an effect on the immune system of the child; Mold et al. showed that maternal alloantigens

promote the development of tolerogenic fetal regulatory T cells in utero.”

Microchimerism in SLE

SLE mainly affects women and has a peak incidence in the reproductive years.®’ In mice,
injection of parental lymphocytes in their offspring leads to a graft-versus-host response
and a lupus-like disease in selected parent-to-F1 combinations.®! 82 Together, these data
suggest that pregnancy-acquired Mc may be of pathogenic significance in the development
of SLE. Studies investigating Mc in SLE have shown that women with SLE have a significantly
higher prevalence of fetal Y chromosome-positive chimeric cells in tissue than healthy
controls.®2> In two studies, SLE patients were shown to have male FMc in peripheral blood
more frequently than controls.®%” However, other studies showed no differences between
patients and controls.288° Kanold et al. studied MMc in peripheral blood and did not find a
difference between patients and controls.?® However, their sensitivity of detecting chimeric
cells was relatively low.

Kremer Hovinga et al.°* formulated hypotheses regarding the role of Mc in SLE: /) Mc induces
a graft-versus-host reaction; ii) Mc induces a host-versus-graft reaction, either directly or
via cross-reactivity due to molecular mimicry; or iii) chimeric cells repair injured tissue.
The first hypothesis is supported by the data from animal studies described above. From
human studies the evidence is very circumstantial. The host-versus-graft hypothesis has
more support from studies in humans, albeit also circumstantial. Anti-paternal antibodies
have been demonstrated in mothers and have been shown to correlate to the presence of
primed anti-paternal cytotoxic T lymphocytes.® Also, it was demonstrated in SLE patients
that patients with LN had higher levels of Mc than patients without SLE, although overall

disease activity was not correlated with Mc.®° The presence of chimeric progenitor cells in
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SLE patients lends support to the third hypothesis.>® Also in animal studies chimeric cells
were shown to have stem cells phenotypes® and chimeric cells have been demonstrated
in bone marrow and rib sections of women with sons.* Furthermore, Mc was increased in
animal models after injury.®®>% Finally, in kidney biopsies of women with LN, the chimeric

cells were shown to have multiple differentiated phenotypes, such as an endothelial cell.®

Lupus nephritis

The deposition of immune complexes in the kidney is the cause of the renal damage in
LN. Depending on the location of the immune deposits, i.e. mesangial, subendothelial
or subepithelial, different mechanisms leading to renal damage are triggered. These
mechanisms involve activation of the i) classical complement pathway; ii) Fc, Toll-like and
complement receptor activation; jii) local expression of cytokines, chemokines and adhesion
molecules; iv) recruitment of leukocytes with pro-inflammatory effector functions; v)
programmed death of renal parenchymal cells and reparative hyperproliferation; and vi)
insufficient regeneration and scarring.®” Macrophages and dendritic cells may play a role in
the initiation as well as the progression of LN.%%°

It is, however, a question why immune complexes deposit in the kidney in the first place
and what factors influence the location of these immune deposits. Traditionally, it was
believed that immune complex deposition is a passive process. Now, several studies provide
arguments against this notion. Yung et al. demonstrated binding of anti-dsDNA antibodies
to mesangial annexin Il. They also showed that this binding correlated with disease activity,
and that annexin Il colocalized with IgG and C3 deposits in human and murine LN.1 In
murine experimental LN Krishnan et al. demonstrated that only anti-DNA antibodies with
glomerular basement membrane binding capacity were able to activate complement and
induce proteinuria.’®® These studies suggest that cross-reactivities of anti-DNA antibodies
may be responsible for initiating LN. In contrast, Mjelle et al. provide evidence that antibodies
bind to nucleosomal antigens which in turn bind to components of mesangial matrix and
the glomerular basement membrane.®? Finally, failure to dismantle NETs has been shown
to be correlated with kidney involvement in lupus, suggesting that neutrophils undergoing

NETosis in the glomerulus may provide an additional source of nuclear antigens.®
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Thesis outline

Diagnosing LN is the topic of the first two chapters. In chapter 2 an investigation of the
interobserver agreement in the recognition of class Il and class IV LN nephritis is described.
In chapter 3 possible changes to be made to the current classification system of LN in order
to further improve its usefulness and reproducibility are discussed.

In chapter 4 of this thesis the comparison of six treatment guidelines of LN is presented,
determining common ground in the treatment of LN between the guidelines and highlighting
differences. These differences are areas where further research into the optimal treatment
strategy is warranted.

The last three chapters of this thesis will focus on the pathogenesis of SLE, starting with the
role of Mc. In the work described in chapter 5 we investigated if Mc is more prevalent in
peripheral blood of women with SLE than in controls. In the work described in chapter 6 we
aimed to determine if kinetics of Mc during and after pregnancy may be responsible for the
difference we observed between SLE patients and controls. In order to gain further insight
into the pathogenesis of LN, we compared patients with sporadic LN to patients with familial
LN focusing on genetic, clinical, and histopathological aspects, as described in chapter 7.
Finally, in chapter 8 we summarize and discuss the results of the research presented in the

aforementioned chapters.
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