CHAPTER 3

REVIEW LITERATURE

Systemic lupus g une rheumatic disease
characterized by widespue#i@ - Trurina iectingwirtually every organ or system in
the body and the produ . v
DNA antibodies. In somg#Pati : 0'produced against platelets,
lymphocytes, and othe celfulaf ahiie S 1t AS factorial etiology and affects

mainly women during tHe cll ittibutory factors include hormonal,

gally antinuclear and anti-

genetic, and environment G ‘ Sey autoimmune condltlon, it 1s

believed that the presence of sus ﬁ"»’ ;:s';;'.! n a predisposed individual can be

triggered by an initial stimuly f"'-r,w%,',{ﬁ. mental) which enables a certain

critical threshold tol.bé attain: >d. leadin o to the develo ;‘:_-‘_La of clinical features.
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incorporates the perturbz l- on of the immune response.

o B4 T TXTUY (A VoG S

complex array o unolog1cal dlstugbances whic culmmate in thg diverse clinical

feamesqlwm ﬂ@fﬁ; wwwﬁé}@ nimal models

of lupus exist, w ave been used extensively to investigate the immunogenetic

and cellular abnormalities, which are characteristic of human SLE. '



Epidemiology and natural history

Lupus is found worldwide. The prevalence of the disease depends on ethnic
background. The highest prevalence is seen in Asians and Blacks (23, 24). As in other
systemic autoimmune diseases, there is a striking preponderance in women, especially

during childbearing age. This preponderance is related to hormonal status. Animal
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whereas androgens have a suppressive effe portance of estrogens is further
1t _ : omeostasis (e.g., at onset of
puberty, during use of o J ives ] s\ pregnancy and puerperium)
i e 4 N Tuphs o and disease flare up. The

\ \\ of the disease in twins,
\ Certain genes, mainly human

leukocyte antigens (H 10 folagic acteristics of systemic lupus

The marked improvefenfiinsurviva g the past 20 years is probably the
consequence of greater awa ;:f-;j{ o dition, increased availability of

autoantibody testing tos »*more judicious use of steroids
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and other immunosuppfes = "o espread availability of
dialysis and renal traggplantation. It does, however, ain a disease with the

potential to cause considégable morbidity and increased mortality in a subset of
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Classification of SLE

The American Rheumatism Association (now the American College of
Rheumatology, ACR) initially published classification criteria in 1971 (25), which
were revised in 1982(26). A further revision has recently been proposed(27). The
criteria are for the classification of the disease rather than for use as a diagnostic tool,

although in practice there is a blurring of this distinction. The 1997 updated criteria



(28) are outlined in Table 2. For the purpose of identifying patients in clinical studies,
it is determined that a patient has SLE when at least four of these criteria are present,

serially or simultaneously, during any interval of observation(27).
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Table 2: Revised American Rheumatism Association criteria for classification of

systemic lupus erythematosus(27).

1 Malar rash

2 Discoid rash

3 Photosensitivity

4 Oral ulcers

5 Arthritis

6 Serositis
a. pleuritis, or
b. pericarditis

7 Renal disorder

a. proteinuria >

b. cellular casts
8 Neurological discorder
a. seizures or

b. psychosis (having excltded other

o SN TN
9 Haematological disorder = =2 _,\

a. haemolytic ANASELG-O ~d

b. leucopaenia ¢ -,"7 Kt

c. lymphopaenia . <1.5 x10%/1 on two or more occaSions

d. thromboeyto tﬁ : g |
ommmonsl Sotnd 11BN INEINT
a. raised a?{!i-native DNA antib8dy binding or=. /s
AR 0 U1 INY 1A Y
c. ﬂoéitive finding of antiphospholipid antibodies based on
1. an abnormal serum level of IgG or IgM anticardiolipin antibodies
ii. A positive test result for lupus anticoagulant using a standard method

iii. A false-positive serological test for syphilis, present for at least 6 months

11 Anti-nuclear antibody in raised titer
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Clinical symptoms

SLE is characterized by a plethora of clinical features. Non-specific features
such as severe fatigue, fever, anorexia, weight loss and lymphadenopathy are common

and can form a major part of many patients’ illness.

The clinical expression of SLE ispextremely varied, but the most common

findings include: fever, u,_ : .“' shy’ afls jis, serositis (pleuritis, pericarditis),
and nephritis. Skin p stoSensitiy ty, ordl-HICSisy hematologic disorders, and
seen. In TOSt+

renal disease has been thg 1.97 ntmon ath. in patients with lupus and

neurological abnormalities 3 plished series until very recently,

remains a cause of consig

Organization (WHO) has

f patients. The World Health
e major categories based on
renal biopsy results. H" additigh fend-gtag disea; ith completely sclerosed
glomeruli, tubular intergfitialfdigease and the ovefla ipus nephritis and multiple
small thrombi associated#®with nfiBodies, can also occur. The

cumulative incidence of clifiica Gl ,m ympton emic Lupus Erythematosus is

shown in table 3.

Table 3: Cumulative tgden 0
€ e
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ic lupus erythematosus

Musculsartlcular symptoms 60-95
Cutaneous manifestations 55-80
Renal involvement 40-55
Neuropsychiatric disease 30-60
Pulmonary and cardiac disease 2040

Hematologic abnormalities 60-85
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Laboratory tests in diagnosis and monitoring of SLE

Laboratories, and particularly clinical immunology laboratories, play an
essential role in diagnosis and monitoring of systemic lupus erythematosus (SLE).
Many tests are done on patients with suspected lupus in order to establish a diagnosis.

In patients with SLE, tests are performed to determine which organs are involved, and

pus i.e., antinuclear antibody tests,
complement, complete blood count: "}_ 3C)! ié ction tests, brain involvement

etc. In this regard, we focusonranioantibadi ement in SLE.

Autoantibodies

In almost all‘pa' Btibodicodard formie igainst nuclear antigens, as
detected by antinucle /s (AINA) Aestin e overview of autoantibody
formation in Systemic Lupus aihiatosutidis in table 4.

i J’r =t d:l.;J:F‘

Anti-nuclear antibodies =" .»

)
More than 95¢ .?o f p .A.M e antinuclear antibody,

detected by indirect i ‘J i from cell lines such as

HEp-2 (hum Ej a)ﬁ elate with different
antibody bindi u ;insnig to the binding to
double-stranded%NA and/or histoneg: Speckled orgqucleolar patterpsycan also occur.

on RGPS B R AR D VI G o v

less renafidisease(28).

unoﬂuorescence usually on nue

Anti-DNA antibodies

Antibodies to dsDNA are found in between 40 and 90% of patients with SLE.
Many studies have shown an association between anti-dsDNA antibodies, particularly

IgG antibodies, and the occurrence and severity of renal disease(29-32). They have
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also been shown to correlate with cardiopulmonary disease and global activity score
as assessed by the BILAG index (33). Anti-dsDNA antibodies have been eluted from
kidneys in murine models of SLE and antibodies showing anti-nuclear activity that
could be partially inhibited by dsDNA have been eluted from the kidneys of patients
that have died from renal lupus(34).

Antinucleosome antibodies
Anti-nucleosome antib‘ , which a1 ponsible for the “so-called” LE
henomenon, play an importas o 3 : s of SLE(7, 21, 35). Recently,
P play p IS ﬁi ( ) y.
a growing interest on antinug

the literature(15, 22, 3§

diagnostic tool has emerged in
ur up to 80 % of SLE
patients(15, 22, 36). Coaflictifc fsfults-Have however'been reported concerning the

presence of antinucleosona€ aafi-Bo smother conhoct ve tissue diseases(15, 22, 36)
and their correlation, ifl lup#ls patiénts, Wil case \ d renal involvement(15,
22). :
Antibodies to extractable nficlgar an: gex

Antibodies to the

found in up to one-thid

La Sm, RNP, etc.) can be
s icularly associated with
n’s syndrome and . ti-@ antibodies are associated
with photosensitivity, the sub-acute cutangows form of lupus and possibly with

glomerular 1nfﬂn‘%1ﬂ ’Jl %%@W’]eﬂv the neonatal lupus

syndrome Antiu)dles to RNP are associated w1th undlfferentlated autoimmune

increased frequency in black lupus patients (30%) compared with Caucasians (5%).

the coincidence of Sjc

Anti-phospholipid antibodies (aPL)

Anti-phospholipid antibodies are a heterogeneous group of autoantibodies that
exhibit a broad range of target specificities, all recognizing various combination of

phospholipids, phospholipid-binding proteins or both. Antiphospholipid antibodies
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interfere with coagulation mechanisms resulting in a pro-thrombotic state. The most
commonly detected subgroups of aPL are Lupus Anticoagulant (LAC), anti
cardiolipin antibodies and anti-B2 glycoprotein I antibodies. Anti-phospholipid
antibodies have been recently included into ACR criteria for SLE (37). The true target
of aPL is represented by the complex phospholipid-B2 glycoprotein I or even by the
sole B2 glycoprotein I. LAC and/or antiphospholipid antibodies are found in 30-40%

of lupus patients. Anti phospholipid antibodies are also found in patients with the “so-

called” primary anti-phospholipid syndrorge igher titers of aPL antibodies are
generally found in the phases of disease/ 4 fay._However, serum titer of aPL
antibodies is not particularlyisefulfor mogitori activity (38).

Table 4: Cumulative inci utoantibody f ion in systemic lupus

Percent

rv'

Antinuclear autoantibetly 95
Anti—double-stranded DNA * 1 6075
Antihistone € o o 50-70
animcteosor®| 14 2] Y| B YI T WE N Thoto 50
Anti-Sm U ¢ . 1039,
PRI NN AN R Y
Anti-Sjogren’s syndrome (SS-A) (Ro 20-60
Anti-SS-B (La) 15-40
Anticardiolipin 10-30
Antierythrocyte 50-60
Antilymphocyte 50-70

Antithrombocyte 10-30
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Complement

Assays of complement levels in serum are one of the standard assays used to
assist the clinical management of patients with SLE(39). The majority of laboratories
measure antigenic concentrations of C3 and C4. A smaller number of laboratories also
routinely provide a functional measurement of the activity of the whole complement

pathway from classical pathway activation through to formation of the membrane

attack complex, such as the CH50 (complement haemolysis 50%) test.

The dominant pathwa . complédéle®giivation in SLE is the classical

wmmune complexes. Classical

pathway complement protein_levels”ai \*'--...L lation with active disease,
especially C1, C4 and €2 Ig el
AS 1y gev “ \\&\ N

at the lower end of the

normal range and onl els of C3 are maintained

because of the regulatgus assical pathway complement
activation in vivo, especig g protein that inhibits classical
\‘.\ n\ is is usually associated with

reduced levels of factor B, ifidicating  amplifieationtof C3 turnover in vivo by the

pathway activation(40).

amplification loop of the alte

In patients wal

/. ent of complement
activity is a helpful g wid

of disease, complement
measurements may have! diagnostic valtue. Evidence of plement activation is a
marker of the family of diseases in which iggmune-complex-mediated pathology is

prominent. AfBYSJ 85 DAL IS IS AT et s paien

might have an iferited complement °deﬁcwncy underlylng the dlsease Assay of C4

and C \E mﬂﬂm¥ Jg ﬁ omplement
deficienc eed 1n the case eficiency, C3 levels may be high

because of reduced consumption of classical pathway proteins(43).
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Autoimmunity in SLE

The precise immune disturbances leading to the development of SLE remain
unknown, although various clues have been provided by studies of animal
models(44). Current research involves attempts to understand the process of
production of pathogenic autoantibodies and the roles played by cytokines, adhesion

molecules and apoptosis.

(ds) DNA, is a hallmagkeof*sVSiemic Jupus ei¥fhematosus (SLE). It is generally
assumed that these anti.d afafiodids | R 11'the,development of lesions in
. ese 1 lti-molecular complexes,
responses. Especially, ked \\ 1s hardly immunogenic(2,
3), and most likely in thi dered'as @ major autoantigen in SLE.
The primary event inducis ‘ 1011 & anti-dsD antibodies has always been
puzzling, since it has been very/difficult -t astrate the presence of free DNA in
serum of SLE patients, but _ggii Ay * it occurred in the form of (oligo)

nucleosomes(1). A _-, ot mes aje apoptotic cells, since
nucleosomes were spofits e 4 al murine spleen cells,

whereas this process didinot occur when apoptosis was blotked with zinc sulfate(45).

Also during culture of hufmag lymphocytes mucleosome release occurred, which was

strongly correlﬂ; wag% M@ ywpﬂ Qsﬂ)ﬁ
AN AT TR ﬂ@f%% 2 tﬂfﬁ light on the

mechanisps leading to autoimmune responses and the pathogenesis of SLE(7, 47).
Lupus nephritis is one of the most serious complications in SLE, occurring in up to
55% of patients with SLE. Traditionally, it was thought that lupils nephritis resulted
from the glomerular deposition of DNA/anti-DNA complexes. However, DNA/anti-
DNA complexes are hardly nephritogenic(48). Also with regard to the pathogenesis of
lupus nephritis several observations have provided new clues for the events that lead

to glomerular inflammation in SLE.
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In 1995 Berden et al presented a new hypothesis for the development of lupus
nephritis (49) shown in Figure 1. Disturbed apoptosis (either too much, at the wrong
place or delayed) leads to the persistence of autoreactive T and B cells. If the rate of
apoptosis overflows the phagocytic removal of apoptotic cells or phagocytosis is
impaired, apoptotic cell derived material will be released. This includes nucleosomes
and other nuclear autoantigens. During apoptosis these autoantigens can be modified,

which can make them more immunogenic. This (increased) exposure of (modified)

Figure 1: Hypothesis Q the 1mr dys ] 1 _,; and the development of
lupus nephritis (49). ¢

AULINYNINING
RININIUUNIINE Y
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The nucleosome

Nucleosomes are the basic units of chromatin. In eukaryotic cell nucleus, 2 m
of DNA are densely packed in the form of chromatin. In chromatin, adjacent
nucleosomes are linked by about 60 bp of DNA (Figure 2)(3). Each nucleosome
consists of pairs of the histone peptides H2A, H2B, H3 and H4, forming the histone-

| e wrapped in two superhelical turns.

: w is located at the point where

DNA enters and exits the parti : i (ﬁ gortions of the histones carry
: " it is anionic. Through this

arge of the nucleosome is

octamer. Around this octamer 146

At the outside of this core p

many positive charges, i
combination of cationic

neutral with a pI of 6.9(

~

Y . Y L. 9
- D "y
FWIANNIUNRTIINDI] Yo
3 ) , ,
Figure 2: Chromatin (left part) is a polymer structure of nucleosomes connected by
protein-free DNA. The nucleosome (right part) consists of a histone-octamer
comprising pairs of the histone peptides H2A, H2B, H3 and H4, around which

dsDNA is wrapped twice. H1 is located at the outside where DNA enters and exits the

core particle.
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Apoptosis in SLE

The dysfunction of programmed cell death (apoptosis) has been found to be

part of numerous human diseases, particularly the autoimmune diseases(50).

As a consequence of apoptosis, nuclear components are brought to the surface

Casciola-Rosen et al. found shat ir v #iCgkeratinocytes many nuclear and
cytoplasmic antigens, that a ch utoantibodies, are clustered in
high concentrations in gimore, alterations of cellular
components during via posttranslational
modifications such as llination, could induce

immunogenicity (10, 52).

The first finding®th
discovery that MRL/Ipr 1 ba
Fas ligand to the Fas receptér (GD95); pre ) activated T and B cells, leads to

apoptosis. The deﬁciency of %1‘ .F gld mice, also leads to the same

lupus phenotype as, i _____w:; Fas and Fas ligand,
respectively, result i h ‘: autoreactive cells as
this elimination occurg fpredominantly" by Fa medlatﬁ apoptosis (54). Another

example of inhibition #fs apoptosis leading to autoimmunity is transgenic

overexpressmnﬁ % H@ %ﬂ?%! q:ﬂcﬁ the control of an

unmunoglobuhnﬂromoter the numbgr of autoreactlve B cells mcreased leading to

" pr°ﬂ%%’ﬁ‘ﬂﬁfﬂﬂ“ﬂ%%ﬁﬁﬁw

Accordmg to the demonstration that the autoimmune lymphoproliferative
syndrome in the /pr and g/ld mouse strains was based on a single'gene defect, studies
in human were performed to detect similar functional defects in Fas or Fas ligand. In
patients with SLE, Fas-related defects in apoptosis are less clear(56). Patients with a
Fas or Fas ligand deficiency develop an autoimmune lymphoproliferative syndrome

(ALPS)(57). Only a quarter of the patients develop antinuclear antibodies and
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glomerulonephritis is rarely seen. In contrast to the animal models, in human SLE no
clear-cut genetic defects in the Fas pathway have been detected so far. However,
several studies have been performed in which soluble Fas was measured in SLE
patients. These studies demonstrated elevated levels of soluble Fas in lupus
patients(58, 59), increased Bcl-2 expression(60), increased levels of circulating

apoptotic cells(61, 62) and increased “spontaneous” apoptosis in vitro(46).

ntribute to the pathogenesis of lupus

i€ s to be an important mechanism
: #(63, 64). This indicates that

persistence of autoreactive T celisay calise bj"asdisturbance in apoptosis and in this

way affect the magnitude_ofhcey ” “~~_-c».;~'~?.-*--. ine response. As mentioned
D def ‘

Dysregulation of apoptosis ga

nephritis in two different ways. Fis :

to induce tolerance of T cells toward

above, one of the conseg iis breakdown of peripheral

T cell tolerance. Second, affios€aétive Laaphooyte -\.\: escaped apoptosis may

be “primed” for apopt6Ssis ay be induced to become

apoptosis by other mech#inis hard to draw a clear-cut

conclusion. Although sug nce no genetically defined

defects in the major, Fas-me have been detected in human
SLE. Therefore, a heredltary def 7 the Jndiickion of apoptosis as a mechanism of

elimination of autoreaetiv :5 equisite factor for the

development of humsa iy’_.___‘ iSO Y]

) 2

However abnormal, aaoptosis in itselw not necessarily to be harmful if the

removal of ap(ﬂ)%ﬂ {'J wWﬁléw E}fl: ﬁx%rment of apoptotic

cells clearance isfgrobably more nnportant than d1sturbance in apopt051s itself.

ammmmummmaa
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Phagocytosis of apoptotic cells in SLE

The interest in the body’s cleaning machinery for apoptotic cells has increased
after the finding that apoptotic cells are the source of autoantigens. A seminal
observation of Rosen et al showed this for the first time. They found that

autoantigens become clustered in surface blebs after induction of apoptosis of

keratinocytes with UV light (51). Théjsmalleg blebs contain SS-A (52 kD), ribosomal
P protein, a-fodrin and Jo-1, hile the large ﬂ ic bodies contain nucleosomes,
SS-A (60 kD), SS-B, Sm, P-co é-ﬁbose) polymerase (PARP)

and other autoantigens (£ occurs very effectively via

phagocytosis by bystaa gessional phagocytes like
macrophages and monog#fCs 66 Hapidielim hatio apoptotic cells is important
olytlc enzymes. Sufficient

removal of apoptotic cel fote 21sQ) s s _ tant for the prevention of

An important featur ofizapoptotic removal by macrophages is the
induction of an anti-infla . 69) instead of release of pro-
inflammatory as observed if phagocytosis pecurswvia e receptor (70).

e —— Y]

Because all autm‘ntigens targeted 1 are eiﬂ@ located in small or large

apoptotic blebs or at the stirfage of apoptotic gells, Tax et al (49) and others (71) have

postulated that ﬂ utg p,ggwtgj W §chglﬂﬂ @ a pivotal feature in

the generation othhe autoimmunity. ‘Thls 1mpa1red clearance by Wgocytosw may

B LR IR LKL L

pathw. r generation of nucleosomes is apoptosis.

The indications that the removal of apoptotic cells a:md their antigenic
structures is relevant in the pathogenesis of SLE are delivered by a recent study
performed with Dnasel-deficient mice. Napirei et al. measured Dnasel activity in the
sera of SLE patients and found lower levels than in normal controls (73). Dnasel

might have a protective task in the removal of DNA from nucleoprotein complexes so
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preventing immune stimulation. Indeed, deletion of Dnasel resulted in the occurrence
of classical symptoms of SLE, including the production of antinuclear antibodies and

the development of glomerulonephritis.

Furthermore, when phagocytosis occurs via Fc or complement receptors, this
will usually be accompanied by the production of pro-inflammatory cytokines, in

contrast to the direct phagocytosis of apoptotic cells, which can actually have an anti-

s th niajor autoantigen in SLE,
many attempts have be ‘ 125} 1ze, with d in all sort of forms and
conditions. However the 1PCs Mo i clanti-dsDNA antibodies with
lupus specific characteristic Yo The -fin itive result has been derived after
immunization with dsDNA compiexe | :,' ike DNA binding proteins from
either viral or protozpa: -ﬁ_--_ ----- iS-directed against dsDNA
and nucleosomes (74 e 7 « \‘4 at in the SNF1 murine
lupus model 50% of -!' athogenic r cells were dis: I ted against nucleosomes.
These Th cells did not onfyeprovide heﬁoMﬁ roduction of nucleosome specific

amtibodie, b ﬂ e i edokh Baal bl concept known o

antigen spreadm figure 3) (5). Figuge 4 shows th bmdmg of T c%co-stlmulatory

e PN SRTRLHAF R A o

dependentjan y production.

This finding shed new light on the initiation of the ar;ti-dsDNA antibody
response: not dsDNA but nucleosome is the driving autoantigen in SLE (49).
Subsequently, similar observations have been reported in human SLE (15, 75). These
nucleosome specific T cells respond to histone epitopes on MHC class II molecules

presented after processing of nucleosomal material by APC (76, 77). However it has
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been indicated that APC can present epitopes derived from engulfed apoptotic cells to
T cells (78, 79). Surprisingly, in view of the exogenous source of the antigen, this
antigen presentation took place via MHC class I molecules. So, these data
demonstrated that T cells responds to nucleosomal epitopes are present in both human
and lupus mice. In fact, in lupus mice nucleosome-specific CD4+ T cells are detected
long before lupus mice produce pathogenic autoantibodies, suggesting that these cells

play a role in triggering the disease (5).

AUEINENINYINS
RN IUNAINYAY
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B-cell activated
by seif-antigen
or motecular mimic

AUYANYNTNYNT

Figure 3: Mechanis”l of epitope spreading‘ A B cell, specgc for determinant.fz} takes up through

complexes (b'='d"). tiple' T g i : g fro! itial complex

antigen, are processed by the B cell and presented in the context of major histocompatiblily complex

(MHC) class II. The single anti-a-specific B cell can thereby activate, and receive help from, a diverse
set of T cells. These, in turn, can provide help to a diverse group of B cells that can recognize separate
B-cell antigenic determinants on any part of the complex antigen, resulting in the synthesis of anti-b, ¢
and d antibodies. (Nature © Macmillan Publishers Ltd 2001 Registered No. 785998 England)
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Figure 4: Antigen-dependent antibody
production.

Antigens bound to B cells receptors or
processed by antigen presenting cells (APC) are
presented on the cell surface in conjunction
with MHC class II molecules. CD4+ T cells
recognizing MHC-antigen complexes are
activated resulting in expression of gp39.
Interaction between T cell gp39 and B cell
CD40 results in B cell proliferation and
antigen-specific antibody production.

: ‘autoepite for nucleosomes has
B a BB Ygesidues 10-33), and two in

IS cmonst ated to contain the peptide

a_cell }lones derived from nephritis

(NZB X SWR)F; (SNF1) lupus fmice £
88-102 and 118-132, also e

Additional regions in H3, at position

esponses of splenic CD4+ T

cells from SNF1 mic "’-{-‘-_-:W AU UL HUVIoUSUILCS | P ‘Immunogenic particles

was underlined by i- eosomal epitopes into

preautoimmune mice could accelerate the development ;ﬁevere glomerulonephritis

© AUEINENINYINT

An intriguing question is tHe nature of #the epitopes re@dgnized by the
pathogea: wcﬁ nu@m&l%q}glo r’elagated by free
DNA or ﬁistones, the components of nucleosomes. This result indicates that either
nucleosomes are taken up more efficiently by antigen presenting cells, or that critical
Th cell epitopes in the histones are protected from degradation by being bound to
DNA (5). Another possibility is that after antigen processing of nucleosomes, MHC
class II molecules present self-peptides that were previously cryptic. It has also been
suggested that the presence of endoplasmic reticulum or nuclear membrane within the

apoptotic cells can cause an increased generation of reactive oxygen species, which
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may induce oxidative modification of autoantigens. The unique peptide fragments
generated in this way could then, in genetically susceptible individuals, be presented

to Th cells and induce an autoimmune response (51).

Interestingly these pathogenic nucleosome-specific Th cells were only present
in lupus-prone mice and not detected in normal mice (5). In normal controls,
apoptosis also occurs but no anti-DNA antibodies are detected. Additionally,

W not generate the production of anti-
)

injection of nucleosomes into normal

DNA autoantibodies or nephriti,

Nucleosome-specifi

The central role 8f n S0Mes- ¢ indiictin 6 the autoimmune response
in SLE is underlined by t

with nucleosomes but not

ific antibodies, which react

A'and histones (47). In several

i
lupus prone mouse strains, tgég_‘{» L ave revealed that antinucleosome
antibodies occur early-in‘life, before the emergence of - p6~dsDNA and antihistone
antibodies (8, 14). hid e or a own, in inhibition and
adsorption assays, to due to antibodies that reco the native nucleosome
particle but not its individigh,components (DINVA and histones). These nucleosome-

et o BYFRIT I BEAT Vi b

antihistone antiBbdies develop (8, lé). This anlt'i__lrhlucleosome re%:}ivity was first

demon tﬁmﬂ ﬂ.wwrﬁ% ﬁ’ﬂ‘ﬂs E‘ce (11), and
was also gound in a high proportion (> 80%) in the sera of lupus mice and patients,

before development of anti-dsDNA and antihistone antibodies (9). The majority of
murine nucleosome-specific antibodies belong to the IgG2a and IgG2b subclasses,

consistent with a T cell-dependent autoantigen-driven response.

Following structural studies with a growing number of monoclonal anti-

dsDNA antibodies have progressed, it has emerged that anti-dSDNA antibodies have
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all characteristics of those produced in an antigen-stimulated, secondary immune
response (7). They are predominantly of IgG isotype, are highly oligoclonal, and
have numerous somatic mutations in their VH regions, features typical of an antigen-
driven response (81-83). Monoclonal antihistone autoantibodies have the same
properties (84), as do nucleosome-specific antibodies isolated from a single, young,
lupus MRL+/+ mouse (a mouse that had serum antinucleosome but no anti-dsDNA
nor antihistone antibody titers) at the very onset of the autoimmune response have
characteristics of multiclonality and rec@ghizg a wide variety of nucleosome epitopes
(85). So, these different nu some

different stages of the autoiam

agtibody populations could reflect
nucleosome-reactive B cell
clones recruited at the onse eiin young, predisposed mice
(85), only a few may b nde as the mice age and the

disease progresses (86-89

A footprint of these ‘antibodies is found in the

\ \\ d VH parts of molecules.
They contain both anionicgfesi in antihistone ¢ ibodies) as well as cationic
i lich mediate the binding to the

cationic histone or anionic D .‘ m cleosome, respectively (11, 90).

complementarity dete
amino-acid residues (as in

Monoclonal and pg 1 ntibedics are mainly directed

Aid)to a lesser extent also
within the (H3-H4) DI\E complex. e nuclec me-s@iﬁc antibodies, however,
show a higher reactivity R intact nucl es than to subnuclear structures,

e B HEAVENE N
AMIANTUNNINGA Y

Role of nucleosomes in the pathogenesis of SLE

against epitopes wit rt,':,‘

Glomerulonephritis, which ultimately develops in 40-60% of systemic lupus
erythematosus patients, is a severe manifestation of the disease with a major impact

on morbidity and mortality. Although there is great variability in the histological
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findings in kidney biopsies of patients with lupus nephritis, a consistent finding is the
presence of ail classes of immunoglobulins and early complement factors in
glomerular deposits (48). Classically, not nucleosomes but DNA has been thought to
play a role in development of tissue lesions in lupus through the formation and
subsequent deposition of DNA/anti-DNA immune complex (91). Nevertheless,
formal proof for this hypothesis is rather lacking. It has been very difficult to detect
circulating free DNA or DNA complexed to anti-DNA antibodies (92-94). Other

dings it is likely that DNA is not
xed in (oligo) nucleosomes.
Additionally, it is difficult to. _ harged DNA can have affinity
for anionic charged glo A) (49).

The first notion, th ‘ w\: ortant for the induction of

the autoimmune respofise the development of tissue
lesions, in particular lups
DNA antibodies. This opSe

react with an intrinsic comp@’

snts with cross reactive anti-

DNA antibodies could cross

heparan sulfate (HS), they found
that this cross reactivity was not 35'@3 atibody itself, but was mediated by

nucleosomal material’g HS, is responsible for the

o " ent permeability of the
. arge,mr antibody binding to HS

negative charge of the/C
GBM (96). Neutraliza@n of th
leads to albuminuria (97, 28).

AUYINYNINYINT

The binditlg of antinuclear antébodles to HS was not due to cross-react1v1ty,

0 NPT

subsequently purified under high salt conditions on a protein-A column, all HS

reactivity was lost. Addition of the protein A column effluent restored the binding to

HS. Subsequent analysis revealed that histone/DNA complexes (i.e. nucleosomes)
were responsible for the binding to HS. Also in vivo, in renal perfusion studies in the
rat, nucleosomes could mediate the binding to the GBM, while non-complexed anti-

nucleosome and anti-dsDNA antibodies did not bind (99).



28

This nucleosome mediated binding occurred via binding of the cationic N
terminal tails of the core histones to the strong anionic charges of HS. Because the
epitopes of antihistone antibodies are mainly localized on the N terminal regions, their
binding masks the positive charges on these histone tails, thereby preventing binding
to anionic HS. These positive charges on the N termini of histones can not be
neutralized by the binding of anti-dsDNA or anti nucleosome antibodies. In fact, their
binding to the nucleosome has an opposite effect, since they neutralize in part the

anionic charges of dsDNA, which e complex even more nephritogenic.

Using polyclonal and monoc the various components of the

nucleosomes as probes, nuc ified in human lupus nephritis,
predominantly in the diffuse g j tivg fornl (WHRQ class V) (100). With elution
studies of isolated glomeili™ ot MIR1Y/px mice antifiucleosome antibodies were

identified (101).

A time study antibodies were deposited
first, with subsequent dé€pogitigh of
suggests that after lodging #f ik mfzé O }

for subsequent binding of 2 #5 INAL Inz dance with the above-mentioned

antibodies (100). This sequence

, it acts as a planted éntigen

studies that nucleosome/antl-hlst : Wl ¢ less nephritogenic, the amount of
anti-histone antibodié! fhen the severity of the
lomular lesion progie glomerular diseases with

g Progié

core Eotein revealed an almost

complete absence of HS gt ing in the GBWn 90% of the biopsies from patients

ih ﬂ"ﬂﬂ* &#‘% WRNINEINT
mmmmmminm g

deposits in lupus nephritis. They underline the relevance of nucleosome mediated

monoclonal antibodiesgains

targeting of autoantibodies to the GBM, as identified in experiméntal animal studies.
The summary of the mechanisms leading to autoimmunity to nucleosomes in SLE and
the development of lupus nephritis is graphically depicted in Figure 5 (67). Because
of their nephritogenic potential, it could be helpful to identify nucleosome/
autoantibody complexes in the circulation of SLE patients. Using an ELISA, plasma

samples of SLE patients were screened for anti-HS reactivity. Onset (103) or
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exacerbation (104) of lupus nephritis was indeed associated with higher anti-HS
reactivity. Using a GBM based ELISA similar results were found (105).

Nonetheless, other studies with MRL/Ipr and human SLE sera have identified
type IV collagen, another major component of the GBM, as a candidate ligand for
nucleosome/antinuclear immune complexes (106, 107). Collagenase treatment of the

GBM prevented the binding of nucleosome/IgG complexes, suggesting that IV

collagen was important as a ligand. cther, these findings have identified a
similar binding mechanism of ar complexes to GBM via either
HS or IV collagen. This ¢ perfusion system, the removal
of HS by heparinase redu

{s)Fas/FasL

= Antingndndind ©
AN T TANE A

Figure 5: The summary of the mechanisms leading to autoimmunity to nucleosomes

in SLE and the development of lupus nephritis.
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Clinical relevance of antinucleosome antibodies

Although the nucleosome has been identified as a major immunogen in SLE,
antinucleosome-specific antibodies are not tested routinely in lupus patients. There
are now indications that this broad antibody population could be clinically relevant.

First, the nucleosome (or chromatin) is responsible for the most reactive substrate

107, 108). Second, independent studies fCmonstrated that the contribution of
anti-dsDNA and antihistoné™antibo: Q eévity against nucleosomes in
' pximately one-third of SLE
sera studies have high 2u#€ T/ some ac \5\ d little if any anti-dsDNA

SLE patients is only 25-
or antihistone reactivity

In fact this anfinuglfogbrdesantibadied is\ poten ially nephritogenic, its titer

correlates with the Systé Index score, a validated

index of SLE activity, and €54 ere fo do be more highly associated

with nephritis than anti-dsDNA agiibodies . In a cross-sectional study of 120
SLE patients with active and in _é?jg%fgf sEas Amoura et al showed that 65% of

the anti-dsDNA-neg ve sera had antinu cleosome acti Vityand a similar results was
;‘:"{‘ a suppose the view that
-dsDNA negative SLE.
Furthermore Min et al al§oeshowed that of #he patients with anti-dSDNA negative

515, et o1 8 DRGNS AR S cosome s

(17). In the sante study they demogstrated the leg'c.els of antinuc]&gsome antibody

strongl{q:wxfidalga ﬂﬁﬁe gﬁquea litl conversely

correlatedwith complement levels in anti-dsDNA negative SLE patients.

demonstrated in rece V.

antinucleosome antibo might be a useful marker of 'mti

The prevalence of antinucleosome antibodies in lupus ﬁice and patients are
summarized in Table 5. The studies revealed in table 5 shown a strong correlation
between antinucleosome reactivity and disease activity and lupus nephritis. In one
study they examined the prevalence of antinucleosome IgG in 13 connective tissue

diseases and found that its presence was limited to SLE, scleroderma, and mixed
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connective tissue disease (22). This suggests that antinucleosome antibodies could be
most helpful in the differential diagnosis of connective tissue diseases. Moreover, in
the same study, antinucleosome antibodies of the IgG3 subclass were exclusively
detected in SLE and specifically related to renal flares. A similar correlation was not
found for IgG3 anti-dsDNA (22). According to these data, it is clear that

measurement of antinucleosome reactivity is preferable and more specific than anti-

dsDNA.

Table 5: Prevalence of ant

Characteristics

Reference
Fisher et al (1988) (109) " Increasing titer with age
50% IgG2a, 30% IgG2b, 10% IgG1, 10% IgG3
MRL/+
(NZBXNZW Subclass distribution similar and titers lower
BxSB than in MRL/lpr mice
control strains 0
Burlingame et al (1994)(21) SLBjpatie a0~ Amti-chromatin and anti-H2A-H2B/DNA
- T elated with lupus nephritis
Suenaga et al (1996)(110) SL t] - ‘
1 T
Amoura et al (2000)(22) systen ul autoimmune disease (n=49 SLE: 72 4. gG3 antinucleosome antibodies exclusively
chronic h patms C infection (n-lO()) SSC: 46 present in SLE and related to lupus
healthy rﬂs (n=406) MCTD: 45 nephritis and disease activity (SLEDALI)
Bruns et al (2000)(15) Ea!ents (n=1 Il EJ VI 3 ! &! ’] Qetter sensitivity and specificity than
other systemlc autmmmvne All thers 3 meas of anti-dsDNA (diagnostic
ucleosome 90%.
AR eIt N‘WT'J Y8
rrelated significantly with
disease activity (ECLAM), lupus nephritis
and psychosis
Min et al (2002)(17) SLE patients (n=129) SLE: 76 - antinucleosome were present in 60% of the

healthy controls (n=50) anti-dsDNA negative SLE, renal disorders
were present in 32% in this group and all of
whom had antinucleosome antibodies
- levels of antinucleosome strongly correlated
the SLEDAI scores

Abbreviations: SSC=systemic sclerosis; MCTD=mixed connective tissue disease; SLEDAI=SLE
disease activity index; ECLAM=European Consensus Lupus Activity Measurement Index.
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