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Classification

SLE is a systemic disease with prominent autoimmune features. Although clinical
features are essential for diagnosing SLE, the American College of Rheumatology has published
11 diagnostic criteria for classification and research purposes (Table below). Four of eleven
criteria must be met to diagnose SLE. The criteria serve to standardize the entity of SLE but also
leave difficult decisions about patients who have 3 or fewer criteria.

Diagnostic Criteria

Definition

1. Malar Résh

Erythema over malar emihences; usually spares nasolabial fblds

2. Discoid lesions

Erythematous patches, keratotic scaling and follicular plugging;
atrophic scarring may occur.

3 Oral ulcefs

Usually’painless, often on hard palate, observed by phjlsician.

4. Photosensitivity

Skin rash as a result of sun exposure

5. Arthritis

Nonerosive, in 2 or more peripheral joints, with redness,
swelling, or tenderness. Most commonly at knees, hands,
and ankles.

6. Serositis

Pleuritis (pleural pain, pieﬁral rub, or éffusién) or péﬁcarditis (by
EKG, rub, effusion). Clinically: dyspnea, chest pain or
~ cough.

7 7. Renal Disorder

Proteinuria >0.5 grarﬁs/day or cellular casts (réa; ilemoglobin,
granular, tubular or mixed).

8. Neurologic Disorder

Seizures or psychosis in the absence of offending drugs or
metabolic disorder.

9. Hématological
Disorder

Hemolytic anemié with retiéulocytosis; or leukopenia
(<4000/mm?®) or lymphopenia (<1500/mm®) on >2 occasions;
or thrombocytopenia (<100,000/mm?).

10. Immunologic
Disorder

anti-DNA antibodies, or anti-Smith antibodies (anti-Sm), or
positive antiphospholipid antibodies (false +VDRL), positive
LE prep

11. Antinuclear
Antibody

Abnormal titer ANA (in the absence of drugs known to cause
drug-induced lupus)

Tan E.M. et al. Arthritis Rheum 25:1271-7, 1992.

Pathogenesis of SLE

Elements of three main proposed mechanisms describe the involvement of B cells in SLE

pathogenesis :

1, Autoantigen presentation (increased availability, abnormal presentation), including

abnormal apoptotic clearance.

In SLE, the rate of in vitro PBMC apoptosis is increased due to an increased population of
activated lymphocytes (elevated Fas expression, growth factor requirement) rather than a




disease-specific increase in apoptosis . When SLE patients experience a bacterial infection, the
rate of in vitro PBMC apoptosis increases further, which correlates with SLE flares after
episodes of infection 2.

An elevated rate of apoptosis is not by itself pathogenic, since accelerated turnover of immune
cells is a normal part of generating and limiting an immune response. Therefore, the clearance of
apoptotic debris has become a major focus of study. SLE patients show reduced clearance of
apoptotic debris by macrophages, leading to secondarily necrotic cells, which are removed by an
inflammatory response®. This slowed clearance is associated with detectable circulating levels of
DNA and nucleosomes. Circulating nucleosomes are not pathogenic in patients on hemodialysis,
receiving chemotherapy or radiation treatments, but in SLE other immune pathway abnormalities
result in immune activation by these stimuli. Cells undergoing apoptosis due to viral infection
may present viral antigens together with cellular DNA in apoptotic blebs, leading to epitope
spreading and immune responses to normal cellular components 4. Additional novel epitopes are
revealed through the proteolytic caspace cascade that executes apoptosis, and if exposed during
necrosis, provides for initiation of an immune response.

2. T cell-dependent B cell activation to make autoantibodies. Autoantibodies in SLE often
show evidence of having been created by germinal center reactions: they show isotype switching,
affinity maturation, and some emanate from long-lived plasma cells. These features arise from T
cell-B cell interactions.

> Toxicity of autoantibodies (e.g., anti-dsDNA) and immune complexes to end organs as
will be discussed below.

These mechanisms combine to form three major effects on B lymphocytes in SLE
pathogenesis. First, pathogenic T lymphocytes activate B cells to mature, differentiate, and
expand, resulting in increased autoantibody production. Secondly, the skewing of cytokine
production favors further B cell growth and differentiation. Finally, the interaction of T cells and
B cells through co-stimulatory molecules results in anti-apoptotic signals for selected subsets of
the immune system, resulting in the survival and ongoing activity of autoantibody-producing B
cell clones °.

B Lymphocytes in SLE Pathogenesis

Mouse studies have developed several lines of evidence for the importance of B
lymphocytes in the pathogenesis of SLE. Most fundamental is that murine SLE does not develop
in the absence of B cells °. Genetic influences on B lymphocytes in SLE initiation and
progression are under active study by multiple groups and have revealed the major contribution
of the Slel gene in breaking tolerance to nuclear antigens and of the Sle2 gene in permitting
increased B cell activation (reviewed by 7). Finally, manipulation of individual genes has caused
altered B cell subset distribution, abnormal signaling, and disruption of normal B cell tolerance.
Examples include SHP-1, PD-1, Lyn, CD22, CD19, and TNF family members and their ligands
such as BLyS discussed below *°.

B lymphocytes are needed for disease pathogenesis not just because they lead to antibody
production, but also because of their effects on activating T cells in a cascade of cytokine
production, cell proliferation, and chemotaxis. The JH-MRL lpr -/- SLE mouse model lacks B
lymphocytes and therefore also antibodies, but also does not develop the characteristic




lymphadenopathy because of inhibited T cell proliferation '°. When an IgM transgene is
expressed in this model as a membrane protein without producing circulating antibody,
adenopathy, T cell proliferation, and lupus organ damage such as nephritis all return. This
indicates B cell effects in lupus pathogenesis besides those mediated by autoantibodies. One can
speculate that the direct B cell-T cell interaction is critical to causing T cell activation,
proliferation, and cytokine secretion, or that B cells cause these effects more indirectly by
modulating immune pathways that end in T cell upregulation.

A focus on the pathogenic effects of B lymphocytes in SLE seems counterintuitive given
that lymphopenia is commonly seen in SLE, even in patients not treated with steroids or
cytotoxic drugs. The explanation is that while overall B cell numbers may be decreased, certain
pathogenic subsets are activated and even increased in numbers. Naive B cells, which do not
contribute to antibody production, are reduced in numbers, while the pre germinal center subset
(Igh+, CD38+), plasmablasts, and plasma cells are expanded, representing an activated
population positioned for antibody production 1 B cell subsets, such as the VH4.34 cells which
do not contribute significantly to the antibody repertoire in healthy controls, frequently form
germinal centers and contribute to memory cells and plasma cells in SLE patients, indicating a
breakdown in tolerance '*. Even treatment with immunosuppressives including azathioprine,
cyclophosphamide, or cyclosporin did not reduce CD19+CD27+ plasma cell numbers,
demonstrating that this cell type is resistant even to aggressive therapy '°.

Plasma cells are the terminally-differentiated B cells that produce antibody in large
quantity. Their immediate precursors are plasmablasts, a population that is increased in SLE and
retains the capacity to proliferate extensively. Plasmablasts may therefore be sensitive to
cytotoxic therapies. Plasma cells can be either short-lived or long-lived. Short-lived plasma
cells predominate in most immune responses and can stem from T-independent production in
extrafollicular sites, as well as from T-dependent interactions. Long-lived plasma cells have
gone through the germinal center reaction and are therefore products of T-dependent responses.
It is recognized that some autoantibody titers are not static during the course of SLE, while
others change little and do not reflect the disease activity. Anti-dsDNA is the classic example of
an autoantibody whose titers frequently rise during increased disease activity, especially for renal
involvement. With treatment, the titers may fall again, implying that short-lived plasmablasts
and plasma cells are responsible for producing these autoantibodies. On the other hand, the
ANA, anti-Sm, and anticardiolipin antibodies do not reflect disease activity and may persist
despite successful therapy. This type of antibody likely originates from long-lived plasma cells
that are unaffected by current therapies.

Autoantibodies As Clinical Predictors of Disease

Clinical and laboratory features have some value in predicting the severity of SLE. In a
study of 245 adult SLE patients over the years 1978 to 2001, Bujan et al. found that cardiac,
neurologic, or renal involvement at disease onset leads to a higher risk of subsequent flare in
those same organs 4. Age at diagnosis and valvular heart disease at onset were independent
predictors of low survival. Of the laboratory parameters, lupus anticoagulant and aCL antibodies
were predictors of stroke. In a different study of 194 SLE patients, Antolin et al. found that SLE
that begins before age 20 has a higher association with malar rash (70% vs. 45%), mouth ulcers
(48% vs. 29%), and seizures or psychosis (35% vs. 17%) *°.



ANA
The observation of different ANA patterns implies that DNA and histones are not the
only targets recognized by these antibodies. The standard screening test for ANAs is
immunofluorescence using cultured Hep-2 cells, a human laryngeal carcinoma cell line. Several
techniques have been developed to assess sub-components that make up a group of ANAs, often
using enzyme immunoassays against recombinant protein or affinity-purified antigen. By using
salt-soluble nuclear extracts from calf thymus (extractable nuclear antigens), a further panel of
antigens was identified that reacted with some patients’ autoantibodies. One of these was the Sm
(or Smith) antigen, and others were identified as Ro (SS-A), La (SS-B), and RNP
(ribonucleoproteins). Ribonucleoprotein derives its name from its sensitivity to treatment with
ribonuclease and trypsin, which cleave RNA and protein.
A large study of ANA tested by indirect immunofluorescence on HEp-2 cell in healthy
individuals has provided a baseline of the prevalence of a positive ANA in the population '°.
The frequency of positive ANA did not differ according to age in the range of 20 to 60 years.
The findings were of ANA positivity in:
31.7% at 1:40
13.3% at 1:80
5.0% at 1:160
3.3% at 1:320
Therefore, use of a low titer of 1:40 has high sensitivity and low specificity, and captures
virtually all patients with SLE, systemic sclerosis, or Sjogren’s syndrome. On the other hand, a
titer of 1:160 has high specificity and lower sensitivity, and is useful in confirming the presence
of disease when there is an elevated pre-test probability, yet excludes 95% of normal individuals.
An occasional patient will have a negative ANA but will have autoantibodies to cytoplasmic
organelles, such as antiribosome antibodies in SLE or anti-Jo1 antibodies in polymyositis 7
A negative ANA is a strong indicator of the absence of ANA-related autoimmune disease
given the high sensitivity of the test at low titers. Additionally, the predictive value of a positive
ANA is low in the primary care setting since the pretest probability of SLE is low . In a review
of 1010 consecutive ANA test results in a teaching hospital lab, 153 were positive and resulted in
a sensitivity for SLE of 100%, specificity 86% '°. The positive predictive value for SLE was
11%, and was even lower in patients over age 65, who have a higher rate of ANA positivity. It
can be concluded that in populations with a low prevalence of rheumatic disease, such as older
patients, the utility of ordering an ANA test is limited but can be improved by restricting its use
to patients with a moderate or high pretest probability for the disease.
On the other hand, a group of patients who clinically have SLE or SCLE but a negative
ANA on mouse liver has also been described 2. Such patients uniformly had anti-Ro reactivity
(100%), anti-La in 46%, and anti-UIRNP in 35% by ELISA testing. The conclusion was that
this pattern of autoantibody formation is actually a definable subset within the spectrum of SLE.
Not only can the presence of a positive ANA have numerous clinical or benign
explanations, but the diagnosis of SLE is also based on multiple criteria of which several are
clinical. Narain et al studied the diagnoses of 263 patients referred from community practices for
evaluation of SLE ?'. 76 patients (29%) had a positive ANA but no clinical disease, and 39 of
this subgroup had been treated with prednisone as high as 60 mg/day. 125 of the patients (48%)
received a different diagnosis, so that only 23% of presumed SLE was confirmed upon
rheumatologic consultation.



A positive ANA is a frequent cause of referral for rheumatologic consultation. In
considering the prevalence of autoantibodies in the community, Fernandez et al. tested for ANAs
in 500 normal blood donors >, ANAs were detected in 22.6% of subjects, most at a low titer of
1:40. In a report of 93 adult Malaysian blood donors, ANA was found in 6.5%, anti-dsDNA was
not found, and anti-Sm and anti-RNP were each seen in 1.1% **. Elderly individuals have an
increased incidence of positive ANA titers. In one study of 64 healthy men and women with a
mean age of 81, 31.3% had a positive ANA, while anti-Ro was 1.6% positive, anti-dsDNA in
14.1%, and anti-cardiolipin IgG was 51.6% **. A comparison group of 261 non-elderly revealed
only aCL antibodies, in 2.3%.

ANA positive patients that do not meet criteria for a specific rheumatic disease (also
called undifferentiated connective tissue disease (UCTD)) have been followed in series of up to
several hundred cases. Williams et al. described 213 patients with UCTD, most of who
continued to have undifferentiated disease over 10 years of follow-up 5 In a Dutch study, 65
ANA+ patients without anti-dsDNA antibodies were followed for a mean of 9.3 years *°. Of
these 38 (58%) developed a specific rheumatic disease (most commonly rheumatoid arthritis
(17), Sjogren’s syndrome (12), SLE (6), osteoarthrosis (3)). Five developed non-rheumatologic
conditions and 22 remained undiagnosed but developed no severe symptoms. In those diagnosed
with a condition, the diagnosis was apparent in 75% by 2 years, and in 90% by five years. Ina
further series, 91 patients with UCTD and at least 1 non organ-specific autoantibody were
followed for one year or longer %°. Clinical symptoms that were inversely correlated with
development of SLE on multiple regression analysis were sicca symptoms, Raynaud’s
phenomenon, and photosensitivity. Of those who developed no serious disease, 82% had a
single autoantibody (30% anti-Ro alone, 28% anti-RNP alone). In another study, patients with a
limited form of lupus with predominantly cutaneous findings were followed for risk of
developing systemic disease. In 245 discoid and SCLE patients, the best predictors of SLE were
nephropathy (proteinuria, hematuria), followed by arthralgias, then high titer ANA (>1:320) =
Interestingly, anti-dsDNA antibodies did not help distinguish disease limited to skin from SLE.

Incomplete lupus erythematosus (ILE) can be defined in patients with fewer than 4 of the
11 diagnostic criteria for SLE. When incomplete lupus is limited to one organ system, it has an
excellent prognosis, with only 3 of 100 patients developing SLE during 3 years of follow-up .
Not surprisingly, ILE patients are most likely to show less serious features, positive ANA,
nonerosive arthritis, and cutaneous involvement %. In a study of 28 Swedish patients with some
clinical features of SLE but fewer than 4 ACR criteria, 16 patients (53%) developed complete
SLE in a median of 5.3 years *°. Only 1 of 3 patients with anti-dsDNA antibodies developed
SLE, 6 of 6 patients with malar rash progressed to SLE, and 3 of 8 patients with arthritis
developed SLE. This study followed patients who had at least one organ system involved and
were felt clinically to likely have SLE, therefore representing the more severe spectrum of
incomplete SLE. At the less severe end of the spectrum are patients with a positive ANA but
fibromyalgia, who were distinguished as less likely to be African-American, and clinically
showed less mucocutaneous and hematologic involvement than SLE patients *'.

The ANA titer does not correlate with changes in disease activity, and the ANA
continues to be present even when clinical SLE is apparently inactive. In following 14 patients
with SLE inactive for a mean of 8.9 years (range 3-22 years), one study found that the ANA
remained positive in 71.5% of cases, with ENAs in 14.3%, but no anti-dsDNA 32 Therefore,
ongoing monitoring of SLE patients even with clinically inactive disease is recommended.



Autoantibody development before clinical disease onset

A recent large retrospective study provides new insight into the development of
autoantibodies before the clinical diagnosis of SLE *. Using serum samples stored by the US
military on its members, 130 SLE patients and 4 matched controls per patient were identified
who had serum samples collected before the diagnosis of SLE. There was a large difference
between the presence of autoantibodies in SLE patients versus controls, before clinical SLE
developed: ANA (at 1:120 dilution) in 78% of patients, 0% in controls. Multiple other
antibodies were also found at higher levels in patients: anti-Ro, anti-La, anti-Sm, anti-RNP, anti-
dsDNA, antiphospholipid (figures below). Antibody levels in controls agreed with previous
studies, showing 3% anti-dsDNA, 3% anti-Ro, 2% APL, and 2% anti-RNP.

&

Autoantibodies
before
SLE diagnosis.

Autoantibodies
before

: first manifestation
o dDNA of SLE..
A
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Serum had been stored as far back as 1985, allowing an estimate of the interval between
initial antibody development and the onset of SLE. Because 90 of 130 (69%) of patients had
autoantibodies in the first available sample, the analysis represents an underestimate of the true
values. The findings were that at least one autoantibody was present a mean of 3.3 years before
diagnosis in 88% of patients. Three distinct groups of antibody formation were described: 1.
ANA, antiphospholipid, anti-Ro, and anti-La developed a mean of 3.4 years before diagnosis; 2.
anti-dsDNA formed a mean of 2.2 years before diagnosis; and 3. anti-Sm and anti-nRNP
developed 1.2 years before diagnosis. In the group as a whole, new types of autoantibodies



accrued steadily in the 6 years prior to diagnosis, increased the year before diagnosis, then
remained stable thereafter. In part, this reflects the high rate of positivity for the autoantibodies
seen by the time of diagnosis. However, this accumulation of autoantibodies does not imply a
stable disease pattern. It has been recognized clinically that SLE patients may develop additional
autoimmune diseases over time, most commonly Sjogren’s syndrome, theumatoid arthritis,
autoimmune thrombocytopenia, antiphospholipid syndrome, and hypothyroidism =

It was apparent that patients developed individual clinical criteria of SLE at times more
than 10 years before formal diagnosis. 16% developed a clinical symptom more than 3 years
before diagnosis, and only 21% presented with their first clinical symptoms in the month of SLE
diagnosis. In addition, autoantibodies developed before clinical manifestations in 90% of the
SLE patients. The ANA, anti-Ro, anti-La, APL, and anti-dsDNA formed well before the initial
clinical manifestations of SLE, while only anti-Sm and anti-nRNP coincided with the clinical
diagnosis.

This study is valuable in its examination of a large number of samples in the years before
SLE becomes clinically apparent. It has provided new insight into the sequence of autoantibody
induction and identifies groups of antibodies and has allowed the postulation of a period of
benign or subclinical autoimmunity, followed by pathologic autoimmunity and finally fully-
developed clinical disease. It has been previously observed that the autoantibody types seen
years before SLE (ANA, anti-Ro, anti-La, APL) also occur in many normal subjects and are
often not associated with disease. Similarly, anti-dsDNA, anti-Sm, and anti-nRNP are more
closely associated with clinical SLE and are rarely seen in normal people. Drawbacks to the
study are that is a retrospective review relying on chart notes for clinical evaluation. A long-
term prospective study of subjects at risk for developing SLE would address this concern. As the
data here show, some of the subjects with asymptomatic autoantibody formation or subjects with
incomplete SLE will progress to frank SLE over a number of years. While this study deals only
with patients that went on to develop clinical SLE, a much larger study is needed to define which
laboratory and clinical feature predict progression in those with asymptomatic autoantibodies or
minimal clinical findings.

Autoantibody
accumulation
before

SLE diagnosis.
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These observations about the sequence of autoantibody induction also have implications
for theories of SLE pathogenesis (reviewed in 1%): If environmental triggers of SLE exist, these
may occur many years before disease onset. Given the accrual of autoantibodies, it may even be
necessary for a sequence of triggers to induce the different classes of autoantibodies. While
epitope spreading has been well-described for some autoantibody systems (e.g. the anti-Sm
response), it remains possible that the initial induction of less pathogenic or disease-specific



autoantibodies (ANA, aPL, aRo, al.a) are involved in more disease-specific autoantibody
formation (aSm, adsDNA).

Sy lune

Phases of
autoimmunity
in SLE.
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Genetic Factors and Autoantibodies

Male African-American SLE patients have been found to have the most rapid progression
from the first clinical symptoms to the diagnosis of SLE **. The median time to diagnosis was
shorter in AA males compared to AA females, or European-American males or females. In
addition, African-American males were more likely to have nephritis as their first clinical
symptoms, heralding a severe form of SLE.

Genetic factors are also being studied to explain the multiple clinical associations in
families with SLE sib pairs: thrombocytopenia, discoid rash, neurologic disorder, hemolytic
anemia, age of SLE diagnosis **. However, because the average time between dates of diagnosis
was 11 years in parent-offspring pairs and 7.5 years in affected sibpairs, it is likely that shared
immediate environmental triggers are not the explanation for SLE induction. Genetic influences
also play a major role in autoantibody profiles. In four sets of identical twins discordant for
SLE, 3 of 4 pairs had virtually identical anti-RNA protein (Ro, La, Sm, UIRNP) antibodies and
anti-RNA antibodies, although the affected sib had higher titers *’. Such studies demonstrate that
genetic factors are important in determining autoantibody profiles.

Anti-double stranded DNA (dsDNA) antibodies

Even healthy controls produce low levels of anti-dsDNA antibodies, but these are
generally low-affinity, of IgM isotype, and encoded by the germline rather than having
undergone a germinal center reaction *®. These natural antibodies presumably represent part of
the innate immune system that provides initial defenses during the days that an adaptive immune
response develops. However, the pathogenic anti-dsDNA autoantibodies of SLE are IgG, high-
affinity antibodies that have undergone T cell-dependent affinity maturation and isotype switch
recombination. The essential role of T cells in driving B cell responses has been reinforced by
the experimental in vitro production of anti-dsDNA antibodies after stimulation with histone-
specific T cells *°. Tt is likely that several antigenic epitopes on nucleosomes, including histones,
other proteins, and modified DNA, will be identified over time to contribute to anti-dsSDNA
induction.

Evidence exists for multiple ways in which anti-dsDNA antibodies cause disease. The
antibodies can bind directly to targets, including heparan sulfate, the major glycosaminoglycan
of the glomerular basement membrane, damaging the kidney *° *'. The cellular structures that
bind anti-dsDNA antibodies now include: Fc receptors, Hp8 on renal tubular cells, ribosomal P
proteins on glomerular mesangial cells, myosin 1 in rat hepatoma cells, and calreticulin on the
cell surface. Several of these interactions contribute to inflammation by causing an increase in




cytokines, including IL-1, IL-6, IL-8, TGFf, and von Willebrand factor (reviewed in 42). Anti-
dsDNA may interact with cell surface molecules but have also been shown to penetrate living
cells in culture to bind ribosomal protein S1, with potentially toxic consequences. **. When
injected into mice, human monoclonal anti-dsDNA antibodies deposited in the glomeruli,
mesangium, and capillary walls, causing proteinuria **. Anti-dsDNA antibodies also formed
soluble histone-DNA-anti-DNA immune complexes that can deposit in glomerular capillary wall
* Therefore, anti-dsDNA antibodies may cause disease by direct binding, by forming immune
complex that deposit in the kidneys, and by cross-reacting to cellular antigens.

Antibodies to dsDNA and the Sm antigen are not strictly pathogenic in every case, since
low levels have been described in IgG isolated from normal subjects *. It was found that IgG
could be affinity-purified from immunoabsorbent columns of human F(ab’),-Sepharose to give
antibody that reacted with F(ab”), but also with dSDNA and Sm. This antibody represented
0.02% of normal serum IgG and was also seen in SLE patients. The mechanistic implication is
that a network of idiotypic-antiidiotypic interactions exists even in normals, but is perturbed in
SLE patients to allow the expansion of pathologic antibody specificities.

Anti-DNA Autoantibodies are the Source of Further Immune Stimulation.

Anti-DNA antibodies can be induced by nucleosomes, bacterial DNA, but also by
fragments of the anti-DNA antibodies themselves (reviewed in */). Epitopes from the variable
regions of anti-DNA antibodies can be effective stimulators of T-lymphocyte responses, as seen
in human SLE and in the (NZB x NZW)F1 mouse model of SLE. In a recent study, PBMCs
from 31 SLE patients and 20 matched healthy controls were evaluated for cytokine responses
after treatment with seven peptides from anti-DNA antibodies. In relatively early SLE,
significantly more secretion of IFNy, IL-4, and IL-10 occurred in SLE samples than controls,
indicating a mixed Th1 and Th2 response. In late disease, Th2 cytokines predominated.
Interestingly, fewer peptides elicited responses in late disease, raising the possibility of clonal
exhaustion, deletion, or regulation. In animal models, peptides from anti-dsDNA antibodies
have been used in high doses to induce tolerance to this protein antigen. The treatments result in
delayed onset of disease, delayed disease progression, and prolonged survival ***°. Based on
these observations, there is interest in using one or more such peptides in treating human SLE.

In MRL/lpr and MRL/+ mouse models, anti-dsDNA antibodies (detected by Farr assay)
precede the development of anti-nucleosomal antibodies *°. The anti-dsDNA antibodies showed
anti-nucleosome activity as well, but this could be completely inhibited by the addition of free
dsDNA. Therefore, the anti-nucleosomal activity was entirely due to cross-reactivity before
antibody specific to nucleosomes developed later. Other studies in mice have demonstrated that
histone-containing immune complexes are largely responsible for the anti-dsDNA reactivity of
antibodies in the Farr assay >'. Farr reactivity of purified IgG preparations could be restored by
adding purified histones. Interestingly, histones can be demonstrated in the serum and plasma of
SLE patients, but not in healthy controls.

Clinical Implications

The presence of anti-dsDNA has low sensitivity and moderately high specificity in SLE.
Sensitivity is limited because only 50 to 60% of SLE patients will show anti-dsDNA antibodies
at some point in their course, while specificity for SLE is affected by the occurrence of anti-
dsDNA antibodies in cases of autoimmune hepatitis, syphilis, bacterial endocarditis, parasitic
and other infections **. The performance characteristics of the anti-dsDNA assay can also affect
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results, as an ELISA was found to be positive in 30% of ANA-positive subjects without SLE *2.
Immunoprecipitation by Farr assay and immunofluorescence on the kinetoplast of Crithidia
luciliae are more commonly used. The Crithidia assay has the highest specificity since no
histones or single stranded DNA are present to confound the results.

In a study of stored samples from members of the military, 130 SLE with 633 serum
samples were analyzed for anti-dsDNA Ab by ELISA *. 55% of subjects had anti-dsDNA Ab
before SLE diagnosis, appearing at a mean of 2.7 years before diagnosis (range 9.3 years to less
than 1 month). Of 26 cases with at least 2 positive samples, there was a rise in antibody titers
within 6 months of diagnosis. Those with anti-dsDNA Ab at diagnosis were more likely to have
renal disease (66.7% vs. 27.3%). The 7 cases treated with steroids had a significant drop in
antibody titers. This study shows that even anti-dsDNA antibodies can be present for years
before SLE can be diagnosed, and that a rise in titer may herald a more active phase of the
disease. It does not address the issue of how many patients with ANA and anti-dsDNA
antibodies are not destined to progress to overt disease.

ENA (Extractable nuclear antigens)

ENA derive their name due to their extraction by phosphate-buffered saline from calf
thymus. The Sm and RNP antigens are ribonucleoprotein particles involved in the splicing of
precursor mRNA.

The ENA panel consists of anti-Smith (Sm), anti-RNP, anti-Ro (SSA), and anti-La (SSB)
specificities. The clinical utility of adding this testing to an ANA has been addressed. In a
review of 2185 samples tested for ANA, 259 were positive and chart reviews were performed
without knowledge of ENA results >*. Univariate and multivariate analysis were used to
determine the utility of ENA in the diagnosis of SLE. In this limited panel, anti-SSA had a
strong predictive diagnostic value among ANA+ and anti-dsDNA negative patients (but added
no new information in those who were already anti-dsDNA positive), and overall positivity in
the ENA panel correlated with more pleuritis. However, no major clinical differences could be
found. More detailed studies exist for clinical associations of individual ENA components.

U7snRNP Snliceosome

Anti-Sm

Sm (Smith) antigens are a subset of the group of common core proteins that complex
with small nuclear RNAs (called U1, U2, U4-6, US5) to form small nuclear ribonucleoprotein
particles (snRNPs) (reviewed in °°). Seven different core proteins form heptamer rings and
snRNA passes through the center of the structure. The function of these structures is the splicing
of precursor messenger RNA to remove introns or to generate alternatively-spliced mRNA ¢,
The B, D1, and D3 core proteins are the major Sm epitopes. Because multiple core proteins act
as antigenic stimulus forming multiple anti-Sm antibodies, reactivity to Sm has been described as
an antibody system rather than a single entity °’. The anti-RNP antibodies described below react
with the Ul RNA and its associated proteins 70K, Ul-A, and U1-C.
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Anti-Sm antibodies are found in approximately 30% of all SLE patients but are highly
specific. In a comparison of complement fixing capability among ANAs, it was found that 18 of
20 SLE patients had ANA that could fix complement, while only 2 of 18 drug-induced ANAs
could *®. Complement-fixing ANAs were significantly correlated with anti-Sm activity, as well.

mRNA for Splicing

, SFP10
hristone
pra-mBMa ===

06

U7 snRNP U7 snRNP

Anti-Sm response and EBV infection

Previous EBV exposure is more common in SLE patients that in controls *°. In
comparing 196 adult ANA-positive SLE patients with 392 age-, race-, and sex-matched controls,
the SLE patients had a significantly higher EBV exposure (99.5% SLE vs. 94.4% control,
p=0.014). In pediatric cases, 116/117 SLE patients had seroconverted against EBV, compared to
only 107 of 153 controls (OR 49.9). Exposure to other viruses (CMV, HSV1, HSV2, VZV) was
not different. These observations raise the possibility that an immune response against EBV may
be misdirected against human sequences, leading to autoimmunity.

In comparing human autoantibody targets with viral sequences, a stretch of the Sm B
protein was found to have a high degree of similarity to the EBV major DNA binding protein
(EBNA-1) (reviewed in ®®). The EBNA-1 epitope PPPGRRPFFHPVGEA has significant
overlap with the first epitope in an anti-Sm response, PPPGMRPP 1 The antibody response to
this EBNA-1 epitope is not present in EBV-seropositive individuals but instead is temporally
restricted to an acute EBV infection. The opportunity to initiate a cross-reactive immune
response is therefore not open-ended. There is a similar or identical stepwise progression in the
early humoral immune maturation of anti-Sm, with initial reactivity to the repeated, proline-rich
sequence of SmB, PPPGMRPP, and subsequent use of the second epitope, PPPGMRGP 62,
Further epitope enlargement occurs by incorporation of neighboring amino acids. The sequence
of events is nearly identical in different lupus patients. In animal models, immunization with the
peptide PPPGMRPP leads to antispliceosomal autoimmunity and feature of lupus, with
spreading of the humoral immune response to produce ANA, anti-nRNP, and anti-dsDN
This work was recently extended by the observation that immunization of animals with either of
two antigens produced similar laboratory and clinical finding: the first epitope of 60 kDa Ro or
the cross-reactive EBNA-1 epitope both caused autoantibodies to Ro and to other spliceosomal
autoantigens, and eventually resulted in clinical leucopenia, thrombocytopenia, and renal
dysfunction . This line or research has demonstrated molecular mimicry between viral antigens
and cellular components as well as a consistent sequence of epitope spreading as part of
autoimmunity induction.

Sm PPPGMRPP
EBNA-1 PPPGRRPFFHPVGEA

A 63, 64.
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Anti-SSA (Ro), Anti-SSB (La)

Anti-Ro is targets extractable nuclear antigens and recognizes epitopes associated with
small RNAs of unknown function known as Y RNA, located in the cell’s cytoplasm or nucleus.
The Ro protein also binds to misfolded 5S rRNA precursors, leading to a theory that Ro protein
is involved in recognition or repair of intracellular damage, especially in the ribosome biogenesis
pathway. The Ro proteins are divided into 2 major forms: 52 kD Ro, containing subtypes o and
B, and 60 kD Ro. Mice lacking the 60kD Ro protein develop a lupus-like syndrome including
glomerulonephritis, photosensitivity to UV light in some strains, and autoantibodies to ribosomes
and chromatin %. The 52kD Ro protein is encoded by a separate gene and is clinically associated
with atrioventricular heart block and interruption of L-channel calcium influx into cardiac
myocytes in neonatal lupus.

The single La protein is 48 kD. Early work proposed that the function of La is to act as a
termination factor for RNA polymerase III, as it binds to the 3’ end of virtually all nascent
polymerase III transcripts /. More recent studies of the cell cycle demonstrated that La protein
prolongs the half-life of histone mRNA, potentially leading to increased histone protein
production ®. An additional function for La protein has now been described in the maturation of
pre-tRNA species ®. La protein is the first protein to interact with pre-tRNAs and prevents
further maturation of the tRNA until La is specifically phosphorylated. Clinically, La is
associated with SLE, with neonatal SLE, and with Sjogren’s syndrome.

The technique used to detect autoantibodies has been especially critical in the detection
of anti-Ro. In a study of 4025 consecutive serum samples tested for ANA, 285 (7%) were
positive for Ro reactivity by ELISA "°. However, 75 (26%) of the Ro-positive samples were
negative on ANA screening by immunofluorescence on Hep-2 cells, including 12 patients with
confirmed SLE. Additional testing can now be performed using Hep-2 cells overexpressing
transfected 60kD Ro antigen (Hep-2000(R) cells), by immunodiffusion, and by Western blot, but
there continue to be cases only detected by the sensitive Ro ELISA assay. In addition, both anti-
Ro and anti-La antibodies contain subpopulations of antibodies to idiotypes on anti-dsDNA, thus
masking and possibly down-regulating anti-dsDNA antibodies "'

Y RNA

Ro-60 kDa

SS-B/La
Ro-52 kDa -

Clinical Associations for Ro and La

Anti-Ro responses likely result from processing and presentation steps similar to that for
a foreign antigen, since IgM antibodies form first, followed by IgG anti-Ro antibodies "%
Furthermore, there is evidence of a germinal center reaction in the anti-Ro response, as the
antibodies increase in complexity and affinity over time. Normal subjects can have detectable
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levels of anti-Ro (in 18% of 40 samples) and anti-La (8% of 40 samples), although titers were
1000 fold lower than the highest levels measured in patients ”°.

Anti-Ro and anti-La are found most commonly in patients with SLE, Sjogren’s
syndrome, systemic sclerosis, neonatal lupus, and others. Within the range of lupus categories,
the anti-Ro response has been associated with SCLE, neonatal lupus, drug-induced lupus, ANA-
negative lupus, and the lupus-like syndrome associated with homozygous deficiency of
complement components C2 or C4 " Anti-Ro responses are seen in about 30% of patients with
SLE and in 90% of elderly onset SLE (above age 50) "°. A recent large-scale study was
performed to quantitate the clinical associations of Ro and La °. The investigators determined
the ANA in 10,550 consecutive patients, and positive samples were tested for reactivity with
recombinant Ro52, natural Ro60, and recombinant La. Of those with positivity of anti-Ro and/or
anti-La, clinical information was available on 181 patients. The associated diseases were: SLE
in 45.3%, primary Sjogren’s syndrome in 14.4%, progressive systemic sclerosis in 8.8%,
rheumatoid arthritis in 7.7%, cutaneous lupus in 7.7%, and dermatomyositis in 2.2%. The
presence of Ro52 antibody alone enriched for systemic sclerosis (34.2%) and dermatomyositis
(10.5%). Anti-Ro60 indicated the presence of SLE (80%), as did Ro60 plus Ro52 reactivity
(SLE in 52.2%). When Ro52, Ro60, and SSB were detected in the same sample, it signaled SLE
in 55.8% and systemic sclerosis in 20.9%. The unusual pattern of anti-La alone indicated
systemic sclerosis (33.3%), cutaneous lupus (23.8%), but systemic lupus in only 14.3%. A
further study of Ro60, Ro52, and La antibodies in 18 Ro-positive SLE patients followed over 18
to 44 months, repeated testing demonstrated that the antibody profile for these three antigens is
fixed early in disease and hardly changes in most patients *".

To determine the prognostic significance of anti-Ro reactivity, 100 anti-Ro positive
patients were followed for 10 years '°. The initial diagnoses were: SLE (51%), Sjogren’s
syndrome (17%), SLE/Sjogren’s overlap (7%), UCTD (16%), others (9%). After 10 years, 65%
(51 of 78 evaluable patients) had a progressive disease process: Sjogren’s syndrome (7 of 17
patients), SLE (23 of 51 patients), SCLE, renal disease (24%), rheumatoid-like arthritis (in 17
patients). Severe manifestations of rheumatic disease, interstitial lung disease, CNS disease, and
vasculitis, were notably frequent. African-Americans had earlier disease onset and a more
severe course compared to whites. Additionally, cutaneous manifestations were common in Ro"
SLE patients: photosensitivity, malar rash, discoid lesions, SCLE lesions.

Anti-La has recently been identified as an anti-neutrophil autoantibody that may be
responsible for neutropenia in SLE ”°. About 20% of SLE patients were found to have such anti-
neutrophil antibodies by ELISA testing. Human anti-La antibodies penetrate into normal human
neutrophils, suppress phagocytosis, accelerate apoptosis, and enhance IL-8 production. These
mechanisms could account for neutropenia and functional impairment of neutrophils in SLE.

Anti-RNP

RNP or ribonucleoproteins was originally described as a combination of RNA and
protein sensitive to degradation by ribonuclease and trypsin ®. This distinguished it from the Sm
antigen, which was resistant to such treatment. The U1 snRNP is the target of anti-RNP
antibodies, and within this structure, three main antigens have been described: 70K protein is the
most common, and the Ul-A and U1-C proteins are secondary. Additionally, 60% of anti-RNP-
positive patients have IgM or IgG anti-U1 RNA antibodies, and all of these had anti-70K and
most had anti-U1-A ®'. The clinical association of anti-U1 RNA positive patients was of
increased incidence of HLA-DR2/DR4, Raynaud’s phenomenon, and synovitis. Therefore, the
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commonly-tested anti-RNP antibodies are directed at three protein antigens, but antibody to the
Ul RNA itself is also present and has distinct clinical associations.

The U1RNP antibody is an essential part of diagnosing mixed connective tissue disease
(MCTD) but is present in about 30% of SLE patients. A recent study of 235 SLE patients
included in-depth analysis of antibodies to RNP-70K, RNP-A, and RNP-C *2. Not surprisingly
given the proximity of relevant antigens, patients had a clustering of antibodies to SmB, SmD,
RNP-70K, RNP-A, and RNP-C. Clinically, Raynaud’s phenomenon was associated with
antibody to all three RNP proteins, while leucopenia was seen in those with anti-RNP-70K and
anti-RNP-A. A lower incidence of urinary cellular casts was found in those with anti-RNP-A
and anti-RNP-C.

Like anti-dsDNA antibodies, anti-RNP antibodies have been shown to penetrate cells 8
Therefore, their mechanism of action may include alteration of normal cellular functions, even
the induction of cellular death by apoptosis or necrosis, thereby contributing to ongoing exposure
of RNP structures as antigenic stimuli.

Antiphospholipid antibodies

Given the above studies of autoantibody accumulation prior to clinical diagnosis of SLE,
the presence of APL antibodies has been investigated in individuals at risk of lupus. Multiple
sera were available for analysis before and after onset of SLE in 130 patients and were tested for
IgG and IgM aPL by ELISA 84 (This study utilized the same military repository of stored serum
samples as the study by Arbuckle et al. discussed on page 7). The results showed 18.5% of cases
had IgM and/or IgG aCL before onset of clinical SLE, at 7.6 years to 1 month (mean 3 years)
before diagnosis. The presence of anticardiolipin antibodies early in the course of SLE predicted
a more severe clinical phenotype, with the presence of 6.1 of 11 SLE diagnostic criteria, versus
4.9 in other SLE patients. The ACL positive patients had more frequent renal disease, CNS
disease, thrombocytopenia, and clotting events.

Other assays.
With over well over 100 antigen-autoantibody pairs already described in SLE *, there

will be ongoing attempts to find laboratory values that predict the onset, worsening, or response
to treatment in SLE. Among newer assays, anti-C1q has been used for monitoring, not
diagnosis; anti-nucleosome antibodies are used for diagnosis and monitoring, and urinary levels
of MCP-1 have been studied to follow lupus nephritis *°. Proteomic approaches may allow the
collection of peptides from most known lupus antigens (and multiple other candidate antigens)
onto a single chip. One can envision a leap forward in diagnostic associations when an
individual’s serum can be tested in this comprehensive manner.

Treatments

SLE is treated by long-established medications such as corticosteroids and
hydroxychloroquine, which are not curative. The standard of care for proliferative lupus
nephritis is currently the use of intravenous cyclophosphamide plus corticosteroids, following a
protocol first studied at the NIH. Common toxicities from such treatment include diminished
resistance to infection from cytopenia, gonadal toxicity ¥, steroid side effects, and even a long-
term risk of malignancy. Since all rapidly proliferating cells can be affected by a cytotoxic
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regimen, not only inflammatory cells but mucosa and bone marrow are common locations for
unintended side effects.

Targeting of the B lymphocyte lineage as a treatment for active lupus would have the
benefit of avoiding nonspecific killing of all rapidly proliferating cells and leaving significant
mucosal and cell-mediated immunity to maintain microbial resistance. The approach would
have clinical utility if the B lymphocyte lineage plays a major role in lupus pathogenesis, and if
eliminating this single branch of an immune response controls the pathogenic immune reactivity.

Non-specific reduction of inflammation: Glucocorticoids

Glucocorticoids represent the main rapidly-acting medication available to treat severe
manifestations of SLE. In an inception cohort of 73 patients followed for at least 15 years,
Gladman et al. found that prednisone was used by 87.7% of patients, for a mean of 117.1
months, i.e. almost 10 years *®. Organ damage seen over time in SLE patients was from the
disease itself early on but was felt to be mainly from steroid use when assessed at year 15.

Glucocorticoids exert their main effects by binding to the glucocorticoid receptor, a
member of the family of nuclear receptors, which act as ligand-dependent transcription factors.
The human glucocorticoid receptor o (hGRa) is widely expressed on almost all tissues and cells,
making glucocorticoid effects potentially universal in their scope. Specificity of action is
achieved by multiple mechanisms, including access to the multiprotein complex containing the
glucocorticoid receptor in the cell’s cytoplasm, access to the promoter regions of specific target
genes in the cell’s nucleus, protein-protein interaction with other transcription factor families
(NF-«B, AP-1, STAT), and interactions with coactivators and corepressors that modulate the
transduced signal (reviewed in *). Recently-described non-genomic effects of glucocorticoids
cause shifts in membrane structures or organization, with consequences such as altered calcium
responses after stimulation *°.

Many aspects of immunity are inhibited by glucocorticoids. Innate immunity is
downregulated, with dampening of pro-inflammatory cytokines (e.g. IL-1, TNFa, IFNy, IL-12)
and upregulation of anti-inflammatory actions (e.g. IL-10, TGFB, IL-1RA). Adaptive immune
responses are pushed to the Th2 response, away from Thl responses. The blood leukocytosis
frequently seen with corticosteroid use promotes survival and proliferation of neutrophils;
enhances GM-CSF effects, enhances LTB4-mediated neutrophil survival and chemotaxis,
increases the release of bone marrow neutrophils, and inhibits neutrophil transmigration to
inflammatory sites by inhibiting leukocyte adhesion molecules such as L-selectin. The
immediate effect on neutrophils is to cause shedding of L-selectin. Later effects include
inhibition of release of IL-8 and other CXC chemokines.

Given the substantial evidence that glucocorticoids allow or promote a humoral immune
response driven by a Th2 phenotype, what is the effect on immunoglobulin production? The
research in this area is less robust, but certain immunoglobulin isotypes can actually be elevated
after glucocorticoid treatment, such as IgE in asthma. This effect may be balanced in part by the
observation that earlier steps in B cell proliferation and development are downregulated by
glucocorticoids. However, Ig-secreting plasma cells have become largely resistant to the
inhibitory effects of glucocorticoids. One can speculate that autoimmune or inflammatory
diseases are not worsened by glucocorticoids because of their other anti-inflammatory effects:
elimination of effector cells (mast cells, eosinophils, basophils), reductions in proinflammatory
cytokines, and less chemotaxis of inflammatory infiltrates. In addition, elevations in
immunoglobulin levels do not necessarily represent antigen-driven specific responses

16



Apoptosis
High doses of corticosteroids lead to B cell, T cell, and monocyte apoptosis, representing

an end to proinflammatory effects as long as the apoptotic debris is cleared efficiently.
Neutrophil apoptosis is delayed after corticosteroids administration, yet corticosteroids also

increase the capacity of macrophages to clear apoptotic debris °'.. Within the B lymphocyte
lineage, pro- and pre-B cells are most sensitive to apoptosis, with less sensitivity in more mature
forms °>**. The clinical effects of glucocorticoid treatment are not long-lasting, as lymphocyte
repopulation from progenitors is rapid and complete **.

Summary of corticosteroids effects:

In autoimmune diseases, corticosteroids are used because they are a widely-available,
rapidly acting modulator of the immune system. Their main effects are the elimination of
significant parts of the B- and T-lymphocyte compartments. Also important are a reduction in
pro-inflammatory cytokines and chemokines, with attendant reduction in inflammatory infiltrates
and a skewing of cytokine responses to favor Th2 rather than Thl cells. Glucocorticoids
diminish the stimulation of T cells by dendritic cells, leaving a more immature dendritic cell
population that favors generation of suppressor T reg cells, and tolerance.

Targeting of B Lymphocytes

Anti-CD20

CD-20 is a membrane-associated glycoprotein expressed on pre-B cells, resting B cells,
and activated mature B cells, but not on pro-B cells, most memory B cells, and terminally-
differentiated plasma cells. The function of the CD20 molecule is not well-understood, as
CD20-deficient mice have no evident immunologic phenotype *>. When used as a therapeutic
target, CD-20 has the advantages of being stably expressed on the cell surface without
internalization or shedding even after anti-CD20 binding. Binding of anti-CD20 antibody to
CD20+ cells causes cell death without the need for an additional toxin.

Rituximab has been an FDA-approved therapy for relapsed or refractory, low-grade B
cell follicular non-Hodgkin’s lymphoma since 1997, with over 370,000 doses given. Rituximab
is an anti-CD20 humanized, chimeric monoclonal antibody. Its antigen combining site consists
of murine anti-human CD20 sequence and is fused to human IgG and x constant regions.
Efficacy of rituximab depends on the presence of a high-affinity allele of the Fcyreceptor Illa,
with lower B cell depletion and diminished clinical efficacy seen when the low-affinity allele
(F176) is present **°’. Homozygosity for the low affinity allele FcyRIIIa and A frican-American
ancestry are associated with a failure to deplete *°.

B cell depletion after rituximab reaches > 99% when effective and generally lasted 6 to 9
months in lymphoma trials. Since long-lived antibody-secreting plasma cells do not express CD-
20 and are therefore not eliminated by rituximab, circulating levels of IgG and IgA are generally
unaffected by rituximab treatment. A modest drop in IgM levels has occurred in some, possibly
reflecting a diminished ability to generate an antibody response that requires the maturation and
differentiation of B lymphocytes. With these modest changes in antibody levels, a higher rate of
infectious complications has not been seen in lymphoma trials *°. The effect of rituximab on the
entire B cell compartment has been inadequately studied to date. One patient with SLE and
thrombocytopenia treated with rituximab showed blood B cell depletion and when splenectomy
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was needed for inadequate response, splenic B cell depletion could also be demonstrated by
pathology '%.

The main mechanism of B cell depletion by rituximab is still under study. Given the
importance of the FcyRIlIla receptor phenotype on phagocytic cells in determining response to
rituximab, B cells coated with rituximab may be cleared by antibody-dependent cell-mediated
cytotoxicity as one proposed mechanism. Others include the induction of apoptosis by cross-
linking of CD20 on the B cell surface, and the induction of complement-dependent cytotoxicity
191 The latter mechanism, if vital, may point out subsets of lupus patients who are less likely to
respond well to rituximab. Patients with genetic deficiency of complement (e.g. C1q or C4, who
are already at higher risk of SLE) and those with acquired complement deficiency as part of high
SLE disease activity have low complement levels and therefore a poor response to a
complement-requiring pathway. In an animal model, C1qg-deficient mice showed impaired
rituximab responses to human CD-20 expressing lymphoma cells % It is unlikely that mere B
cell depletion accounts for the full clinical effect of rituximab, as B lymphocytes numbers
plummet immediately after rituximab infusion, while clinical responses can take weeks to
months.

A resetting of B cell homeostasis may be part of the clinical response to B cell depletion.
Those patients with incomplete B cell depletion after rituximab have a mixture of naive,
memory, and pregerminal center CD38+IgD+ B cells, whereas successful B cell depletion leaves
only memory B cells in the circulation '®®. Later recovery of B cell counts is associated with a
return to B cell homeostasis, including resolution of B lymphopenia, the presence mainly of
naive B cells, and expansion of CD27-IgD- cells. Another group has argued, however, that the
CD38+ population seen in active lupus patients mainly represents repopulating naive B cells
expressing higher levels of CD38, and a smaller population of pregerminal center cells, as seen
in umbilical cord blood B cells or bone marrow transplants *°.

Rituximab in SLE Treatment

Small, largely uncontrolled, trials have now appeared for the use of rituximab in lupus
nephritis. Looney et al. '** treated 17 lupus patients, 7 of whom had proliferative
glomerulonephritis. Three different doses of rituximab were used along with moderate-dose
corticosteroids. The lowest dose of rituximab resulted in incomplete B cell depletion and the
least clinical benefit. The highest dose rituximab was equivalent to that used in non-Hodgkin’s
lymphomas and resulted in improved clinical status in 6 of 8 patients. The level of anti-dsDNA
antibody was not a reliable predictor of response to treatment overall, but its reduction did
correlate well in 4 patients with high pretreatment levels and effective B cell depletion. Anti-
chimeric antibodies (i.e. antibodies formed against the murine sequence in the rituximab
antibody) were found in 6 of the 17 patients. These antibodies were seen more frequently in
patients receiving lower-dose rituximab and in those with poor clinical responses.

A second open-label study of rituximab in SLE '* included 6 lupus patients, 3 of whom
had proliferative glomerulonephritis. The regimen used was borrowed from previous experience
in treatment of rheumatoid arthritis and consisted of two 500 mg rituximab doses, two 750 mg
cyclophosphamide infusions, and corticosteroids over two weeks. The results showed clinical
benefit in all six, especially in fatigue, arthralgia, arthritis, and serositis. In two patients the
benefits were long-lasting (2 and 3 years), and the other four relapsed at or after B cell
repopulation. Levels of anti-dsDNA antibodies decreased in 2 of 3 patients with renal disease
but varied in the group overall. This group has subsequently modified this regimen to include a
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higher dose of rituximab at 1000 mg for each of two doses, and 13 of the next 15 patients
(presenting with severe nephritis and/or cytopenias) have received this higher dose '%. Overall,
9 of 21 patients responded well enough to require only one cycle of rituximab (follow-up 12 to
46 months), 6 have been re-treated, and 1 never depleted B cells and therefore did not respond.
This group has also reported that rituximab treatment resulted in a reduction in anti-dsSDNA and
anti-histone antibodies while anti-Sm antibodies actually increased, correlating with higher
BLyS levels in these patients '7. Whether some autoantibody clones remain resistant to
rituximab or unusually responsive to BLyS remains to be determined.

A recent open-label study of rituximab included a more homogeneous group of ten SLE
patients with class III or IV proliferative glomerulonephritis '®. The end points of the study
were a complete remission of nephritis (normal serum creatinine and albumin, inactive urine
sediment, 24 hour urine protein <500 mg) or partial remission (>50% improvement in renal
parameters that were abnormal at baseline). Partial remissions were achieved rapidly (mean of 2
months) in 8 of 10 patients, and complete remission in 5 patients (mean of 3 months). These
favorable responses are more rapid than is usually seen with the standard regimen of
cyclophosphamide and corticosteroids. Levels of IgM plus IgG anti-dsDNA antibodies
decreased in all patients, regardless of response, yet it has been pointed out that only a subset of
the IgG antibodies may be pathogenic to the kidneys 1% However, effective B cell depletion and
clinical response correlated with a decrease in T helper cell activation as assessed by a decrease
in CD40 ligand, CD69, and HLA-DR on CD4+ T cells. The 2 patients with less robust
responses had shorter periods of B cell depletion. However, long-term B cell level does not
correlate with clinical response, as 4 of 5 patients achieving remission had no deterioration even
after B cell regeneration. Overall, rituximab was felt to act not only on the level of reducing B
cell antibody production, but also by dampening T helper cell responses. In the future, it needs
to be studied whether the activation state of T helper cells can be used as a biomarker for
successful therapy of SLE.

Rituximab Side Effects

Side effects of rituximab are well-understood from the more than 300,000 NHL patients
previously treated. Hypersensitivity reactions during infusion can include rash and fever and
may necessitate stopping the drug. The risk of infection is theoretically increased since B- and
T-lymphocyte responses are blunted by rituximab. When this occurs on the background of
autoimmune diseases such as lupus, where lymphocyte dysfunction and complement deficiency
can further decrease anti-microbial resistance, episodes of infection are expected to be more
frequent than in a healthy population. However, antibody levels are generally maintained during
rituximab treatment and infectious complications have not been increased in lymphoma trials.

The need for cotreatment along with rituximab remains to be explored in lupus. In RA,
there were significantly better responses to use of cyclophosphamide plus rituximab rather than
rituximab alone ''°. A further alternative might be the use of methotrexate with rituximab, which
also produced improved RA clinical responses. In clinical experience with another biologic
agent, infliximab, the addition of even low doses of methotrexate has been shown to decrease
anti-chimeric antibody formation, and therefore avoids a loss of response that can be seen from
in vivo neutralization of the therapeutic agent. Trials in RA have demonstrated that 1. a higher
dose of rituximab (total dose > 600 mg/m?2) is more likely to produce a substantial clinical
response (ACR 50 or better), 2. Clinical relapse occurs with a rise in autoantibodies, not just
repopulation of the B lymphocyte compartment and 3. Seronegative RA patients do not respond
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"1 Beyond a direct effect on the pharmacokinetics of rituximab, cotreatment may have as yet
undefined influences on inflammatory cell survival and distribution that account for its important
clinical benefit when given along with rituximab.

Rituximab: Conclusions:

Despite treatment with full-dose rituximab, even when combined with corticosteroids,
cyclophosphamide, or methotrexate, most lupus patients will eventually relapse. It remains to be
studied if different dosages will improve responses, or if repeated or ongoing treatments to
suppress rather than to cure the disease (as is done in the treatment of RA with TNFo
modulators) will prove to be a viable long-term therapeutic option. The long-term risks of such
an approach are currently unknown. Rituximab treatment has been used to date mainly in
patients who have failed multiple previous therapies, which may indicate that therapeutic
responses may be easier to achieve in the general population of lupus patients. Overall, the use
of rituximab has the benefits of a large safety database from the experience in lymphoma
patients, a plausible biologic explanation of its mode of action in targeting B cells alone, and
growing utility in preliminary reports of studies in multiple autoimmune diseases.

Anti BLyS (BAFF, TALL-1, THANK, zI'NF4)

BLyS is a member of the TNFa family and is an important survival factor for all B-
lineage cells after they exit the bone marrow. BLyS expression is restricted to myeloid lineage
cells (monocytes, macrophages, dendritic cells, and neutrophils) and is cleaved at the cell surface
to release a biologically active, circulating molecule. BLyS has 3 known receptors, BAFFR,
TACI, and BCMA, of which the first two appear most important for B cells. Signaling through
the BLyS receptors activates the NF-kB pathways and upregulates cell survival signals such as
BCL-2 and BCL-X{ (reviewed by ''%). Mouse models have demonstrated that transgenic
overexpression of BLyS leads to autoantibody production and renal disease, that the BLyS level
is elevated in mouse models of SLE, and that treatment with fusion proteins of BLyS receptors
(TACI-Ig or BAFFR-Ig) decrease SLE progression and improves survival 13,

In human SLE, BLyS levels correlate with anti-dsDNA autoantibody production and with
clinical disease activity when large populations are followed. In a study of 68 SLE patients
followed for one year, BLyS levels were persistently elevated in 25% and intermittently up in a
further 25%, with these estimates likely at the lower end of the actual range since high dose
steroid treatment reduces BLyS levels b Circulating BLyS levels were not useful in assessing
SLE disease activity in individual patients, only in a pooled group of patients.

Treatments for SLE (and other autoimmune diseases such as rheumatoid arthritis) have
been initiated using 3 products targeting BLyS: 1. LymphoStat-B (Human Genome Sciences, a
human anti-BLyS monoclonal antibody; 2. TACI-Ig (ZymoGenetics/Serono), a BLyS receptor-
immunoglobulin fusion protein that binds BLyS; and 3. BAFFR-Ig (Biogen/Genentech), a
further BLyS receptor-immunoglobulin fusion protein. LymphoStat-B has progressed furthest
in clinical trials. A phase I multicenter double-blind trial of 70 SLE patients used one or two
infusions of drug compared to placebo. There was no excess of adverse events, and testing of
circulating blood mononuclear cells confirmed a decrease in B lymphocytes numbers after
LymphoStat-B. A phase II trial is nearing completion and results are scheduled for release in the
fall of 2005. On April 6, 2005, preliminary results of a phase II trial of LymphoStat-B in
rheumatoid arthritis were released. Here, 283 patients received placebo or one of 3 doses of
LymphoStat-B (1mg/kg, 4 mg/kg, 10 mg/kg) at weeks 0, 2, 4, then every 4 weeks. After 24
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weeks, the primary outcome measure, an ACR20 response, was met only in the lowest dose
group (36% vs. 17% for placebo, p=0.011). Numbers of circulating B cells (CD20+ and other
subsets) and levels of rheumatoid factor dropped significantly in all actively-treated groups.
Details on which B cell subsets were reduced and to what extent are not yet available.

Anti-CD22

CD22 is a B lymphocyte-restricted sialoglycoprotein expressed only on resting and
activated mature B cells ''°. Unlike CD20, after ligand binding, CD22 is rapidly internalized,
causing costimulation of normal cells and apoptosis of lymphoma cells ''¢. Mice deficient in
CD22 have B cells with reduced life span and increased apoptosis, giving some similarities in
function for CD22 and BLyS '". The precise function of CD22 remains under study, with
suggested roles in B cell signal transduction through the B cell antigen receptor, and as an
adhesion molecule "% ',

A mouse monoclonal antibody to CD22 has been humanized to make an IgG1 antibody
called epratuzumab. Over 300 patients with B cell lymphomas have now been treated in initial
studies. In phase I/II studies of aggressive, mostly relapsed non-Hodgkin’s lymphoma, the drug
has been given once weekly for four weeks in a regimen similar to that used for rituximab '*°.
The mean serum half life was 23.9 days, and tumor mass reduction was noted in 20% of the 56
patients.

In SLE, on open trial of 14 patients showed initial promise '?°. Patients had a median 8
years duration of SLE, at least 1 elevated autoantibody, and moderately active current disease
activity (BILAG 6-12). The infusion of epratuzumab was generally rapidly completed in half an
hour and was given every 2 weeks for four doses. Three adverse events have been noted:
sleepiness, herpes zoster, and otitis media. The BILAG global disease activity decreased in
11/11 patients immediately after treatment (by 50% or more in 9 of 14 patients) and also at week
10 (11/11 patients) and week 18 (7 of 9 patients). B lymphocyte levels decreased immediately
after therapy and remained lowered at week 4. There was no consistent effect on T cell levels,
immunoglobulins, and autoantibodies. Such limited results form the basis for Phase III trials in
SLE in the near future. Epratuzumab is also going into phase I/II trials for Sjogren’s syndrome,
Waldenstrom’s macroglobulinemia, and childhood ALL

At UT Southwestern, Dr. Ellen Vitetta has produced a novel anti-CD22 antibody coupled
to immunotoxin (ricin). This agent has the advantage of killing its target cell, regardless of Fc
receptor phenotype. There have now been successful clinical trials for lymphoma, and we have
recently begun the first study in an autoimmune disease, ITP.

Targeting anti-dsDNA Antibodies in Therapy

Although there is controversy regarding the significance of anti-dsDNA antibody titers in
predicting a flare of SLE, there is evidence that rising antibody titers correlate with a 2 to 3 fold
increase in risk of a flare within 4 months '»'. The clinical features most likely to worsen with a
rise of anti-dsDNA antibodies are glomerulonephritis and vasculitis '*2. Efforts have been made
to prevent flares in response to rising anti-dsDNA antibody titers. Bootsma et al. used a strategy
of adding prednisolone 30 mg/d (and tapering to baseline over 18 weeks) to the ongoing
treatment of SLE patients with at least a 25% rise in anti-dsDNA titers '*>. During a 3 year
study, 46 of 156 SLE patients had a rise in anti-dsDNA titers, with 22 assigned to receive the
prednisolone regimen and 24 remaining on conventional treatment. Relapses in SLE disease
activity occurred in 20 conventionally-treated patients, versus 2 in the prednisolone group.
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Despite the use of extra prednisolone in stable patients, the prevention of flares resulted in no
differences in cumulative steroid doses. Members of the same group have since studied the
prophylactic use of mycophenolate mofetil (Cellcept) in a cohort of SLE patients '**. 10 of 36
patients had rising anti-dsDNA titers during the study and received 2 grams/day mycophenolate
mofetil for 6 months. None of the 10 patients relapsed on this regimen, and all had falling titers
of anti-dsDNA antibodies. It must be pointed out that the prednisolone study had a particularly
strong correlation between rising serologic titers and clinical flare (20 of 22 conventionally-
treated patients flared), and that no control group was included in the mycophenolate mofetil
study. Other researchers describe a much weaker association between worsening serology and
clinical flares of SLE ' %6, However, if an individual patient’s pattern of laboratory and

clinical abnormalities is similar with each disease flare, prophylactic treatment can be justified
based on these results.
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LJP 394: targeting anti-dsDNA as therapy of lupus nephritis

LJP 394 (abetimus sodium, Riquent) is a rationally-designed agent to bind anti-dsDNA
antibodies in the circulation and on cells. It consists of four deoxynucleotide sequences tethered
to a triethylene glycol backbone. Although this agent may aid in the binding and clearance of
circulating autoantibodies, the more important proposed mechanism of action may be the
induction of anergy or apoptosis by binding to the surface of B lymphocytes, leading to antigen-
specific tolerance 2.

LJP 394 has been extensively studied in 13 clinical trials involving 873 SLE patients.
The phase 2/3 randomized controlled trial of 230 patients enrolled SLE patients with a history of
nephritis and assessed for a renal flare (increased 24 hr proteinuria, serum creatinine, or
hematuria; and decreased 24 hr creatinine clearance), the time to a major SLE flare (initiation or
increased dose of corticosteroids or cyclophosphamide, hospitalization or death from SLE), and
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LJP 394

the time to requirement of high dose corticosteroids or cyclophosphamide '*®. In an intent to
treat analysis, the trial showed no significant differences in time to and incidence of renal flares
among treatment groups, but LJP 394 recipients had a longer time to institution of high dose
steroids or cyclophosphamide (p=0.03) and required fewer courses of such treatments (p=0.026).
A retrospective analysis of the 90% of trial subjects who had high affinity anti-dsDNA
antibodies showed that the time to and incidence of renal and SLE flares were statistically
different in this population compared to placebo. These results led to a prospective definition of
the high affinity anti-dsDNA antibody group for the subsequent phase 3 trial.

The phase 3 trial of LIP 394 included 145 patients on study drug, 153 on placebo '%.
When data from LJP 394 and placebo patients were pooled, the premise behind this treatment
approach was confirmed by demonstrating that decreases in anti-dsDNA (of about 25%) were
associated with a lower risk of renal flare. In the study, there was a trend towards fewer renal
flares in LJP 394-treated patients (12% LJP 394 vs. 16% placebo) and fewer major SLE flares
(24% LJP 394 vs. 31% placebo), but these did not achieve statistical significance. There was a
longer median time to renal flare in the LJP 394 group (123 months vs. 89 months placebo) and
to major SLE flare (55 months vs. 42 months placebo). There was no difference in the
requirements for corticosteroids or cyclophosphamide between the two groups. The LJP 394
patients had similar numbers of serious adverse events as the placebo subjects during treatment
for up to 22 months. Given the lack of statistical significance to the phase 3 results, the FDA did
not approve LJP 394 in an October 2004 decision. La Jolla Pharmaceutical Company has begun
an even larger clinical trial to demonstrate clinical efficacy, but at a cost to the company of $2.5
million a month, there are doubts whether the study can be completed. The company is lobbying
to perform a post-marketing trial, instead.

Conclusions

Over 100 autoantibodies are now recognized in SLE. Although the initial inciting
antigens that trigger the clinical disease in SLE are not known, studies have demonstrated cross-
reactivity between nuclear antigens and some viral sequences. Autoantibodies can be found for
10 or more years in the serum of patients who later develop clinical SLE, with an accumulation
of new antibody specificities that peaks near the time of clinical disease outbreak. The antibody
response to many cellular antigens shows evidence of isotype switching and affinity maturation
by B cells, and epitope spreading over time. Current therapies for SLE rely on general immune
suppression and nonspecific reduction of inflammatory cells. New therapies target B
lymphocytes by outright killing or by immune modulation, moving the focus of SLE treatment to
an attack on the humoral arm of the immune system.

23



References.

1.

10.

11.

12.

13.

14.

15.

16.

17,

18.

19.

20.

Lorenz HM, Grunke M, Hieronymus T, Herrmann M, Kuhnel A, Manger B, Kalden JR. In vitro
apoptosis and expression of apoptosis-related molecules in lymphocytes from patients with systemic
lupus erythematosus and other autoimmune diseases. Arthritis & Rheumatism 1997; 40:306-17.

Krieg AM. CpG DNA: a pathogenic factor in systemic lupus erythematosus? Journal of Clinical
Immunology 1995; 15:284-92.

Herrmann M, Voll RE, Zoller OM, Hagenhofer M, Ponner BB, Kalden JR. Impaired phagocytosis of
apoptotic cell material by monocyte-derived macrophages from patients with systemic lupus
erythematosus. Arthritis & Rheumatism 1998; 41:1241-1250.

Rosen A, Casciola-Rosen L, Ahearn J. Novel packages of viral and self-antigens are generated during
apoptosis. Journal of Experimental Medicine 1995; 181:1557-61.

Rathmell JC, Fournier S, Weintraub BC, Allison JP, Goodnow CC. Repression of B7.2 on self-reactive
B cells is essential to prevent proliferation and allow Fas-mediated deletion by CD4(+) T cells. Journal
of Experimental Medicine 1998; 188:651-9.

Chan OT, Madaio MP, Shlomchik MJ. B cells are required for lupus nephritis in the polygenic, Fas-
intact MRL model of systemic autoimmunity. Journal of Immunology 1999; 163:3592-6.

Mohan C. Murine lupus genetics: lessons learned. Current Opinion in Rheumatology 2001; 13:352-60.
Cornall RJ, Goodnow CC, Cyster JG. Regulation of B cell antigen receptor signaling by the
Lyn/CD22/SHP1 pathway. Current Topics in Microbiology & Immunology 1999; 244:57-68.
Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development of lupus-like autoimmune diseases
by disruption of the PD-1 gene encoding an ITIM motif-carrying immunoreceptor. Immunity 1999;
11:141-51.

Chan OT, Hannum LG, Haberman AM, Madaio MP, Shlomchik MJ. A novel mouse with B cells but
lacking serum antibody reveals an antibody-independent role for B cells in murine lupus. Journal of
Experimental Medicine 1999; 189:1639-48.

Arce E, Jackson DG, Gill MA, Bennett LB, Banchereau J, Pascual V. Increased frequency of pre-
germinal center B cells and plasma cell precursors in the blood of children with systemic lupus
erythematosus. Journal of Immunology 2001; 167:2361-9.

Pugh-Bernard AE, Silverman GJ, Cappione AJ, Villano ME, Ryan DH, Insel RA, Sanz I. Regulation
of inherently autoreactive VH4-34 B cells in the maintenance of human B cell tolerance. Journal of
Clinical Investigation 2001; 108:1061-70.

Odendahl M, Jacobi A, Hansen A, Feist E, Hiepe F, Burmester GR, Lipsky PE, Radbruch A, Dorner T.
Disturbed peripheral B lymphocyte homeostasis in systemic lupus erythematosus. Journal of
Immunology 2000; 165:5970-9.

Bujan S, Ordi-Ros J, Paredes J, Mauri M, Matas L, Cortes J, Vilardell M. Contribution of the initial
features of systemic lupus erythematosus to the clinical evolution and survival of a cohort of
Mediterranean patients. Annals of the Rheumatic Diseases 2003; 62:859-65.

Antolin J, Amerigo MJ, Cantabrana A, Roces A, Jimenez P. Systemic lupus erythematosus: clinical
manifestations and immunological parameters in 194 patients. Subgroup classification of SLE. Clinical
Rheumatology 1995; 14:678-85.

Tan EM, Feltkamp TE, Smolen JS, Butcher B, Dawkins R, Fritzler MJ, Gordon T, Hardin JA, Kalden
JR, Lahita RG, Maini RN, McDougal JS, Rothfield NF, Smeenk RJ, Takasaki Y, Wiik A, Wilson MR,
Koziol JA. Range of antinuclear antibodies in "healthy" individuals. Arthritis & Rheumatism 1997;
40:1601-11.

Meyer O. Evaluating inflammatory joint disease: how and when can autoantibodies help? Joint, Bone,
Spine: Revue du Rhumatisme 2003; 70:433-47.

Shmerling RH. Autoantibodies in systemic lupus erythematosus--there before you know it.[comment].
New England Journal of Medicine 2003; 349:1499-500.

Slater CA, Davis RB, Shmerling RH. Antinuclear antibody testing. A study of clinical utility. Archives
of Internal Medicine 1996; 156:1421-5.

Reichlin M. ANA negative systemic lupus erythematosus sera revisited serologically. Lupus 2000;
9:116-9.

24



21.

22.

23.

24,

25.

26.

2.

28.

29,

30.

31,

32.

33.

34.

35.

Narain S, Richards HB, Satoh M, Sarmiento M, Davidson R, Shuster J, Sobel E, Hahn P, Reeves WH.
Diagnostic accuracy for lupus and other systemic autoimmune diseases in the community setting.
Archives of Internal Medicine 2004; 164:2435-41.

Fernandez SA, Lobo AZ, Oliveira ZN, Fukumori LM, Prigo AM, Rivitti EA. Prevalence of antinuclear
autoantibodies in the serum of normal blood dornors. Rev Hosp Clin Fac Med Sao Paulo 2003;
58:315-9.

Azila MN, Zulkifli MN, Norita TY, Azizah MR. The prevalence of antinuclear, anti-dsDNA, anti-Sm
and anti-RNP antibodies in a group of healthy blood donors. Asian Pacific Journal of Allergy &
Immunology 1996; 14:125-8.

Manoussakis MN, Drosos AA, Silis G, Gharavi AE, Moutsopoulos HM. High prevalence of anti-
cardiolipin and other autoantibodies in a healthy elderly population. Clinical & Experimental
Rheumatology 1987; 5:247-53.

Williams HJ, Alarcon GS, Joks R, Steen VD, Bulpitt K, Clegg DO, Ziminski CM, Luggen ME, St
Clair EW, Willkens RF, Yarboro C, Morgan JG, Egger MJ, Ward JR, Moyna G. Early undifferentiated
connective tissue disease (CTD). VI. An inception cohort after 10 years: disease remissions and
changes in diagnoses in well established and undifferentiated CTD. Journal of Rheumatology 1999;
26:816-25.

Dijkstra S, Nieuwenhuys EJ, Swaak AJ. Systemic lupus erythematosus: clinical features in patients
with a disease duration of over 10 years, first evaluation. Scandinavian Journal of Rheumatology 1999;
28:33-7.

Tebbe B, Mansmann U, Wollina U, Auer-Grumbach P, Licht-Mbalyohere A, Arensmeier M, Orfanos
CE. Markers in cutaneous lupus erythematosus indicating systemic involvement. A multicenter study
on 296 patients. Acta Dermato-Venereologica 1997; 77:305-8.

Swaak AJ, van de Brink H, Smeenk RJ, Manger K, Kalden JR, Tosi S, Marchesoni A, Domljan Z,
Rozman B, Logar D, Pokorny G, Kovacs L, Kovacs A, Vlachoyiannopoulos PG, Moutsopoulos HM,
Chwalinska-Sadowska H, Dratwianka B, Kiss E, Cikes N, Anic B, Schneider M, Fischer R,
Bombardieri S, Mosca M, Graninger W, Smolen JS, Study group on incomplete SLE, years SLEwddit.
Incomplete lupus erythematosus: results of a multicentre study under the supervision of the EULAR
Standing Committee on International Clinical Studies Including Therapeutic Trials (ESCISIT).
Rheumatology 2001; 40:89-94.

Greer JM, Panush RS. Incomplete lupus erythematosus. Archives of Internal Medicine 1989;
149:2473-6.

Stahl Hallengren C, Nived O, Sturfelt G. Outcome of incomplete systemic lupus erythematosus after
10 years. Lupus 2004; 13:85-8.

Calvo-Alen J, Bastian HM, Straaton KV, Burgard SL, Mikhail IS, Alarcon GS. Identification of patient
subsets among those presumptively diagnosed with, referred, and/or followed up for systemic lupus
erythematosus at a large tertiary care center. Arthritis & Rheumatism 1995; 38:1475-84.

Meyer O, Molta C, Bourgeois P, Haim T, Kahn MF. Profil des anticorps antinucleaires dans 14 cas de
lupus erythemateux systemiques eteints depuis plus de trois ans. Revue du Rhumatisme et des
Maladies Osteo-Articulaires 1990; 57:599-603.

Arbuckle MR, McClain MT, Rubertone MV, Scofield RH, Dennis GJ, James JA, Harley JB.
Development of autoantibodies before the clinical onset of systemic lupus erythematosus. New
England Journal of Medicine 2003; 349:1526-33.

McDonagh JE, Isenberg DA. Development of additional autoimmune diseases in a population of
patients with systemic lupus erythematosus. Annals of the Rheumatic Diseases 2000; 59:230-2.
Arbuckle MR, James JA, Dennis GJ, Rubertone MV, McClain MT, Kim XR, Harley JB. Rapid clinical
progression to diagnosis among African-American men with systemic lupus erythematosus

The prevalence, onset, and clinical significance of antiphospholipid antibodies prior to diagnosis of systemic

36.

37.

lupus erythematosus. Lupus 2003; 12:99-106.

Tsao BP, Grossman JM, Riemekasten G, Strong N, Kalsi J, Wallace DJ, Chen CJ, Lau CS, Ginzler
EM, Goldstein R, Kalunian KC, Harley JB, Arnett FC, Hahn BH, Cantor RM, Kuroki K. Familiality
and co-occurrence of clinical features of systemic lupus erythematosus. Arthritis & Rheumatism 2002;
46:2678-85.

Reichlin M, Harley JB, Lockshin MD. Serologic studies of monozygotic twins with systemic lupus
erythematosus. Arthritis & Rheumatism 1992; 35:457-64.

25



38.

39,

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52

53.

54.

55

56.

57.

Herrmann M, Winkler T, Gaipl U, Lorenz H, Geiler T, Kalden JR. Etiopathogenesis of systemic lupus
erythematosus. International Archives of Allergy & Immunology 2000; 123:28-35.

Voll RE, Roth EA, Girkontaite I, Fehr H, Herrmann M, Lorenz HM, Kalden JR, Voll RE. Histone-
specific ThO and Th1 clones derived from systemic lupus erythematosus patients induce double-
stranded DNA antibody production. Arthritis & Rheumatism 1997; 40:2162-71.

Suzuki N, Harada T, Mizushima Y, Sakane T. Possible pathogenic role of cationic anti-DNA
autoantibodies in the development of nephritis in patients with systemic lupus erythematosus. Journal
of Immunology 1993; 151:1128-36.

Mostoslavsky G, Fischel R, Yachimovich N, Yarkoni Y, Rosenmann E, Monestier M, Baniyash M,
Eilat D. Lupus anti-DNA autoantibodies cross-react with a glomerular structural protein: a case for
tissue injury by molecular mimicry. European Journal of Immunology 2001; 31:1221-7.

Sawalha AH, Harley JB. Antinuclear autoantibodies in systemic lupus erythematosus. Current Opinion
in Rheumatology 2004; 16:534-40.

Tsuzaka K, Leu AK, Frank MB, Movafagh BF, Koscec M, Winkler TH, Kalden JR, Reichlin M.
Lupus autoantibodies to double-stranded DNA cross-react with ribosomal protein S1. Journal of
Immunology 1996; 156:1668-75.

Ehrenstein MR, Katz DR, Griffiths MH, Papadaki L, Winkler TH, Kalden JR, Isenberg DA. Human
IgG anti-DNA antibodies deposit in kidneys and induce proteinuria in SCID mice. Kidney
International 1995; 48:705-11.

Morioka T, Fujigaki Y, Batsford SR, Woitas R, Oite T, Shimizu F, Vogt A. Anti-DNA antibody
derived from a systemic lupus erythematosus (SLE) patient forms histone-DNA-anti-DNA complexes
that bind to rat glomeruli in vivo. Clinical & Experimental Immunology 1996; 104:92-6.

Williams RC, Jr. Immunologic markers for differentiation of autoimmune responses. Advances in
Dental Research 1996; 10:41-3.

Kalsi JK, Grossman J, Kim J, Sieling P, Gjertson DW, Reed EF, Ebling FM, Linker-Israeli M, Hahn
BH. Peptides from antibodies to DNA elicit cytokine release from peripheral blood mononuclear cells
of patients with systemic lupus erythematosus: relation of cytokine pattern to disease duration. Lupus
2004; 13:490-500.

Eilat E, Dayan M, Zinger H, Mozes E. The mechanism by which a peptide based on complementarity-
determining region-1 of a pathogenic anti-DNA auto-Ab ameliorates experimental systemic lupus
erythematosus. Proceedings of the National Academy of Sciences of the United States of America
2001; 98:1148-53.

Hahn BH, Singh RR, Wong WK, Tsao BP, Bulpitt K, Ebling FM. Treatment with a consensus peptide
based on amino acid sequences in autoantibodies prevents T cell activation by autoantigens and delays
disease onset in murine lupus. Arthritis & Rheumatism 2001; 44:432-41.

Lu Q, Kanai Y, Kubota T. The emergence of anti-dsDNA antibodies precedes nucleosome-specific
antibodies in MRL/lpr and MRL/+ mice. Journal of Medical & Dental Sciences 2003; 50:9-15.
Hylkema MN, van Bruggen MC, ten Hove T, de Jong J, Swaak AJ, Berden JH, Smeenk RJ. Histone-
containing immune complexes are to a large extent responsible for anti-dsDNA reactivity in the Farr
assay of active SLE patients. Journal of Autoimmunity 2000; 14:159-68.

Haugbro K, Nossent JC, Winkler T, Figenschau Y, Rekvig OP. Anti-dsDNA antibodies and disease
classification in antinuclear antibody positive patients: the role of analytical diversity. Annals of the
Rheumatic Diseases 2004; 63:386-94.

Arbuckle MR, James JA, Kohlhase KF, Rubertone MV, Dennis GJ, Harley JB. Development of anti-
dsDNA autoantibodies prior to clinical diagnosis of systemic lupus erythematosus. Scandinavian
Journal of Immunology 2001; 54:211-9.

Sanchez-Guerrero J, Lew RA, Fossel AH, Schur PH. Utility of anti-Sm, anti-RNP, anti-Ro/SS-A, and
anti-La/SS-B (extractable nuclear antigens) detected by enzyme-linked immunosorbent assay for the
diagnosis of systemic lupus erythematosus. Arthritis & Rheumatism 1996; 39:1055-61.

Zieve GW, Khusial PR. The anti-Sm immune response in autoimmunity and cell biology.
Autoimmunity Reviews 2003; 2:235-40.

Busch H, Reddy R, Rothblum L, Choi YC. SnRNAs, SnRNPs, and RNA processing. Annual Review
of Biochemistry 1982; 51:617-54.

Benito-Garcia E, Schur PH, Lahita R, American College of Rheumatology Ad Hoc Committee on
Immunologic Testing G. Guidelines for immunologic laboratory testing in the rheumatic diseases: anti-
Sm and anti-RNP antibody tests. Arthritis & Rheumatism 2004; 51:1030-44.

26



58. Rubin RL, Teodorescu M, Beutner EH, Plunkett RW. Complement-fixing properties of antinuclear
antibodies distinguish drug-induced lupus from systemic lupus erythematosus. Lupus 2004; 13:249-56.

59. James JA, Neas BR, Moser KL, Hall T, Bruner GR, Sestak AL, Harley JB. Systemic lupus
erythematosus in adults is associated with previous Epstein-Barr virus exposure. Arthritis &
Rheumatism 2001; 44:1122-6.

60. Kaufman KM, Kirby MY, Harley JB, James JA, Brown JS. Peptide mimics of a major lupus epitope of
SmB/B'. Annals of the New York Academy of Sciences 2003; 987:215-29.

61. McClain MT, Rapp EC, Harley JB, James JA. Infectious mononucleosis patients temporarily recognize
a unique, cross-reactive epitope of Epstein-Barr virus nuclear antigen-1. Journal of Medical Virology
2003; 70:253-7. .

62. Arbuckle MR, Reichlin M, Harley JB, James JA. Shared early autoantibody recognition events in the
development of anti-Sm B/B' in human lupus. Scandinavian Journal of Immunology 1999; 50:447-55.

63. Arbuckle MR, Gross T, Scofield RH, Hinshaw LB, Chang AC, Taylor FB, Jr., Harley JB, James JA.
Lupus humoral autoimmunity induced in a primate model by short peptide immunization. Journal of
Investigative Medicine 1998; 46:58-65.

64. James JA, Harley JB. B-cell epitope spreading in autoimmunity. Immunological Reviews 1998;
164:185-200.

65. McClain MT, Heinlen LD, Dennis GJ, Roebuck J, Harley JB, James JA. Early events in lupus humoral
autoimmunity suggest initiation through molecular mimicry. Nature Medicine 2005; 11:85-9.

66. Xue D, Shi H, Smith JD, Chen X, Noe DA, Cedervall T, Yang DD, Eynon E, Brash DE, Kashgarian
M, Flavell RA, Wolin SL, Takahashi HK. A lupus-like syndrome develops in mice lacking the Ro 60-
kDa protein, a major lupus autoantigen
Proceedings of the National Academy of Sciences of the United States of America 2003; 100:7503-8.

67. Stefano JE. Purified lupus antigen La recognizes an oligouridylate stretch common to the 3' termini of
RNA polymerase III transcripts. Cell 1984; 36:145-54.

68. McLaren RS, Caruccio N, Ross J. Human La protein: a stabilizer of histone mRNA. Molecular &
Cellular Biology 1997; 17:3028-36.

69. Intine RV, Sakulich AL, Koduru SB, Huang Y, Pierstorff E, Goodier JL, Phan L, Maraia RJ. Control
of transfer RNA maturation by phosphorylation of the human La antigen on serine 366. Molecular Cell
2000; 6:339-48.

70. Blomberg S, Ronnblom L, Wallgren AC, Nilsson B, Karlsson-Parra A. Anti-SSA/Ro antibody
determination by enzyme-linked immunosorbent assay as a supplement to standard
immunofluorescence in antinuclear antibody screening

Fels-Rand: an Xlisp-Stat program for the comparative analysis of data under phylogenetic uncertainty.
Scandinavian Journal of Immunology 2000; 51:612-7.

71. Zhang W, Reichlin M. Some autoantibodies to Ro/SS-A and La/SS-B are antiidiotypes to anti-double-
stranded DNA. Arthritis & Rheumatism 1996; 39:522-31.
72. Scofield RH, Zhang F, Kurien BT, Anderson CJ, Reichlin M, Harley JB, Stafford HA. Development of

the anti-Ro autoantibody response in a patient with systemic lupus erythematosus. Arthritis &
Rheumatism 1996; 39:1664-8.

73. Gaither KK, Fox OF, Yamagata H, Mamula MJ, Reichlin M, Harley JB. Implications of anti-
Ro/Sjogren's syndrome A antigen autoantibody in normal sera for autoimmunity. Journal of Clinical
Investigation 1987; 79:841-6.

74. Reichlin M, Harley JB. Antibodies to Ro(SSA) and the heterogeneity of systemic lupus erythematosus.
Journal of Rheumatology - Supplement 1987; 14 Suppl 13:112-7.

755 Meyer O. Actualites sur les anti-SSA/Ro et anti-SSB/La. Annales de Medecine Interne 2002; 153:520-
9.

76. Peene I, Meheus L, Veys EM, De Keyser F. Diagnostic associations in a large and consecutively
identified population positive for anti-SSA and/or anti-SSB: the range of associated diseases differs
according to the detailed serotype. Annals of Rheumatic Disease 2002; 61:1090-4.

77. Hassan AB, Lundberg IE, Isenberg D, Wahren-Herlenius M. Serial analysis of Ro/SSA and La/SSB
antibody levels and correlation with clinical disease activity in patients with systemic lupus
erythematosus. Scandinavian Journal of Rheumatology 2002; 31:133-9.

78. Simmons-O'Brien E, Chen S, Watson R, Antoni C, Petri M, Hochberg M, Stevens MB, Provost TT.
One hundred anti-Ro (SS-A) antibody positive patients: a 10-year follow-up. Medicine 1995; 74:109-
30.

27



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

Hsieh SC, Yu HS, Lin WW, Sun KH, Tsai CY, Huang DF, Tsi YY, Yu CL. Anti-SSB/La is one of the
antineutrophil autoantibodies responsible for neutropenia and functional impairment of
polymorphonuclear neutrophils in patients with systemic lupus erythematosus.[comment]. Clin Exp
Immunol 2003; 131:506-16.

Mattioli M, Reichlin M. Characterization of a soluble nuclear ribonucleoprotein antigen reactive with
SLE sera. Journal of Immunology 1971; 107:1281-90.

Hoffman RW, Sharp GC, Deutscher SL. Analysis of anti-U1 RNA antibodies in patients with
connective tissue disease. Association with HLA and clinical manifestations of disease. Arthritis &
Rheumatism 1995; 38:1837-44.

Hoffman IE, Peene I, Meheus L, Huizinga TW, Cebecauer L, Isenberg D, De Bosschere K, Hulstaert
F, Veys EM, De Keyser F. Specific antinuclear antibodies are associated with clinical features in
systemic lupus erythematosus. Annals of the Rheumatic Diseases 2004; 63:1155-8.

Alarcon-Segovia D, Llorente L, Ruiz-Arguelles A. The penetration of autoantibodies into cells may
induce tolerance to self by apoptosis of autoreactive lymphocytes and cause autoimmune disease by
dysregulation and/or cell damage. Journal of Autoimmunity 1996; 9:295-300.

McClain MT, Arbuckle MR, Heinlen LD, Dennis GJ, Roebuck J, Rubertone MV, Harley JB, James
JA. The prevalence, onset, and clinical significance of antiphospholipid antibodies prior to diagnosis of
systemic lupus erythematosus. Arthritis & Rheumatism 2004; 50:1226-32.

Sherer Y, Gorstein A, Fritzler MJ, Shoenfeld Y. Autoantibody explosion in systemic lupus
erythematosus: more than 100 different antibodies found in SLE patients. Seminars in Arthritis &
Rheumatism 2004; 34:501-37.

Sinico RA, Bollini B, Sabadini E, Di Toma L, Radice A. The use of laboratory tests in diagnosis and
monitoring of systemic lupus erythematosus. Journal of Nephrology 2002; 15 Suppl 6:S20-7.
Boumpas DT, Chrousos GP, Wilder RL, Cupps TR, Balow JE. Glucocorticoid therapy for immune-
mediated diseases: basic and clinical correlates. Annals of Internal Medicine 1993; 119:1198-208.
Gladman DD, Urowitz MB, Rahman P, Ibanez D, Tam LS. Accrual of organ damage over time in
patients with systemic lupus erythematosus. Journal of Rheumatology 2003; 30:1955-9.
Charmandari E, Kino T, Chrousos GP. Glucocorticoids and their actions: an introduction. Annals of
the New York Academy of Sciences 2004; 1024:1-8.

Nambiar MP, Enyedy EJ, Fisher CU, Warke VG, Tsokos GC. High dose of dexamethasone
upregulates TCR/CD3-induced calcium response independent of TCR zeta chain expression in human
T lymphocytes. Journal of Cellular Biochemistry 2001; 83:401-13.

Heasman SJ, Giles KM, Ward C, Rossi AG, Haslett C, Dransfield I. Glucocorticoid-mediated
regulation of granulocyte apoptosis and macrophage phagocytosis of apoptotic cells: implications for
the resolution of inflammation. Journal of Endocrinology 2003; 178:29-36.

Griffiths SD, Goodhead DT, Marsden SJ, Wright EG, Krajewski S, Reed JC, Korsmeyer SJ, Greaves
M. Interleukin 7-dependent B lymphocyte precursor cells are ultrasensitive to apoptosis. Journal of
Experimental Medicine 1994; 179:1789-97.

Merino R, Ding L, Veis DJ, Korsmeyer SJ, Nunez G. Developmental regulation of the Bcl-2 protein
and susceptibility to cell death in B lymphocytes. EMBO Journal 1994; 13:683-91.

Ku G, Witte ON. Corticosteroid-resistant bone marrow-derived B lymphocyte progenitor for long term
in vitro cultures. Journal of Immunology 1986; 137:2802-7.

O'Keefe TL, Williams GT, Davies SL, Neuberger MS. Mice carrying a CD20 gene disruption.
Immunogenetics 1998; 48:125-32.

Anolik JH, Campbell D, Felgar RE, Young F, Sanz I, Rosenblatt J, Looney RJ. The relationship of
FcgammaRIIla genotype to degree of B cell depletion by rituximab in the treatment of systemic lupus
erythematosus. Arthritis & Rheumatism 2003; 48:455-9.

Anolik JH, Barnard J, Cappione A, Pugh-Bernard AE, Felgar RE, Looney RJ, Sanz I. Rituximab
improves peripheral B cell abnormalities in human systemic lupus erythematosus. Arthritis &
Rheumatism 2004; 50:3580-90.

Looney RJ, Anolik J, Sanz I. B lymphocytes in systemic lupus erythematosus: lessons from therapy
targeting B cells. Lupus 2004; 13:381-90.

Gorman C, Leandro M, Isenberg D. Does B cell depletion have a role to play in the treatment of
systemic lupus erythematosus? Lupus 2004; 13:312-6.

Kneitz C, Wilhelm M, Tony HP. Effective B cell depletion with rituximab in the treatment of
autoimmune diseases. Immunobiology 2002; 206:519-27.

28



101.

102.

103.
104.

105.

106.

107.

108.

109.

110.

111.
112.
113.

114.

115.

116.

117.

118.

119.

120.

121,

Tedder TF, Engel P. CD20: a regulator of cell-cycle progression of B lymphocytes. Immunology
Today 1994; 15:450-4.

Di Gaetano N, Cittera E, Nota R, Vecchi A, Grieco V, Scanziani E, Botto M, Introna M, Golay J.
Complement activation determines the therapeutic activity of rituximab in vivo. Journal of
Immunology 2003; 171:1581-7.

Anolik JH. Arthritis & Rheumatism 2003; 48:S594.

Looney RJ, Anolik JH, Campbell D, Felgar RE, Young F, Arend LJ, Sloand JA, Rosenblatt J, Sanz I.
B cell depletion as a novel treatment for systemic lupus erythematosus: a phase I/II dose-escalation
trial of rituximab. Arthritis & Rheumatism 2004; 50:2580-9.

Leandro MJ, Edwards JC, Cambridge G, Ehrenstein MR, Isenberg DA. An open study of B
lymphocyte depletion in systemic lupus erythematosus. Arthritis & Rheumatism 2002; 46:2673-7.
Leandro MJ, Edwards JCW, Ehrenstein MR, Cambridge G, Isenberg DA. B lymphocyte depletion in
the treatment of systemic lupus erythematosus. Arthritis & Rheumatism 2004; 50:S447.

Cambridge G, Leandro MJ, Stohl W, Ehrenstein MR, Teodorescu M, Mignone TS, Hilbert DM,
Isenberg DA, Edwards JC. Serological changes following B cell depletion therapy in systemic lupus
erythematosus: relationship with BLyS. Arthritis & Rheumatism 2004; 50:S645.

Sfikakis PP, Boletis JN, Lionaki S, Vigklis V, Fragiadaki KG, Iniotaki A, Moutsopoulos HM.
Remission of proliferative lupus nephritis following B cell depletion therapy is preceded by down-
regulation of the T cell costimulatory molecule CD40 ligand: an open-label trial.[see comment].
Arthritis & Rheumatism 2005; 52:501-13.

Silverman GJ. Anti-CD20 therapy in systemic lupus erythematosus: a step closer to the
clinic.[comment]. Arthritis and Rheumatism 2005; 52:371-77.

Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P, Close DR, Stevens RM,
Shaw T. Efficacy of B-cell-targeted therapy with rituximab in patients with rheumatoid arthritis. New
England Journal of Medicine 2004; 350:2572-81.

Cambridge G. Arthritis & Rheumatism 2002; 46:S1350.

Stohl W. A therapeutic role for BLyS antagonists. Lupus 2004; 13:317-22.

Gross JA, Dillon SR, Mudri S, Johnston J, Littau A, Roque R, Rixon M, Schou O, Foley KP, Haugen
H, McMillen S, Waggie K, Schreckhise RW, Shoemaker K, Vu T, Moore M, Grossman A, Clegg CH.
TACI-Ig neutralizes molecules critical for B cell development and autoimmune disease. impaired B
cell maturation in mice lacking BLyS. Immunity 2001; 15:289-302.

Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, Roschke V, Wu Y, Baker KP, Hilbert DM.
B lymphocyte stimulator overexpression in patients with systemic lupus erythematosus: longitudinal
observations. Arthritis & Rheumatism 2003; 48:3475-86.

Dorken B, Moldenhauer G, Pezzutto A, Schwartz R, Feller A, Kiesel S, Nadler LM. HD39 (B3), a B
lineage-restricted antigen whose cell surface expression is limited to resting and activated human B
lymphocytes. Journal of Immunology 1986; 136:4470-9.

Sato S, Tuscano JM, Inaoki M, Tedder TF. CD22 negatively and positively regulates signal
transduction through the B lymphocyte antigen receptor. Seminars in Immunology 1998; 10:287-97.
Sato S, Miller AS, Inaoki M, Bock CB, Jansen PJ, Tang ML, Tedder TF. CD22 is both a positive and
negative regulator of B lymphocyte antigen receptor signal transduction: altered signaling in CD22-
deficient mice. Immunity 1996; 5:551-62.

Engel P, Nojima Y, Rothstein D, Zhou LJ, Wilson GL, Kehrl JH, Tedder TF. The same epitope on
CD22 of B lymphocytes mediates the adhesion of erythrocytes, T and B lymphocytes, neutrophils, and
monocytes. Journal of Immunology 1993; 150:4719-32.

Leonard JP, Coleman M, Ketas JC, Chadburn A, Furman R, Schuster MW, Feldman EJ, Ashe M,
Schuster SJ, Wegener WA, Hansen HJ, Ziccardi H, Eschenberg M, Gayko U, Fields SZ, Cesano A,
Goldenberg DM. Epratuzumab, a humanized anti-CD22 antibody, in aggressive non-Hodgkin's
lymphoma: phase I/II clinical trial results. Clin Cancer Res 2004; 10:5327-34.

Kaufmann J, Wegener WA, Horak ID, Qidwai MU, Ding C, Goldenberg DM, Burmester GR, Dorner
T. Initial clinical study of immunotherapy in SLE using epratuzumab (humanized anti-CD22
antibody). Arthritis & Rheumatism 2004; 50:S447.

ter Borg EJ, Horst G, Hummel EJ, Limburg PC, Kallenberg CG. Measurement of increases in anti-
double-stranded DNA antibody levels as a predictor of disease exacerbation in systemic lupus
erythematosus. A long-term, prospective study. Arthritis & Rheumatism 1990; 33:634-43.

29



122.

123.

124.

125

126.

127.

128.

129.

Petri M, Genovese M, Engle E, Hochberg M. Definition, incidence, and clinical description of flare in
systemic lupus erythematosus. A prospective cohort study. Arthritis & Rheumatism 1991; 34:937-44.
Bootsma H, Spronk P, Derksen R, de Boer G, Wolters-Dicke H, Hermans J, Limburg P, Gmelig-
Meyling F, Kater L, Kallenberg C. Prevention of relapses in systemic lupus erythematosus.[see
comment][erratum appears in Lancet 1995 Aug 19;346(8973):516]. Lancet 1995; 345:1595-9.

Bijl M, Horst G, Bootsma H, Limburg PC, Kallenberg CG. Mycophenolate mofetil prevents a clinical
relapse in patients with systemic lupus erythematosus at risk. Annals of the Rheumatic Diseases 2003;
62:534-9.

Esdaile JM, Abrahamowicz M, Joseph L, MacKenzie T, Li Y, Danoff D. Laboratory tests as predictors
of disease exacerbations in systemic lupus erythematosus. Why some tests fail. Arthritis &
Rheumatism 1996; 39:370-8.

Gladman DD, Urowitz MB, Keystone EC. Serologically active clinically quiescent systemic lupus
erythematosus: a discordance between clinical and serologic features. American Journal of Medicine
1979; 66:210-5.

Wallace DJ, Tumlin JA. LJP 394 (abetimus sodium, Riquent) in the management of systemic lupus
erythematosus. Lupus 2004; 13:323-7.

Alarcon-Segovia D, Tumlin JA, Furie RA, McKay JD, Cardiel MH, Strand V, Bagin RG, Linnik MD,
Hepburn B, Consortium LJPI. LJP 394 for the prevention of renal flare in patients with systemic lupus
erythematosus: results from a randomized, double-blind, placebo-controlled study. Arthritis &
Rheumatism 2003; 48:442-54.

Cardiel MH, Tumlin JA, Furie RA, Wallace DJ, Hura C, Strand V, Foster T, Hu J, Heilbrunn KR,
Linnik MD. Clinical efficacy results from a RCT of LJP 394 in SLE patients with history of renal
disease. Arthritis & Rheumatism 2003; 40:S582.

30



