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ABSTRACT
Sjögren’s syndrome (SS) is a common autoimmune disorder characterized by
lymphocytic infiltration into exocrine glands. Disruption of target organ function, such
as salivary and lacrimal glands may lead to irreversible manifestations such as severe dry
eyes and mouth. A complex genetic architecture combined with the influence of
environmental factors is thought to contribute to the etiology of SS; however, the
pathophysiological basis of SS is poorly understood. To identify important molecular
pathways involved in SS and define biomarkers for clinical features of the disease, we
have used high-density oligonucleotide microarrays to compare global gene expression
profiles in peripheral blood samples of SS patients and controls. We first analyzed
mononuclear cells of 21 SS patients and 23 controls and identified a prominent pattern of
over-expressed genes that are inducible by interferons (IFNs). We then repeated the
analysis in whole blood of a second independent dataset of 17 SS patients and 22 controls
and observed the same pattern with respect to IFN inducible genes. Furthermore, we
observed that gene expression of IFN-inducible genes was positively correlated with
titers of anti-Ro/SSA (P<0.001) and anti-La/SSB (P<0.001) autoantibodies and
negatively correlated to salivary flow or tear production. Additional inflammatory and
immune-related pathways with altered expression patterns in SS cases included B and T
cell receptor, IGF-1, GM-CSF, PPARα/RXRα, and PI3/AKT signaling. Our results
strongly support innate and adaptive immune processes in the pathogenesis of SS and
provide numerous candidate disease markers for further study.

We also compared gene expression profiles between patients with SS and systemic lupus
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erythematosus (SLE). Systemic manifestations in SS patients are common and may
include clinical and serological overlap with other autoimmune disease features such as
SLE. The pathophysiology of common and distinct features of SS and SLE are poorly
understood. In this section of the study, we have directly compared gene expression
profiles in whole blood of SS patients and SLE patients to determine which genes are
differentially expressed in both phenotypes, and which genes distinguish the two patient
groups. Approximately 22,000 RNA transcripts were interrogated using the Affymetrix
U133A GeneChip®. Differentially expressed genes were defined using t-tests with
nominal significance of p<0.001 and average fold change of >1.5. Our gene expression
datasets included 35 Caucasian female SLE patients, 36 Caucasian female SS patients,
and 62 Caucasian female controls. We compared each group of SS (n=36) and SLE
(n=35) patients separately to the 62 controls. A total of 349 genes were differentially
expressed in SS patients and 625 genes were differentially expressed in SLE patients. Of
these two gene lists, 95 genes overlapped and were differentially expressed in both SS
and SLE patients, the majority of which are IFN-inducible. Among the non-overlapping
genes, ribosomal proteins were highly overexpressed in SLE patients but underexpressed
in SS patients relative to controls. These results show that SS and SLE patients have
identifiable gene expression signatures that are either common or distinct between the
two patient populations. Characterization of these profiles has significant potential to
facilitate development of improved diagnostic approaches and targeted therapies.
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CHAPTER I: INTRODUCTION AND BACKGROUND STUDIES

1. A. Clinical Manifestations of SS
Sjogren’s syndrome (SS) is a common condition that disproportionately affects women
by 9:1 and usually presents during the fourth or fifth decade of life. Estimates of the
prevalence of SS worldwide range from 0.5 – 1.5 (i.e., 500-1500 cases/100,000
population) (Manthorpe et al.,1981).

SS is a chronic, progressive exocrinopathy

characterized by infiltration and proliferation of lymphocytes into affected glands.
Affected patients commonly present with oral and ocular dryness, thought to be the result
of inflammatory cell-mediated gland dysfunction due to damage and/or functional
disruption of glandular tissue. The extent to which the exocrinopathy affects saliva and
tear production varies, but moisture can be virtually non-existent and lead to corneal
scarring, blurred vision, rampant dental caries, recurrent oral infections, and difficulty
with speaking, swallowing and eating (Lahita, 2000, Rhodus, 1999). Fatigue is a well
recognized component of SS that also has a major impact on quality of daily life, but for
which relatively little data is available. Studies have suggested that fatigue levels in SS
patients fluctuate and may be driven more by biological effects (such as cytokine and/or
hormonal fluctuations) than by psychological mechanims (Barendregt et al., 1998,
Godaert et al., 2002, Segal et al., 2008)

Rheumatologic manifestations of SS include myalgias, polyarthralgias, and Raynaud’s
phenomenon.

Approximately half of SS patients also have an accompanying
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autoimmune rheumatic disease, most commonly RA or SLE (Fox, 1996), in which SS is
considered secondary and may be defined by either keratoconjunctivitis or xerostomia (as
opposed to both, in the case of primary SS). Other connective tissue diseases which have
been associated with SS include scleroderma, primary biliary cirrhosis, fibromyalgia,
mixed connective tissue disease, and polymyositis. Several lines of evidence strongly
suggest that some level of sharing of etiological mechanisms exist for many of these
diseases.

Clustering of autoimmune diseases within families has been frequently

documented (Becker et al., 1998, Reveille et al., 1984) and autoimmune serologic
abnormalities are frequent (up to 55%, depending on the antibody specificity) in
otherwise healthy family members (Miles et al., 1993). Sharing of disease features
among related diseases also occurs. For example, patients with SLE or SS may share
similar symptoms (such as arthralgias, myalgias, fatigue, rashes, and visceral
involvement from vasculitis) or serological abnormalities such as antinuclear antibodies
(ANAs), anti-Ro/SSA, or anti-La/SSB autoantibodies (Fox et al., 2002).

Although dry eyes and dry mouth are the hallmark symptoms of SS, virtually all other
organs of the body may be affected. Dermal manifestations range from vaginal and skin
dryness to vasculitis.

Common pulmonary findings include interstitial pneumonitis,

chronic obstructive airway disease, and diffusion decrements across the alveolar
membrane (Segel et al., 1981). Gastrointestinal manifestations are frequent. Lack of
saliva contributes to problems with swallowing, esophageal dysmotility, and
neutralization of acid leading to esophageal spasms (Kjellen et al., 1986).

Liver

involvement and clinical hypothyroidism affects approximately 10% of SS patients
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(Lahita, 2000). SS patients may have renal tubular acidosis and renal stones, possibly
related to hypergammaglobulinemia (Eriksson et al., 1995).

Central and peripheral

nervous system disease is found in approximately 20% of primary SS patients (Alexander
et al., 1986). Multiple sclerosis-like demyelination in the brains of SS patients, abnormal
cerebrospinal fluid findings, peripheral neuropathies, and mononeuritis multiplex have
been described, but the significance with disease is not entirely clear (Satake et al., 1995).

Hematologic manifestations of Sjogren’s syndrome are common and can progress to lifethreatening malignant lymphoma.

Common features include leukopenias, increased

levels of serum and urinary paraproteins possibly resulting from increased occurrence of
polyclonal hypergammaglobulinemia, and type II mixed cryoglobulins containing an
IgM-κ monoclonal rheumatoid factor (Lahita, 2000). Oligoclonal B cells may transition
into monoclonality and manifest as angioblastic lymphadenopathy or pseudolymphoma.
Progression to lymphoma is thought to be related to chronic inflammatory challenges,
most likely driven first by type I cytokines (TNF-α, IL-2, and IFN-γ), then later with type
II cytokines (IL-4, IL6- and IL-10) (Jordan et al., 1996).

Initial transformation to

lymphoma may occur in the salivary gland, and the presence of B cell monoclonality in
labial minor salivary gland tissue is associated with progression to malignancy and
predictive of lymphomas arising outside of the salivary glands (Moutsopoulos et al,
1990). Most lymphomas occur in primary SS, and the prevalence has been estimated to
be approximately 3-5% (Lakshminarayanan et al., 1998). Relative risks for lymphoma
have been estimated to be 44 times that of normals, increasing to 67 in patients with
chronic parotid enlargement or 100 in patients with other cancers, radiation therapy, or
3

chemotherapy (Kassan et al., 1978 ).

1. B. Etiology and pathogenesis of Sjögren's syndrome
Sjögren's Syndrome (SS) is generally defined as a chronic inflammatory, multisystem
autoimmune disease that is characterized by progressive infiltration and proliferation of
lymphocytes in the affected glands composed primarily of CD4+ T cells. Because of the
dysfunctional exocrine glands, patients commonly suffer from oral and ocular dryness.
Despite several detailed studies on the molecular basis of SS, the mechanisms involved in
this lymphocyte mediated exocrine gland dysfunction are not clearly understood. Prior
studies on the etiology and pathogenesis of SS generally fall within the following
different categories:
¾

Studies on the characterization of the glandular infiltrate.

¾

Studies on the autoantibodies involved in pathogenesis.

¾

Studies on the autoantigens involved in SS.

¾

Studies related to the role of aquaporin in the pathogenesis of SS.

¾

Studies on the role of different viruses in the pathogenesis of the
disease.

¾

Studies of the possible role of apoptotic pathways.

¾

Studies on the salivary gland epithelial cells as non-professional
antigen presenting cells.

¾

Genetic association studies.
4

¾

Studies of different animal models of SS.

1. B. 1. Characterization of the glandular infiltrate. Lymphocytes that infiltrate
salivary and lacrimal glands are primarily CD4+ Tcells with a predominantly
proinflammatory Th1 cytokine profile (Fox et al., 1994).

Elevated levels of tumor

necrosis factor-α (TNFα), interferon-γ, TGF-β, interleukin 6, and interleukin 10 have
been detected in the conjunctivae and salivary glands of patients with SS (Pflugfelder et
al., 1999; Fox et al., 1994; and others). As a result of these observations, modulation of
cytokine levels in SS has become a potential therapeutic modality. The Th1 cytokine
TNFα appears to play an important role in the pathogenesis of SS since blockade of TNF
action is associated with improvement of the disease phenotype in a mouse model of SS
(Hunger et al., 1996). Furthermore, TNFα blockade also improved the symptoms in
patients with SS participating in a small, non-blinded study using a monoclonal antibody
against TNF, i.e., Infliximab® (Steinfeld et al., 2002). Despite the fact that TNF blockade
has been a valuable tool in the management of patients with RA, this mode of treatment
has not been effective in treating all autoimmune diseases. (McDevitt et al., 2002).

The organ infiltrating T cells are thought to have a role in SS pathogenesis through
activation of B cells and drawing other inflammatory cell types to the area via
chemokines (Tornwall et al., 1999). Chemokines can modulate the immune response by
regulating the trafficking of cells and by directing differentiation of T cells (Luther &
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Cyster, 2001). As an example, in patients with SS, the chemokine CXCL13 is expressed
by salivary gland epithelial cells and within ectopic germinal centers. This observation
suggests that chemokines could play a role in the development of chronic inflammatory
infiltrates (Salmonsson et al., 2002). It also suggests chemokines may promote the higher
incidence of high-affinity, class switched Ig and B cell lymphomas that are seen in SS
(Amft et al., 2002).

There have been limited studies that explain the phenotype of these infiltrating T cells.
Earlier studies have indicated that these cells mainly express the α/β T cell receptor and a
small proportion of them also express the γ/δ phenotype (Skoupouli et al., 1991). They
have also shown that the infiltrating lymphocytes can be stimulated to produce Ig and
rheumatoid factor RF in-vitro. A subpopulation of CD4+ T cells, traditionally thought of
as pathogenic, are now thought to have some regulatory capabilities (Shevach, 2001;
Sakaguchi, 2001; Read & Powrie, 2001).

While these cells express an activated

phenotype (CD25 is the alpha chain of the IL2 receptor), they can also downregulate or
modulate an immune response—possibly via the expression of CTLA4 or via the release
of IL10 and/or TGF-β.

The Non Obese Diabetic (NOD) mouse is a well-characterized mouse model of SS (Cha
et al., 2002; Yamano et al., 1999; Humpreys-Beher et al., 1999). NOD mice have been
shown to be deficient in this regulatory CD4+ T cell population (Wu et al., 2002),
suggesting a compromised ability to maintain peripheral tolerance.

6

Patients with

autoimmune diabetes (Kurkeja et al., 2002) and a population of individuals prone to
autoimmune disease (Sullivan et al., 2002) are known to be deficient in this population
type of regulatory T cells. The status of this specific population of regulatory T cells in
patients with SS is unknown. It is also known that the modulation of the CD4+CD25+
population by increasing numbers of these cells or increasing their effectiveness (to
downregulate an immune response) could initiate and promote the state of tolerance in
patients with SS. Therefore, this regulatory T cell population could represent a potential
therapeutic target as well as a predictive or diagnostic marker.

1. B. 2. Autoantibodies
Several autoantibodies have been reported to have a possible role in the pathogenesis of
SS. Examples include: anti-Ro/SSA, anti-La/SSB, anti-alpha fodrin, and the anti-M3
receptor antibody. The clinical significance of such antibodies in the development of the
disease in patients with SS is not yet clear. A research group has applied a protein
profiling approach or “proteomics” to develop an “autoantibody footprint” for patients
with various autoimmune diseases, including patients with SS (Robinson et al., 2002a).
Such profiling could be a valuable diagnostic and predictive tool and could potentially
lead to a specific DNA tolerizing vaccine (Robinson et al., 2002b).

Antinuclear antibodies in SS have been described for many years and the predominant
autoantibody specificities are for Ro/SS-A and La/SS-B. The prevalence of anti-Ro/SSA
and anti-La/SSB has been estimated to be 70%-90% and 50%-80%, respectively (Chan &
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Andrade, 1992; Harley et al., 1986). The above prevalence could change according to the
diagnostic criteria that are used to define the population of study and also depends on the
sensitivity of the methodology used to detect the antibody (i.e., ELISA versus western
blot analysis). In addition, anti-La/SSB correlates positively with focus score (Atkinson
et al., 1990). Moreover, it is known that anti-Ro/SSA and anti-La/SSB are not specific for
SS (i.e., anti-SSA is positive in approximately 50% of patients with SLE and found in
low titre in a small percentage normal adults). They also have not been tested in large
clinical populations of patients with SS containing the full spectrum of disease and
significant ethnic diversity.

Muscarinic (M3) receptors are the neurotransmission mediators of the salivary and
lacrimal glands (i.e., saliva and tear production). Studies have shown that serum from
patients with SS, but not from control patients, infused into the NOD.Igmu null mice
lacking functional B cells can stimulate saliva production. In addition, the IgG fraction or
F(ab’)2 fragments from parental NOD or from patients with SS competitively inhibits the
binding of the labeled muscarinic receptor agonist QNB (quinuclidinyl benzilate) to the
salivary gland membranes (Robinson et al., 1998). Based on these observations, we may
conclude that studies on anti-M3 receptor antibodies in SS as well as the regulation of the
M3 receptor in these patients could be an intriguing area for further research to
investigate the basic mechanisms involved in the role in M3 receptor function in the
pathogenesis of SS.
Several studies have analyzed the different subpopulations of circulating B cells in
patients with SS (Bohnhorst et al., 2002; Chen et al., 1997; Dauphinee et al., 1988). It
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seems that there are differences in specific subpopulations of activated B cells in patients
with SS that are not observed in normal controls or patients with RA (Bohnhorst et al.,
2002). Moreover, memory B cells in SS appear to accumulate in the salivary gland
instead of circulating in the periphery. This specific sequestration could eventually lead
to isotype switching (IgM to IgG), continued cell division of specific B cell clones, and a
karyotypic error could lead to neoplastic transformation. This could explain why patients
with SS have 44 fold increased risk for developing lymphoma when compared to normal
population (Kassan et al., 1978). Therefore, identification and tracking of specific B cell
populations and/or their products may be relevant for prediction of the spectrum of
disease in each specific individual.

1. B. 3.

Autoantigens. Many candidate autoantigens have been proposed for SS

(i.e., Ro/SSA, La/SSB, alpha amylase). Those that have received attention more recently,
such as alpha-fodrin, M3 receptor and ICA69 (Haneji et al., 1997; Winer et al., 2002),
have not yet been tested in large multi-ethnic populations. Limited patient populations
and available antigen, and also limited resources have delayed the epitope mapping of
these candidate autoantigens necessary for the development of a tolerizing vaccine. A
prototype ICA69 vaccine was tested a few years ago in the NOD mouse (Winer et al.,
2002), which caused a distinct decrease in the amount of lymphocytes infiltrating the
gland in 11/17 pooled animals (at 15, 20 and 35 weeks). However, 6 of the 17 mice
showed either no improvement or a significant increase in the amount of lymphocytes
infiltrating the salivary gland (Winer et al., 2002).
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1. B. 4. Aquaporins. Aquaporins (AQPs) are a family of proteins that form water
channels that allow movement of fluids (i.e., saliva and tears) across a plasma membrane
of secretory epithelia. Animal studies have shown that when the expression of AQP5 is
modified, salivary secretions may also be modified via alterations in water permeability
(Delporte et al., 1997; Ma et al., 1999; Moore et al., 2000). It is not yet well understood
whether the distribution of aquaporin 5 (AQP5) is altered in patients with SS compared to
controls (Steinfeld et al., 2002; Tsubota et al., 1995; Beroukas et al., 2001). However,
there are some interesting data that have suggested an alteration in the distribution of
AQP5 in humans, and that neutralizing the action of TNF increases the secretion of
AQPs. Some studies have reported that a greater than 2-fold increases in the level of
AQP5 occurs in the tear fluid of patients with SS when compared to control patients
(Ohashi et al., 2002). Therefore, the modulation of the aquaporin’s function still remains
an interesting therapeutic target for treatment of SS, and it could also serve as a potential
marker for diagnosis.

1. B. 5. Viruses in Sjögren's Syndrome. For many years, different groups of
scientists have considered about a viral etiology in the development of SS. There is a
long list of potential viral triggers that includes viruses such as Epstein-Barr virus,
cytomegalovirus, human herpes virus 6, hepatitis C virus, and a number of retroviruses.
Certain types of these viruses are known to cause an inflammatory response in the
salivary and lacrimal glands that resembles the inflammatory response in SS. Some viral
fragments have also been detected in the salivary glands and lacrimal glands of patients
10

with SS (Fox et al., 1986; Talal et al., 1990; Pflugfelder et al., 1990; Tsubota et al., 1995).
However, it is difficult to conclude whether these viral elements are the primary cause of
the disease or are secondary to the consequences of autoimmune response observed in
SS. Clinical trial of Zidovudine (AZT), an inhibitor of reverse transcriptase, showed
some efficacy in objective parameters measuring ocular dryness and all subjective
outcome measures (Steinfeld et al., 1999). However, it is also possible that anti-retroviral
medications may have a non-specific effect on the immune response that could inhibit the
progression of SS without having an actual viral causative factor in place for disease
development.

1. B. 6. Dysregulated Apoptosis. Apoptosis is an important homeostatic cellular
mechanism by which individual cells commit suicide through specific programmed cell
death machinery. The body uses this mechanism to prevent cellular overgrowth and to
eliminate cells that are no longer functional or needed. Dysregulation of apoptotic
pathways is known as an important mechanism in the pathogenesis of several diseases,
including cancer.

Although apoptosis is an important mechanism in several diseases, its role in the
pathogenesis of SS is not yet clear (Ohlsson et al., 2001). A two-stage model of
pathogenesis was proposed as a hypothesis in which glandular epithelial cells would
undergo apoptosis via FAS/FAS ligand expression (Ogawa et al., 1995). In the second
stage,

the consequential

death of these epithelial

cells

may

lead to the

generation/exposure of autoantigens, which could eventually attract activated
11

lymphocytes and create a cycle of autoimmune reactivity. Other groups have also
suggested a mechanism involving resistance to apoptosis by infiltrating lymphocytes as
an explanation for their accumulation in the affected gland. Furthermore a different
mechanism has been proposed in which salivary gland acinar cells may have an increased
susceptibility to apoptosis and subsequent loss of their secretion ability.

1. B. 7. Salivary Gland Epithelial Cells. Evidence suggests that salivary gland
epithelial cells could have an active rather than a passive role in the pathogenesis of SS.
Some studies suggest that these cells may have the ability to act as non-professional
antigen presenting cells resulting in the direct activation of T- and possibly Blymphocytes. These cells are known to express markers that are commonly associated
with activated lymphocytes. Examples of such markers are HLA-DR, CD80, CD86, and
ICAM (Moutsopoulos et al., 1986). In addition, they express chemokines and chemokine
receptors, suggesting an ability to attract additional immune response cells. Salivary
gland epithelial cells may also modulate an immune response via the secretion of matrix
metalloproteinases (MMPs) (Perez et al., 2000; Wu et al., 1997) and cytokines (Fox et al.,
1994). MMPs can increase the amount of circulating TNF by converting the molecule to
its active form (McGeehan et al., 1994). Therefore, the salivary gland epithelial cells
may play a role in the pathogenesis of SS through driving the immune response as active
participants, rather than passive targets. However this does not provide sufficient
evidence to fully address the causative factors that eventually lead to development of SS.

1. B. 8. Genetics. Epidemiological studies have shown that the vast majority of
12

SS patients (approximately 90%) are female. This suggests a role for hormonal changes
and/or the genetic factors related to gender. At this time, there is not a strong consensus
on a unique HLA locus or HLA gene product for SS; and studies from different ethnic
groups have produced inconsistent results. In fact, there is no large-scale multi-ethnic
study that has specifically addressed the genetics of patients with primary SS. Several
family studies of patients with sicca symptoms have shown clustering of SS, other
autoimmune diseases, abnormalities of lymphocyte function, and autoantibodies in
family members with SS (Fox 1992). The findings of this study seem to be consistent
with findings of a later study by Becker et al., (1998). They examined 23 published
autoimmune or immune mediated disease genome wide scans from both humans and
animal disease models and found a majority (>65%) of the positive linkages mapped non
randomly into 18 distinct clusters.

In terms of genetic basis, SS is likely signifies a complex trait disorder, in which several
dysfunctional genes may be interacting with each other to produce the variable disease
manifestations or induce the development of disease. This complexity as well as the role
of environmental factors could complicate the ultimate analysis, however, it is very
important to define specific human genotypes that contribute to the development of SS.
This area of research can build on results from the Human Genome Project listing genes
on all chromosomes and the subsequent availability of a dense genome wide SNP (single
nucleotide polymorphism) map.

1. B. 9. Animal Models. Studies of animal models that mimic the pathological
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findings of SS provide strong genetically modified tools that offer significant novel
insights about the pathogenesis of SS. In the past, there was been little tendency among
scientists for the acceptance of an animal model to study the pathogenesis of SS. One of
the first animal models was reported in the study of Hunger et al. (1996), which
expressed a soluble p55 TNF receptor (neutralizing TNF) in a NOD congenic mice strain.
By generating this model they were able to show some improvement in both salivary and
lacrimal parameters. On the basis of these findings and others, neutralization of TNF is
now being tested in clinical trial as a novel therapeutic approach for the treatment of SS
patients. There are other mouse models that affect the expression of the ICA69 antigen
(Winer et al., 2002) and the alpha fodrin antigen (Haneji et al., 1994).

The NOD mouse, which is a spontaneous animal model of SS (Humphreys-Behr 1999;
Yamano et al., 1999), demonstrates intense lymphocytic infiltrates in the salivary and
lacrimal gland that are also predominantly CD4+ T lymphocytes. Furthermore, multiple
salivary components in patients with SS are also found in the secretions/body fluids of
NOD mice (i.e, MMPs, cytokines, chemokines and antibodies).

The Mrl/lpr and the (NZB x NZW)F1 (Greenspan et al., 1974b and 1974c) strains have
also been used to study the pathogenesis of SS. Other studies by Japanese investigators
using the NFS/sld mouse have reported the candidate autoantigen alpha fodrin (Haneji et
al., 1997). The Japanese population of patients with SS has a T cell response to this
antigen and demonstrates circulating antibodies to alpha fodrin. T cells from the NOD
mouse also demonstrate a T cell response to alpha fodrin (with a predominantly Th1
14

profile) and circulating antibodies. A possible explanation could be that different ethnic
populations may have a T cell response to alpha fodrin and antigen specific antibodies.
Using such animal models, which are genetically tractable, we can learn about the
relevance or contribution of a specific gene (using existing or developing specific gene
targeted transgenic mouse models) to the development and pathogenesis of SS.
Furthermore, potential novel therapeutics that can target the activity of these genes could
be rapidly tested on such animal models for their clinical potency, toxicity, etc…

1. C. Diagnostic Criteria for SS
Difficulties regarding the diagnosis of SS and patient classification have slowed down
research in SS. American, European, Japanese, and Greek investigators have proposed
nine different sets of criteria for the diagnosis of SS (Bloch et al., 1965, Daniels et al.,
1975, Manthorpe et al., 1981, Manthorpe et al., 1986, Homma et al., 1986, Skopouli et
al., 1986, Fox et al., 1986, Vitali et al., 1993, Vitali et al., 2002). There has been many
debates raised about whether or not a given set of criteria requires evidence of ocular,
oral and autoimmune involvement. Furthermore, some of the subjective symptoms may
be included that are not necessarily reliable, and proposed measurements of oral, ocular,
and autoimmune involvement may permit choosing alternative tests for each component
that are not clinically or diagnostically equivalent.

Drs. Claudio Vitali and Troy Daniels initiated the formation of an International Sjogren’s
Syndrome Diagnostic Criteria Group, which eventually helped to address these issues.
15

Their efforts finally led to publication of an American-European consensus report
describing a revision of the 1993 European criteria (Vitali et al., 1993, Vitali et al., 2002).
As described under 1. B. 1, these criteria may be met using multiple definitions. A “4 of
6” criteria in which item no. 4 and/or 6 must be present along with at least 3 other items;
and a “3 of 4” criteria using only the objective items (no. 3,4,5,and 6) will qualify.
Therefore, by the most recently proposed criteria, having positive histopathology or
autoantibodies with additional criteria in varying combinations in a patient is required to
be classified with primary SS.

In practice, application of various clinical tests for SS often results in inconsistent
outcomes. Diagnosis in practice relies mainly on a clinician’s impression and is not fully
based on any of the published diagnostic criteria. Involvement of multiple different
specialties of ophthalmology/optometry, oral medicine/dentistry, and
rheumatology/internal medicine may also complicate diagnosis and treatment. This is in
contrast to related systemic autoimmune rheumatic diseases such as SLE or RA, which
are often diagnosed and treated primarily within the specialty of rheumatology.
Microarray studies have the potential to determine a molecular signature of SS that could
overcome the complexities involved in clinical diagnosis as well. The potential for
identification of novel biomarkers unique to SS that can be readily measured in clinical
settings is also substantial, and thus an extremely important opportunity exists to make
significant progress in resolving many of these issues of diagnosis and classification of
patients.
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1. C. 1. Revised European Classification Criteria For Sjögren’s Syndrome
Vitali, et al. (2002) proposed the following criteria, which is now the most widely used
for classification of SS:
I. Ocular symptoms:

a positive response to at least one of the following three

questions:
o Have you had daily, persistent, troublesome dry eyes for more than three months?
o Do you have a recurrent sensation of sand or gravel in the eyes?
o Do you use tear substitutes more than three times a day?
II. Oral symptoms: a positive response to at least one of the following three questions:
o Have you had a daily feeling of dry mouth for more than three months?
o Have you had recurrently or persistently swollen salivary glands as an adult?
o Do you frequently drink liquids to aid in swallowing dry foods?
III. Ocular signs: objective evidence of ocular involvement defined as a positive result
for at least one of the following two tests:
o Shirmer’s I test, performed without anesthesia (≤ 5mm in 5 minutes)
o Rose Bengal score or other ocular dye score (≥ 4, according to the Bijsterveld’s
scoring system)
IV. Histopathology:

in minor salivary glands (obtained through normal-appearing

mucosa) focal lymphocytic sialoadenitis, evaluated by an expert histopathologist, with a
focus score ≥ 1, defined as a number of lymphocytic foci which are adjacent to normalappearing mucous acini and contain more than 50 lymphocytes per 4 mm2 of glandular
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tissue.
V. Salivary gland involvement: Objective evidence of salivary involvement defined by
a positive result on at least one of the following diagnostic tests:
o Unstimulated whole salivary flow (≤ 1.5 ml in 15 minutes)
o Parotid sialography showing presence of diffuse sialectasias (punctate, cavitary or
destructive pattern), without evidence of obstruction in the major ducts
o Salivary scintigraphy showing delayed uptake, reduced concentration and/or
delayed excretion of tracer
VI. Autoantibodies: presence in the serum of the following autoantibodies:
o Antibodies to Ro/SSA or La/SSB antigens, or both
For primary SS: In patients without any potentially associated disease, primary SS may
be defined as follows:
1. The presence of any 4 out of the 6 items is indicative of primary
SS, as long as either item IV (Histopathology) or VI (Serology) is
positive.
2. The presence of any 3 of the 4 objective criteria items (i.e. items
III, IV, V, VI)
3. The classification tree procedure represents a valid alternative
method for classification although it should be more properly used
in clinical-epidemiological surveys.
For secondary SS: In patients with a potentially associated disease (for instance, another
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well-defined connective tissue disease), the presence of item I or item II plus any 2 from
among items III, IV, and V may be consider as indicative of secondary SS.

Exclusion criteria: Past head and neck radiation therapy, Hepatitis C infection, acquired
immunodeficiency disease (AIDS), pre-existing lymphoma, Sarcoidosis, graft vs. host
disease, use of anti-cholinergic drugs (since a time shorter than 4-fold half-life of the
drug).

1. D. Complications, prevention and treatment strategies of
Sjögren's Syndrome
Earlier studies have shown that the pathological process related to SS could be prevented
or significantly decreased in certain animal models of autoimmune disease if the
therapeutic agent or vaccine is given early (i.e., before the start of disease
manifestations). However, based on studies of other autoimmune disease models, once
the disease process has progressed beyond a certain state, preventing or arresting the
disease process is much more difficult (Chatenoud et al., 1994).

At this time, we do not have a curative treatment for human SS and treatment requires
collaborative participation by various specialists. However, we know that if treatments
are provided effectively, they could manage potentially life-threatening systemic
complications and prevent or greatly reduce potential damage to the cornea and teeth,
which eventually results in alleviation of patients’ symptoms and suffering.
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Ocular manifestations of SS are generally treated by ophthalmologists. These treatments
are based on three goals:
o Improve the retention of patients’ diminished tear volume by
closing the lacrimal puncta, either temporarily or permanently.
o Replace some tear functions through the use of artificial tears.
o Treat various ocular complications that can lead to scarring of the
cornea, such as infections of the lids, conjunctiva and cornea with
Staphylococcus aureus or other opportunistic organisms that may
colonize the dry eye.
There are different forms of artificial tears, but those in multidose containers require a
preservative, to which some patients develop hypersensitivity, requiring that they use
preservative-free tears. There are some initial reports showing that cholinergic drugs
increase tear secretion in patients with SS (Petrone et al., 2002). Bromhexine, a mucolytic
agent used in may foreign countries, increases tear film stability and may increase tear
production in patients with SS. However, it does not decrease ocular surface rose bengal
staining nor significantly improve patients symptoms (Pflugfelder 1996).

Dentists specialized in oral pathology generally handle the treatment of the salivary and
oral components of SS. Their treatment strategy usually follow these four goals:
o Prevention of dental caries utilizing: patient education about diet, oral
hygiene and fluoride supplements; professionally-applied and patient20

applied topical fluoride preparations; and dental restoration with
procedures and materials appropriate to an oral environment of chronic
salivary hypofunction.
o Stimulation of salivary flow with systemically administered drugs, such as
pilocarpine or cevimeline, and physiological stimulation with topical use
of sugar-free lozenges or gum.
o recognition of chronic erythematous candidiasis, which occurs in about
one third of SS patients, and using appropriate antifungal drugs to reduce
oral symptoms, even with continuing salivary hypofunction (Hernandez et
al., 1989).
o Selective use of saliva substitutes, which can be helpful for some patients
with severe chronic hyposalivation (reviewed in Daniels 2000 and in
Daniels & Wu 2000).

Other organ specific manifestations require treatments that involve internists and
rheumatologists. Those conditions can include myalgias, polyarthralgias, fatigue and
Raynaud’s phenomenon, organ-specific diseases such as chronic interstitial lung disease,
atrophic gastritis, peripheral neuropathy, and renal tubular acidosis, or hematological
diseases

(e.g.

non-thrombocytopenic

purpura,

leukopenia,

and

hypergammaglobulinemia). There are some potentially life-threatening complications as
well such as primary biliary cirrhosis or a non-Hodgkins B-cell lymphoma. Without
having a curative treatment for the underlying process of SS, physicians are limited to
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using various analgesics and anti-inflammatory agents such as corticosteroids or
cytotoxic drugs. Small open-label studies have shown some clinical benefit of
hydroxychloroquine in selected patients with SS (Fox et al., 1996; Tishler et al., 1999).
However, a double blind, cross over, placebo controlled study showed no clinical benefit
(Kruize et al., 1993).

As mentioned above, patients with SS have an increased risk of developing malignant
lymphoma (Kassan et al., 1978), now classified as marginal zone (MALT) lymphoma.
Some studies have retrospectively examined predisposition of lymphoma based on
immunoglobulin (Ig) monoclonality, (Jordan et al., 1995a) but prospective assessment
has not been undertaken (Diss et al., 1993). Such studies will be possible using DNA
derived from tissue banks.

Ig monoclonality studies may also be applied to DNA

obtained from a range of sources including serum, labial salivary gland biopsies, saliva
and lacrimal fluid. Such studies may allow a screening test to predict the development of
lymphoma. Treatment of such malignancies as complications of SS is generally similar to
the lymphomas arising from non-SS pathological conditions.

1. E. Microarray technology and its applications
Genome-wide expression analysis using microarrays (gene chips) offer important
opportunities for studies on diseases that are not well understood, such as SS. Such
studies could potentially lead to the discovery of novel genes that contribute to the
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etiology and pathogenesis of SS. Microarrays allow the simultaneous measurement of
expression levels of thousands of genes, which provide a unique profile of increased or
decreased gene expression in the affected tissues obtained from patients. Molecular
expression profiles using microarray analysis in lymphoma and melanoma have
suggested alternative taxonomy based on molecular differences in the expression of novel
genes (Alizadeh et al., 2000; Bittner et al., 2000).

One major step in microarray studies of patients samples is the purification of high
quality mRNA from patient samples. It is because such studies rely on the hybridization
of a probe sample to multiple defined genomic DNAs, cDNAs, expressed sequence tags
(ESTs), or oligonucleotides that have been printed onto specific locations of a solid phase
or “chip” (Shalon et al., 1996). The probe sample is usually cDNA or cRNA fragments
produced by reverse transcription of patient derived mRNA, labelled with a fluorescent
marker, and hybridised to the microarray.

Varying fluorescent emissions of the

hybridized array reflects the mRNA level present in the sample.

In earlier studies, microarray technology has been most often applied to different types of
cancer in which novel expressed genes can been identified in tumors when compared to
normal tissues. A variety of statistical methods, described in more detail below, are used
to analyze microarray data, depending on the experimental question. Statistical methods
such as hierarchal clustering are usually performed to find subsets of previously
indistinguishable patient samples that are clustered together based on their expression
profiles. An important advantage of this technology is the ability to identify novel genes
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and pathways that may be important in the disease but for which no prior relationship
was anticipated, thus potentially opening completely new avenues for investigation.

Microarray technology can be applied to a range of biological and clinical questions. For
example, comparisons could be made between patients with SS and those without it;
those who respond to anti-TNF therapy and those who don’t; or those who develop low
grade marginal zone lymphoma compared with those who progress to high grade disease.
Descriptive and diagnostic “footprints” of a patient’s disease status and/or activity may
be developed using specifically designed chips for the SS population such as TNF
signaling pathways, cytokine profiles, or markers of apoptosis.

Once microarray studies identifies some potentially important genes or pathways that are
over- or under-expressed, then each set of findings could be confirmed by demonstrating
expression alterations of specific genes in biological samples using quantitative PCR
(tissue, serum, saliva) (Macabeo-Ong et al., 2002; Jordan et al., 1995a) or by in situ tissue
hybridization (Jordan et al., 1995b).

Eventually such studies may lead to the

identification of biomarkers associated with disease onset, progression, and remission.

In addition to searching at the DNA level for genes influencing human diseases, there is
also great interest in examining mRNA expression levels for insights into potentially
disrupted molecular pathways. While it is possible to identify a gene of interest based on
its own differential expression pattern in health in disease (Rozzo et al. 2001), it is
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perhaps more likely that genetic variation will be detectable by coordinate changes in the
expression patterns of downstream genes. Consequently the ability to measure the
expression levels of many genes in parallel is an important advance in biotechnology.
Several alternative methods exist for detecting and quantifying large numbers of mRNA
transcripts simultaneously and include differential display (Liang and Pardee 1992) and
serial analysis of gene expression (Pease et al. 1994).

1. E. 1 Microarray Methods. DNA microarray technology was first developed in the
1990s as a means for the simultaneous measurement of many mRNA transcript levels in a
single assay (Schena et al. 1995). The microarray itself consists of a series of DNA
fragments (“probes,” usually cDNA fragments or oligonucleotides) deposited as an
ordered, high-density array onto a solid support surface such as a glass slide or filter. The
labeled “target” (representing the original mRNA sample of interest) is hybridized to the
array, and intensity readings taken from the scanned array are translated into quantitative
gene expression measurements. Two main types of microarrays are spotted
complementary DNA (cDNA) arrays and in situ synthesized oligonucleotide arrays. For
spotted cDNA arrays, labeled targets are generated by reverse transcription (RT) of
mRNA into cDNA, which is labeled either during the RT step (direct labeling by using
fluorescently tagged nucleotides in the RT reaction) or afterwards (indirect labeling by
incorporating an amino allyl dUTP during RT and later coupling the free amine group to
a fluorescent dye). One of the earliest published microarray experiments employed
robotic printing of cDNA fragments onto a glass slide for measurement of 45 Arabidopsis
genes (Schena et al. 1995). The strategy employed in this experiment is an example of the
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two-color hybridization approach, whereby targets generated from two RNA samples
(e.g. experimental and control) are separately labeled with different fluorochromes (e.g.
Cy3 and Cy5) and then pooled together before hybridization to the array. Typically the
same control target serves as a reference sample to be paired with each experimental
sample. Thus, the intensity of fluorescence from each experimental sample is normalized
relative to the fluorescence intensity of the reference sample, allowing comparison among
the experimental samples. As an alternative to the two-color hybridization scheme, many
commercially-produced microarrays such as Affymetrix GeneChips are designed for
hybridization with only one sample (Pease et al. 1994). Affymetrix GeneChips are
produced by a photolithographic manufacturing process and contain multiple 25-mer
oligonucleotide probes for each transcript. Each probe set, a collection of probes designed
to bind the same sequence, consists of pairs of perfect match and mismatch probes.
Mismatch probes contain a single base change in the central nucleotide and thus provide
a means for quantifying and subtracting out nonspecific hybridization signals. The human
GeneChip has evolved into a whole genome chip, with probe sets representing over
47,000 transcripts derived from approximately 39,000 of the best characterized human
genes. To prepare targets for GeneChip hybridization, cDNAs generated by RT from the
original RNA sample are used as templates for an in vitro transcription reaction that
incorporates biotin-labeled nucleotides into the cRNA target. Following hybridization of
the target to the chip, PEstreptavidin is used to fluorescently label any bound target. Since
only one target sample is hybridized per chip, comparison between samples is done by
performing mathematical normalization of the data (Bilban et al. 2002). Common
methods of normalization include scaling the overall chip intensity to a common arbitrary
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value and normalizing with a set of genes whose expression is thought to be invariant
across the samples studied (e.g. housekeeping genes).

1.E.2.

Data analysis methods in microarray studies. Microarray data analysis

approaches commonly fall in to one of three categories: (i) class comparison, (ii) class
discovery, and (iii) class prediction. Class comparison is used to identify transcripts that
are differentially expressed between two or more predefined groups (e.g. patients and
controls). Comparison typically involves a combination of statistical tests and/or analysis
of fold-change in expression between the classes of interest. Class discovery is used to
identify subsets of samples from a heterogeneous sample pool in which the subsets may
not be discernable by other methods (e.g. by common histological techniques). Partition
or centroid algorithms such as k-means clustering or self-organizing maps are often used
for class discovery in large microarray datasets (Jain and Dubes 1988; Kohonen 1997).
Class prediction is perhaps one of the most exciting aspects of microarray experiments.
Supervised prediction methods utilize a subset of samples (representing all of the classes
of interest) to generate a mathematical model that best distinguishes the samples
according to their known class labels. The model is then tested on the set of samples that
were withheld from the training in order to assess its general applicability. Models that
exhibit high sensitivity and specificity on the test set are good candidates for prognostic
applications. Examples of class prediction methods often used in analysis of microarray
data include support vector machines (Brown et al. 2000; Vapnik 1998) and k-nearest
neighbor prediction (Mitchell 1997; Pomeroy et al. 2002).
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Unsupervised, agglomerative hierarchical clustering is often used to visualize the results
of a microarray experiment (Eisen et al. 1998b). With this technique, each gene
expression vector (i.e. sample or gene) begins in its own cluster. Each iteration of the
algorithm results in joining of the two most similar items, as determined by the user’s
choice of similarity metric (e.g. Pearson’s correlation coefficient), to form a new cluster.
Several clustering algorithms exist that differ in their means of determining the distance
between two clusters when each cluster consists of multiple items. These include average
linkage (which uses the average distance between all pairs of items in the cluster), single
linkage (the distance between the closest pair of items), and complete linkage (the
distance between the farthest pair). This process of joining two clusters is repeated until a
single cluster remains and the data are presented in a hierarchical tree structure.

1.E.3. Applications of microarray studies in human disease. Gene expression
microarrays have been used to study a variety of human malignancies including
lymphoma (Alizadeh et al. 2000), melanoma (Bittner et al. 2000), prostate cancer
(Dhanasekaran et al. 2001), and breast cancer (van de Vijver et al. 2002). Staudt and
colleagues pioneered the use of microarrays in human cancers with the development of
the lymphochip (Alizadeh et al. 1999), a specialized microarray containing probes for
transcripts of interest in normal and malignant lymphocytes. This group used microarray
profiling of tumor tissue samples to establish a molecular classification of lymphoid
malignancies (Rosenwald and Staudt 2003). Diffuse large B cell lymphoma (DLBCL), a
disease originally thought to be of homogenous molecular origin, was found to be
comprised of two molecularly distinct subtypes whose expression patterns resemble those
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of B cells at different stages of development (Alizadeh et al. 2000). Importantly, these
two subtypes were associated with markedly different prognoses; the subtype resembling
normal germinal center B cells had good prognosis following chemotherapy, while the
subtype resembling activated blood B cells was associated with poor survival outcome.
These findings allowed the authors to later identify six genes whose expression (as
determined by quantitative real-time RT-PCR) were used to create a model that
successfully predicted patient survival when tested on two independent data sets (Lossos
et al. 2004). These studies demonstrated the utility of gene expression profiling in
recognizing clinically distinct subsets of a disease that previously were indistinguishable
by conventional methods.

Several studies of global gene expression in autoimmune diseases have been reported.
Gene expression profiling of brain lesions from autopsies of 33 patients with multiple
sclerosis (MS) identified gene expression patterns that were specifically associated with
two distinct types of MS lesions, acute inflammatory lesions and silent non-inflammatory
lesions (Lock et al. 2002). Their findings were validated by using two gene products as
therapeutic

targets

in

a

murine

model

of

MS

(experimental

autoimmune

encephalomyelitis, or EAE). Gene expression analysis of rheumatoid synovium suggests
that there might be two subtypes of rheumatoid arthritis (RA) tissues, one with gene
expression patterns characteristic of an adaptive immune response and another
resembling that of activated fibroblasts (van der Pouw Kraan et al. 2003).

Another study of gene expression in the peripheral blood of patients with SLE, RA, type I
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diabetes, and MS revealed a set of genes whose expression was similar among all the
autoimmune phenotypes but differed from normal controls and immunized controls, who
served as a model of the normal immune response (Lock et al. 2002). The recent
technology of laser-capture microscopy, by which RNA can be isolated from individual
cells, was used to examine gene expression in single glomeruli isolated from lupus
clinical biopsy specimens and identified two main sub-groups of lupus nephritis on the
basis of gene expression profile (Peterson et al. 2004).

Interpretation of microarray studies in autoimmune disease relies on the ability to discern
molecular signatures of normal immunologic processes. The ability to detect gene
expression signatures relevant to the immune system was powerfully demonstrated by
Staudt and colleagues, who have catalogued gene expression profiles associated with
lymphocyte lineage and developmental stage, cellular physiology (e.g. proliferation), and
immune signaling pathways (Shaffer et al. 2001). Brown and colleagues investigated the
extent and nature of normal variation in gene expression in human blood (Whitney et al.
2003b). Specific expression patterns were identified that correlated with variation in the
percent composition of blood cell subsets, gender and age of the blood donor, and the
time of day at which blood was drawn. Despite the extent of variation in gene expression
among normal donors, they found that much greater variation is observed when
comparing human disease samples against normal controls. These findings support the
utility of global gene expression profiling of peripheral blood samples in the study of
human disease.
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1. F. The hypothesis of this study
The main hypothesis underlying this study is that SS patients have a “specific” gene
expression signature in the peripheral blood cell that distinguishes them from normal
individuals. Using microarray technology, which allows quantitative measurements of
expression level of thousands genes simultaneously, we aim to identify new genes and
biological pathways dysregulated in SS that provide important new clues regarding
pathogenesis of this disorder.

1. G. The specific aims of the study
The objectives of this study could be summarized under the following specific aims:

o Identify differentially expressed genes in the peripheral blood cells of
SS compared to control subjects.
o Validate gene expression signatures in an independent SS cohort.
o Explore correlations between clinical features and genes that are
differentially expressed.
o Identify clinically relevant biological pathways that are dysregulated in
subsets of SS patients.
o Compare gene expression patterns of SS patients to SLE patients and
define gene expression signatures that are either common or distinct
between the two patient populations.
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Sjögren’s syndrome (SS) is a common chronic autoimmune disease characterized by
lymphocytic infiltration of exocrine glands. Affected cases commonly present with oral
and ocular dryness, thought to be the result of inflammatory cell-mediated gland
dysfunction. To identify important molecular pathways involved in SS, we used highdensity microarrays to define global gene expression profiles in peripheral blood. We
first analyzed 21 SS cases and 23 controls and identified a prominent pattern of
overexpressed genes that are inducible by interferons (IFNs).

These results were

confirmed by evaluation of a second independent dataset of 17 SS cases and 22 controls.
Additional inflammatory and immune-related pathways with altered expression patterns
in SS cases included B and T cell receptor, IGF-1, GM-CSF, PPARα/RXRα, and
PI3/AKT signaling. Exploration of these data for relationships to clinical features of
disease revealed that expression levels for most IFN-inducible genes were positively
correlated with titers of anti-Ro/SSA (P<0.001) and anti-La/SSB (P<0.001)
autoantibodies. Diagnostic and therapeutic approaches targeting IFN signaling pathway
may prove most effective in the subset of SS cases who produce anti-Ro/SSA and antiLa/SSB autoantibodies.

Our results strongly support innate and adaptive immune

processes in the pathogenesis of SS and provide numerous candidate disease markers for
further study.

2. A. Introduction
Lymphocytic infiltration into exocrine glands is a hallmark of Sjögren’s syndrome (SS)
pathogenesis. Disruption of target organ function, particularly salivary and lacrimal
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gland secretion, may lead to severe and irreversible damage. The extent to which the
exocrinopathy affects saliva and tear production varies, but moisture can be virtually nonexistent and lead to corneal scarring, blurred vision, rampant dental caries, recurrent oral
infections, and difficulty with speaking, swallowing and eating (Rhodus 1999; Lahita
2000). Extraglandular manifestations in SS are also common, heterogeneous, and may
involve the skin and genitourinary tracts, as well as the hematologic, neurologic,
respiratory, gastrointestinal, vascular, and musculoskeletal systems. Approximately half
of SS cases experience lymphocytic mediated organ damage (Masaki and Sugai 2004).
Increased risk of lymphoma in SS cases has been established, with estimates as high as
44-fold (Vitali, Bombardieri et al. 2002). Approximately half of SS cases present an
accompanying autoimmune rheumatic disease, most commonly rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE), or scleroderma(Fox 1996).
The molecular basis of SS is not well defined, but includes production of
autoantibodies, dysfunction of molecular water transport processes, dysregulation of
apoptosis, and cytokine activity abnormalities4; 6-8. A role for viral infection in SS has
long been suspected but difficult to establish. Numerous viruses have been considered,
including Epstein-Barr virus (EBV), cytomegalovirus, hepatitis C virus, human herpes
virus 6, coxsackie virus and several retroviruses (James, Harley et al. 2001;
Triantafyllopoulou, Tapinos et al. 2004). Specific evidence supporting these candidate
viruses vary, but include such properties as the ability to directly infect cells in the
salivary gland and/or immune system, sequence similarities between viral proteins and
autoantigens (particularly La/SSB) suggesting molecular mimicry, elevation of viral
antibodies or viral sequences, association between viral infection and lymphoma, and
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association of symptoms mimicking SS following viral infection. Regardless of the
specific virus, mechanisms of host-virus relationships that control or perpetuate
latency/re-activation cycles of viral replication and inflammatory responses, such as
production of IFNs, are likely to be important in SS.
Multiple genes are thought to increase disease susceptibility to SS, including
human leukocyte antigen (HLA) loci, interleukin 10 (IL-10), Fas, Fas ligand (FasL), and
more recently, interferon regulatory factor 5 (IRF5) (Bolstad and Jonsson 2002; Ittah,
Miceli-Richard et al. 2006). Other polymorphisms have been found to be associated with
various clinical features of SS. For example, association of anti-Ro/SSA autoantibody
with the 52kD Ro/SSA gene (Imanishi, Morinobu et al.), Ig KM and GM genes with
clinical presentation of SS (Hulkkonen, Pertovaara et al. 2001), and apoE with early onset
of SS have been described (Hulkkonen, Pertovaara et al. 2001).
Developments in high-throughput transcriptional profiling employing microarray
technology have dramatically expanded our ability to identify key molecular pathways
related to disease. Previous studies using microarray approaches in SS have been limited
to studies of salivary tissue in relatively small cohorts of cases. These studies have
identified over-expression of interferon (IFN)-inducible genes in salivary gland tissue
from SS cases(Hjelmervik, Petersen et al. 2005; Gottenberg, Cagnard et al. 2006), similar
to that seen in other autoimmune diseases (Baechler, Batliwalla et al. 2006).
The identification of biomarkers for SS in peripheral blood mononuclear cells
(PBMCs) or whole blood (WB) cells offers a very practical alternative to current
approaches for diagnosis and classification of SS cases (Vitali, Bombardieri et al. 2002).
Furthermore, peripheral blood has proven to be informative for advancing our
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understanding of related autoimmune diseases including SLE, RA, psoriasis, and multiple
sclerosis (Baechler, Batliwalla et al. 2006). In the present study, we sought to identify
important disease associated pathways and explore correlations of gene expression
profiles to relevant clinical features of SS.

2. B. Results

2. B. 1. Identification of an IFN-inducible gene signature in peripheral blood
mononuclear cells of SS cases
As an initial discovery effort, global mRNA transcript levels were measured in
PBMCs of 21 SS cases and 23 healthy controls (Cohort 1) using Affymetrix U95A2
GeneChips containing 12,626 oligonucleotide probe sets.

Demographic features of

participant cohorts are shown in Table 1. To identify differentially expressed transcripts
between SS cases and controls, we used three data filtering criteria: Welch t-test P-value
≤ 0.001, mean fold change ≥ 1.5 and mean expression difference ≥ 100. A total of 425
mRNA transcripts representing 382 unique genes were identified as differentially
expressed in SS cases (Figure 1A, Supplementary Table 1). Approximately 40 genes
were identified more than once by multiple probesets on the Affymetrix arrays.
Significance levels for some transcripts reached P-values < 10-14 and fold-changes as
high as 24 (Table 3, Supplementary Table 1). We observed 129 overexpressed and 296
underexpressed mRNA transcripts in SS cases relative to controls.
Unsupervised hierarchical cluster analysis was conducted to visualize patterns of
the 425 differentially expressed transcripts (Figure 1A).
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Of the 129 overexpressed

transcripts, 46% (n=59) are known to be inducible by IFNs (Figure 1A, Supplementary
Table 1). Genes in this cluster include interferon-induced protein 35 (IFI35, P= 1.34 ×
10-11), myxovirus (influenza virus) resistance 1 (MX1, P= 9.94 × 10-8), 2’5’oligoadenylate synthetase 1 (OAS1, P= 1.05 × 10-7), interferon regulatory factor 7 (IRF7,
P=1.98 × 10-7), and OAS 2 (P=3.15 x 10-7).

We then used INGENUITY PATHWAYS ANALYSIS (IPA) software (ver. 5.5)
to facilitate the systematic identification and grouping of differentially expressed genes
into biological networks. Fifty-nine functional categories were identified by IPA as
statistically significant for the 425 differentially expressed transcripts. Table 2 presents
the top 20 most significant biological function categories (see Supplementary Table 2 for
a list of all functional categories and sub-categories).
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Cell death was the most significant biological function with sub-category pvalues ranging from 2.55×10-11 to 2.96×10-3, followed by cellular growth and
proliferation (P = 3.67×10-8 to 1.72×10-3) and immune and lymphatic system
development and function (P = 2.39×10-9 to 2.83×10-3).
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IPA also identified 42 statistically significant canonical pathways from our list of
differentially expressed transcripts in Cohort 1 (Supplementary Table 1). As shown in
Figure 2, IFN signaling was the most significant pathway (P = 1.57×10-5) followed by B
cell receptor signaling, IGF-1 (insulin-like growth factor-1) signaling, GM-CSF
(granulocyte macrophage-colony stimulating factor) signaling, PPAR (peroxisome
proliferator-activated receptor) signaling, PPARα/RXRα activation, T cell receptor
signaling, PI3/AKT (phophatidylinosital 3-kinase) signaling, acute phase response
signaling, and JAK/STAT (janus kinase/signal transducer and activator) signaling among
others (Figure 2).

In general, transcripts involved in IFN signaling and protein
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ubiquitination were largely overexpressed while the majority of transcripts from other
pathways identified were underexpressed in SS cases versus controls. Significant overlap
of differentially expressed genes was apparent across the 42 canonical pathways. For
example, five genes (RRAS, KRAS, PIK3CA, PIK3R1, PIK3CG) are multifunctional
transcription factors or signaling molecules involved in over 20 of the 42 canonical
pathways we identified. In addition, over 57% of the genes shown in Figure 2 mapped to
the top 9 most statistically significant pathways (P < 0.001) identified by IPA. Within
these 9, two sets of pathways were closely related: PPARa/RXRa activation/signaling
and B cell/T cell receptor pathways. Of the remaining 33 pathways, 15 consisted entirely
of genes that directly overlap with other pathways in Figure 2.
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2. B. 2. Replication of the IFN-inducible gene signature in whole blood of SS cases
We next evaluated an independent group of 17 cases and 22 controls (Cohort 2,
Table 1). Affymetrix U133A GeneChips with an expanded representation of 22,283
oligonucleotide probe sets were used to measure RNA transcript levels in this
independent Cohort. In addition to expanding the overall number of transcripts assayed
in Cohort 2, we were also able to utilize more recently developed blood collection
procedures that stabilize RNA transcript levels at the time of phlebotomy (see Methods).
As opposed to selecting a few transcripts for validation studies of our results from Cohort
1 (commonly done by quantitative PCR), this comparison provided a much more
comprehensive approach for confirmation of the differentially expressed pathways
through replication in an independent set of cases and controls.
Using the same 3-step data filtering approach (Welch t-test P-value ≤ 0.001, mean
fold change ≥ 1.5 and mean expression difference ≥ 100), 120 RNA transcripts in 100
genes (18 underexpressed and 102 overexpressed) were identified as differentially
expressed in cases relative to controls (Supplementary Table 3). Cluster and pathway
analysis of significant transcripts were used to identify gene expression patterns (Figure
1B, Figure 2).

Similar to the results in Cohort 1, the prominent signature of

overexpressed IFN-inducible genes was observed in Cohort 2 (Figure 1B). Comparison
of differentially expressed transcript lists for Cohort 1 and Cohort 2 resulted in
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identification of a total of 38 genes common to both cohorts, the majority (n=34, 89%) of
which represented IFN-inducible transcripts (Table 3). Thus, these genes represent a
reproducible “IFN signature” identifiable in peripheral blood of SS cases.

Table 4 provides the results for selected IFN and IFN pathway regulators in both
Cohorts 1 and 2. In general, the majority of IFN genes encoding the IFNs themselves
were not differentially expressed in peripheral blood. In contrast, interferon regulatory
factor 7 (IRF7), a key transcription factor involved in downstream signaling events
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triggered through IFN or Toll-like receptors, was upregulated by over 2-fold in both
datasets (Cohort 1 P=5.57X10-6, Cohort 2 P=1.98X10-7). Approximately 66% of the
transcripts in this group were differentially expressed by 2-fold or greater in at least one
cohort.

It is possible that the difference in age observed between cases and controls in
Cohort 1 (mean for cases = 57, mean for controls = 31) may have contributed to a larger
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number of differentially expressed transcripts indentified in Cohort 1 (n = 425 in Cohort
1 and n = 120 in Cohort 2). However, we believe that the use of whole blood in Cohort 2
is likely to have a greater impact in our ability to detect differential expression, since an
excess of globin transcripts in whole blood microarray experiments has been shown to
mask signatures of biological relevance and produce fewer significant results when
compared directly with PBMCs.

Moreover, a direct comparison of our list of

differentially expressed genes observed in Cohort 1 with a list of genes related to aging
provided by the GenAge Database (http://genomics.senescence.info/genes/) resulted in
very few overlaps (n=15). Additional evidence to support association with SS for all of
these 15 genes exists, either through results of other undergoing microarray studies
(Moser KL, unpublished data), inclusion in significant biological pathways with several
other genes identified as differentially expressed in this study, or previous reports in the
literature. Finally, despite the difference in number of differentially expressed transcripts
between Cohorts 1 and 2, many of the significant canonical pathways were observed in
both Cohorts. Using IPA, 10 statistically significant canonical pathways were identified
in Cohort 2, nine of which were also observed in Cohort 1 (Figure 2, indicated in bold).
One additional pathway, antigen presentation, was statistically significant in Cohort 2
(P=0.0025). In Cohort 1, the antigen presentation pathway was ranked 43rd and fell just
below the threshold for significance (P=0.056).
Thus, using two independent cohorts, alternative versions of microarray
GeneChips, and varying sample compositions of either PBMCs (Cohort 1) or WB
(Cohort 2), we have observed consistent, reproducible overexpression of IFN-inducible
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gene expression patterns and identified several additional pathways characterized by
downregulated patterns of gene expression in pSS cases compared with normal controls.
2. B. 3. Correlation of IFN-induced gene expression patterns and key clinical
features
We next wanted to explore the association between dysregulated pathways and
clinical measures of SS. To maximize our statistical power, we generated a third, larger
dataset consisting of a total of 36 SS cases and 22 controls (Cohort 3). All data for
Cohort 3 was generated from whole blood using the Affymetrix U133A GeneChips
containing 22,283 probesets. We combined all available data from Cohort 2 with new
data from Cohort 1 subjects who were resampled using PAXgene tubes (and thus,
assayed from whole blood and assayed using the U133A GeneChip to be amenable for
combining with Cohort 1 data).

Because Cohort 3 included all subjects from both

Cohort 2 and most subjects from Cohort 1, analysis of this third dataset was not
considered independent from the results described above, but did allow more statistically
robust results given the large sample size for correlation analyses (see Methods). The
clinical variables evaluated included saliva production measured by whole unstimulated
salivary flow (WUSF), tear flow measured by Schirmer’s test (ST), and titers of antiRo/SSA and anti-La/SSB autoantibodies determined by ELISA.
Figure 3a shows the hierarchical cluster graph of 223 RNA transcripts in 193
genes (197 overexpressed and 86 underexpressed) identified as differentially expressed
between Cohort 3 SS cases and controls using the three-filter criteria (Supplementary
Table 4).

The distributions of clinical variable values are shown in Figure 3b.

Correlation coefficients for RNA expression values with tear flow, salivary flow and
autoantibody titers (measured in the same sample for each individual) were estimated for
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the 223 differentially expressed RNA transcripts in the group of 36 SS cases. Healthy
controls were not included in these analyses so that we could assess significant
correlations defined within the case group only.
As shown in Figure 3c, most of the correlation tests did not reach statistical
significance (P > 0.05) for salivary flow or tear flow (WUSF and ST, respectively). This
is an expected result since all SS cases are ascertained based on reduced values for these
clinical variables. Of the 223 RNA transcripts, only 11 were significantly correlated with
salivary flow (5%) and 17 for tear flow (8%). Of the 86 underexpressed RNA transcripts,
≤ 6% correlated with titers of anti-Ro/SSA and anti-La/SSB autoantibodies (3 and 5
transcripts, respectively). In contrast, a large proportion of the 197 overexpressed RNA
transcripts were positively correlated (P < 0.05) with titers of anti-Ro/SSA (n=89 or 45%
of the transcripts) and anti-La/SSB (n=76 or 39% of the transcripts). Approximately twothirds of the RNA transcripts that were correlated with anti-Ro/SSA and/or anti-La/SSB
autoantibodies are known to be IFN-inducible genes. Correlations between the clinical
variables tested and transcripts involved in other dysregulated pathways identified in
Cohorts 1 and 2 (e.g. B/T cell receptor signaling, IGF1R, GM-CSF signaling, etc.) were
not observed (Figure 3).
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2. C. Discussion
We have applied microarray technology to define global gene expression profiles
in pSS and identified several key pathways that are dysregulated in cases versus normal
controls. Our study is the first to demonstrate that upregulation of IFN-inducible gene
expression is prominent in peripheral blood cells of many SS cases, and correlates with
high titers of anti-Ro/SSA and anti-La/SSB. In addition, analysis of two independent
cohorts revealed evidence for dysregulation of signaling through the B cell/T cell
receptors, IGF-1, GM-CSF, PPARα/RXRα, and several cytokine pathways that appear to
be consistent across all SS cases.
Microarray-based studies in human pSS have previously focused on the
identification of disease associated pathways in saliva or in minor salivary gland tissue
from relatively small cohorts (10 or fewer cases plus controls) (Hjelmervik, Petersen et
al. 2005; Gottenberg, Cagnard et al. 2006; Hu, Wang et al. 2007; Wakamatsu, Nakamura
et al. 2007). A common finding across the four studies reported to date is upregulation of
IFN-inducible genes. Genes overexpressed in our data generated using peripheral blood
that have also been reported as upregulated in minor salivary glands and/or saliva from
SS cases include interferon-induced transmembrane proteins 1 (9-27, IFITM1) and 3 (18U, IFITM3), promyelocytic leukaemia (PML), transporter 2 ATP-binding cassette
(TAP2), spleen tyrosine kinase (SYK), guanylate binding protein, 2 (GBP2), and
interferon-induced protein 44 (IFI44) (Hjelmervik, Petersen et al. 2005; Gottenberg,
Cagnard et al. 2006; Hu, Wang et al. 2007). These genes and others that show similar
consistency across multiple sample types underscore both the local and systemic nature
of IFN pathway dysregulation.

Furthermore, these genes may serve as especially
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attractive targets for development of clinically useful biomarkers. Disease markers that
are both central to pathology in target tissues (e.g. salivary glands) and potentially more
feasible to assay through saliva or serum-based diagnostic tests would provide a
significant improvement over the current approaches to classification of SS cases.
In recent years, upregulation of IFN pathway signaling has been noted in a
growing list of autoimmune disorders, including psoriasis, multiple sclerosis, rheumatoid
arthritis, dermatomyositis, primary biliary cirrhosis, and insulin-dependent diabetes
mellitus (Baechler, Batliwalla et al. 2006). The IFN-inducible gene expression profile we
report in SS is remarkably similar to the “IFN signature” that has been observed in
similar studies of peripheral blood in SLE, present in a majority of cases(Baechler,
Batliwalla et al. 2003) (Moser KL, unpublished observations). In addition to overlap of
certain clinical features in both SLE and SS, production of anti-Ro/SSA and anti-La/SSB
autoantibodies are common in both disorders. In our study, the IFN signature in SS was
significantly correlated with high titers of anti-Ro/SSA and anti-La/SSB. Although the
precise underlying disease mechanism connecting IFN pathway activation and
autoantibody production is unclear, these results provide further support to link both
innate and adaptive immune responses to the pathogenesis of disease.
Activation and control of IFN-inducible genes may be dysregulated due to
abnormal levels or activity of a class of transcription factors known as interferon
regulatory factors (IRFs). For example, IRF-1 and IRF-2 are structurally similar DNAbinding factors which were originally identified as regulators of the type I IFN system;
IRF-1 functions as a transcriptional activator, and IRF-2 represses IRF-1 function by
competing for the same cis elements(Harada, Takahashi et al. 1994). Evidence from our
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data sets suggests IRF-1 is upregulated and IRF-2 is downregulated in SS cases. Such an
imbalance is consistent with upregulation of IFN-inducible genes. Furthermore, IRF-5
and IRF-7, both upregulated in our data, play a crucial role in the expression of type I
IFN genes, cytokines and some chemokines(Taniguchi, Ogasawara et al. 2001; Zhang
and Pagano 2002). Interestingly, EBV regulates and uses IRF-7 as a secondary mediator
for several target genes involved in latency and immune regulation. In addition, Ning et
al. have demonstrated that the virus activated factor of Sendie virus binds to IRF7 IFN
stimulating element and can directly activate IRF7 transcription independent of IFNtriggered JAK-STAT pathway (Ning, Huye et al. 2005). Finally, genetic association of
polymorphisms in IRF5 and STAT4, directly involved in IFN pathway signaling, with
both SLE and SS has been reported (James, Harley et al. 2001; Ittah, Miceli-Richard et
al. 2006; Graham, Kyogoku et al. 2007; Remmers, Plenge et al. 2007; Korman, Alba et
al. 2008).
Collectively, these observations indicate that overexpression of IFN responding
genes in SS may result not from overexpression of IFN genes themselves but rather from
effects mediated more directly by viral infection and/or genetic variants in IRFs and other
IFN pathway mediators that contribute to alter signaling. The potential role of the Type I
interferon system in SS was recently reviewed by Nordmark et al (Nordmark, Alm et al.
2006). Current data supports a mechanism of disease in which an initial viral infection
induces Type I interferon production in salivary glands, leading to apoptosis or necrosis
of glandular epithelial cells and exposure of autoantigens such as anti-Ro/SSA and antiLa/SSB followed by activation of adaptive immune responses (both locally and
systemically). Production of autoantibodies (including anti-Ro/SSA and anti-La/SSB)
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that form immune complexes with nucleic acids may trigger prolonged activation of IFN
pathways through Toll-like receptor-medicated stimulation of plamacytoid dendritic
cells(Nordmark, Alm et al. 2006). Additional production of IFNs, as well as cytokines
known to be relevant to SS including, IL-12, IL-6, TNF, CXCL10, and CCL3, can be
produced by pDCs, leading to recruitment and perpetuation of a continuous cycle if not
properly downregulated (Samuel 2001). Consequently, this process leads to impaired
function of affected exocrine glands and potential systemic manifestations commonly
seen in SS patients. Our results showing correlations between IFN pathway activation
and autoantibodies bring up important considerations for the development of improved
diagnostic and therapeutic strategies. We propose that development of biomarkers which
reflect the IFN signature and therapies directed against IFN pathway activation are most
likely to be successful in the subset of patients with high-titers of anti-Ro/SSA and/or
anti-La/SSB.
IPA identified 59 functional categories associated with the list of differentially
expressed genes identified in Cohort 1. We found these categories to be too broad for the
development of hypotheses of disease mechanisms, and as a result, have focused our
attention on canonical pathways. In addition to upregulation of an IFN-inducible gene
expression pattern, we identified over 40 additional canonical pathways that were
differentially expressed in our PBMC dataset using IPA. However, these pathways do
not appear to be independent of each other. Close examination of the genes included in
these pathways revealed a significant amount of overlap, most likely reflecting the
extensive “crosstalk” that occurs among closely related biological pathways. These
results suggest that certain pathways, such as those initiated through B or T cell receptor
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signaling, account for the seemingly large number of the pathways identified by using
approaches such as IPA.
Several of the canonical pathways and dysregulated genes (outside of the “IFN
signature”) represent interesting and potentially important new avenues for further
investigation.

For example, B cell/T cell receptor signaling was significantly

dysregulated in this study. One of the genes in these pathways, PTPRC or proteintyrosine phosphatase, receptor-type, C (also known as CD45, CD45R, and Ly5), is a
major leukocyte cell surface molecule that suppresses JAK kinase and negatively
regulates cytokine receptor signaling (Irie-Sasaki, Sasaki et al. 2001). PTPRC is essential
for activation of T cells and B cells, and important for integrin-mediated adhesion and
migration of immune cells. In our data, PTPRC was overexpressed in cases versus
controls, consistent with enhanced downregulation of other B/T cell pathway genes
observed. Targeted disruption of PTPRC has been shown to enhance cytokine and
interferon receptor-mediated activation of JAK and STAT proteins (Irie-Sasaki, Sasaki et
al. 2001). Furthermore, genetic associations of variants in PTPRC have been reported
with multiple sclerosis, Grave’s disease and Hashimoto’s thyroiditis(Jacobsen, Schweer
et al. 2000). In murine models, genetic variants in PTPRC lead to lymphoproliferation
and severe autoimmune nephritis with autoantibody production and alterations in
cytokine production. Thus, evaluation of PTPRC and other related genes in lymphocyte
signaling pathways may be informative in further defining autoimmune responses in SS.
The insulin-like growth factor 1 receptor (IGF1R) was underexpressed in our
study, consistent with a study of SS minor salivary glands by Katz et al (Katz,
Stavropoulos et al. 2003). Low levels of IGF1R have also been shown in the non-obese
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diabetic mouse model of experimental autoimmune sialadenitis (Mustafa, Mustafa et al.
2001). Dysregulation of this pathway may result in the inability of IGF-1 to exert its
homeostatic, protective effect in salivary tissue and lead to glandular atrophy and
disfunction (Katz, Stavropoulos et al. 2003).
Altered signaling through PPARα/RXRα pathways also offers intriguing clues to
SS pathogenesis.

PPARs (peroxisome proliferator-activated receptors) are nuclear

receptors that when activated by ligand, form a functional transcriptional unit upon
heterodimerization with retinoid X receptors (RXRs) (Tan, Michalik et al. 2005).
PPARα and related family members are critical modulators of environmental and dietary
stimuli, and play a key role in downregulating inflammatory responses37; 38. In immune
cells, PPARα inhibits inflammatory pathways through sequestration and repression of cjun and NF-κB transcription factors38; 39. Underexpression of PPARα in SS cases relative
to controls, as observed in our study, is thus consistent with a pro-inflammatory process.
Interestingly, studies in experimental autoimmune encephalitis, a murine model of
multiple sclerosis (MS), have demonstrated baseline lower expression levels of PPARα
in CD4+ T cells from females relative to males, resulting in increased NF-κB and c-jun
activity, higher production of IFN γ and tumor necrosis factor and thus, differential
regulation of PPARα between genders may contribute to increase risk of disease in
females with MS and other autoimmune diseases40. Agonists of PPARα have been
proposed as a potential therapeutic approach in MS and several other autoimmune and
inflammatory disorders associated with decreased PPARα expression such as psoriasis
and atopic dermatitis (Sertznig, Seifert et al. 2008). Furthermore, PPARα agonists have
been proposed as an effective therapeutic intervention for treatment of dry eye in SS42.
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Thus, further studies should be considered to explore the potential application of PPARα
agonists as novel therapeutic agents.
In summary, using varying peripheral blood cell populations (mononuclear cells
and whole blood), two independently collected cohorts of cases and controls, and two
different versions of Affymetrix GeneChips (U95A and U133A), we have shown a
consistent upregulation of IFN inducible genes in SS cases. Our results further show that
this pattern is most prominent in the subset of cases serologically defined by increased
titers of anti-Ro/SSA and anti-La/SSB autoantibodies. We also identified numerous
additional signaling pathways that collectively support a significant role for both innate
and adaptive immune dysregulation in SS. These results should foster multiple lines of
further investigation including genetic and functional studies that will hopefully lead to
new insights into pathogenesis of this complex autoimmune disorder.

2. D. Methods
2. D. 1. Case characteristics
All protocols used in this study were approved by the University of Minnesota
Institutional Review Board. All participants provided written informed consent before
entering the study. All SS cases met the 2002 Revised European Criteria proposed by the
American European Consensus Group (AECG) (Vitali, Bombardieri et al. 2002).
Accordingly, cases were classified with SS if they had an autoimmune component
(detection of anti-Ro/SSA and/or anti La/SSB autoantibodies) and/or evidence of
lymphocytic infiltration through labial salivary gland histopathology, plus characteristic
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symptoms (dry eyes and dry mouth) and signs (decreased tear flow measured by
Schirmer’s test or decreased unstimulated whole salivary flow).
consisted of independent subjects.

Cohorts 1 and 2

Cohort 3 included 19/21 cases from Cohort 1

(samples redrawn, see below) plus all 17 cases from Cohort 2. Two of the cases in Cohort
1 also met the ACR criteria for SLE.
Controls were asymptomatic for dry eyes, dry mouth, and had no self-reported
family history of autoimmune diseases. The first group of controls (n=17) consisted of
all female Caucasians with an average age of 31, which were used for comparison with
Case Cohort 1. The second group of controls (Cohort 2) was all female with 21/22
reporting Caucasian ancestry. These controls had a mean age of 51 and were used for
analysis of both Case Cohorts 2 and 3.
Data collection procedures consisted of subject interviews, completion of a
detailed questionnaire, review of medical records, physical examination, Schirmer’s test
without anesthesia (5 minutes), unstimulated salivary flow measurement (15 minutes),
and phlebotomy for RNA extraction and determination of anti-Ro/SSA and anti-La/SSB
autoantibodies.
2. D. 2. Sample Preparation and Hybridization
Total RNA was extracted from PBMCs by Trizol (GIBCO/BRL, Invitrogen,
Carlsbad, CA) or from whole blood using the PAXgene Blood RNA method
(QIAGEN/BD, Valencia, CA). The methods for preparation of complimentary RNA
(cRNA) were provided by the manufacturer (Affymetrix, Santa Clara, CA; GeneChip
technical manual). Briefly, 5 to 10 mg of total RNA of each sample was converted into
double stranded complimentary DNA (cDNA) using a Superscript cDNA synthesis kit
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(Invitrogen, Carlsbad, CA) with a oligo(dT)24 primer. After second-strand synthesis,
labeled cRNA was generated from the cDNA sample by an in vitro transcription (IVT)
reaction using BioArray labeled biotin ribonucleotides (Enzo, New York, NY). The
labeled cRNA was purified using RNAeasy spin columns (Qiagen, Valencia, CA).
Fifteen micrograms of each cRNA sample was fragmented by mild alkaline treatment, at
94°C for 35 min in fragmentation buffer (Tris Acetate PH.8.1/1M, 150 mM MgoAc and
500mM KoAc). Fragmented cRNAs were hybridized to Affymetrix Human U95Av2 or
U133A GeneChips.
All Cohort 1 samples were collected in CPT tubes and processed within 4 hours
of phlebotomy. However, given ex vivo changes that can be observed in expression
levels for a substantial fraction of genes shortly after phlebotomy(Baechler, Batliwalla et
al. 2004), whole blood was directly collected into PAXgene tubes for Cohorts 2 and 3,
which contain an RNA stabilizing agent. As a result, blood sample composition for
Cohorts 2 and 3 (whole blood) were different than for Cohort 1 (peripheral blood
mononuclear cells). A total of 19 subjects were drawn twice; first for inclusion in Cohort
1 and later for inclusion in Cohort 3.

2. D. 3. Anti-Ro/SSA and anti-La/SSB autoantibody assays
The levels of anti-Ro/SSA and anti-La/SSB autoantibodies in the serum of SS
cases and controls were measured by ELISA (Immunovision, Springdale, AR).
Absorbance was measured at 490 nm.

The cutoff absorbance value above which

antibody levels were considered positive was set to the mean plus 2-times the standard
deviation of titer values for controls.
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2. D. 4. Data Processing
Initial data processing involved several quality control checks assessing the
starting and amplified RNA and the overall hybridization process.

Quality control

criteria included: 1) the ratio of 3’ to 5’ probe sets should be less than 3; 2) more than 30
percent of genes should be called ‘present’; and 3) the murine sequences received an
‘absent’ call while human “housekeeping” sequences received a ‘present’ call.
We

used

GeneData

Expressionist

database

and

software

(http://www.genedata.com) for further processing and analyzing the data. The MAS 5.0
(Affymetrix Microarray Suite 5) algorithm was used for data normalization.

Gene

expression intensity for each array was scaled to 1500 intensity units to allow comparison
across all arrays. The scaled expression intensities were imported into GeneData Analyst
(version 4.2) for statistical analysis.

2. D. 5. Gene selection for hierarchical cluster analysis
In all 3 Cohorts, transcripts were defined as differentially expressed and selected
for cluster analysis if, for the mean comparison between SS cases and healthy controls,
the following criteria were met: 1) P-value of 0.001 or less from Welch t-tests; 2) change
in mean expression of at least 1.5-fold; 3) mean expression difference of at least 100 units
(Baechler, Batliwalla et al. 2003). Hierarchical cluster analysis was applied to the 3
datasets using CLUSTER software and visualized using TREEVIEW software(Eisen,
Spellman et al. 1998).
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2. D. 6. Correlation of gene expression and clinical variables
Pearson correlation estimates and p-values between transcript levels and clinical
variable measurements (anti-Ro/SSA, anti-La/SSB, WUSF, and ST) were computed for
each of the differentially expressed transcripts.

P-values of correlations for each

transcript were plotted as a moving window average across units of 5 transcripts45.

2. D. 7. Identification of canonical pathways
INGENUITY

PATHWAYS

ANALYSIS

(IPA;

version

5.5)

software

(https://analysis.ingenuity.com) was used to determine significant functional categories
and canonical pathways based on our lists of significant transcripts. IPA tests associations
between specified genes and sets of functional genes that are part of biologically relevant
networks according to literature findings. Right-tailed Fisher’s exact tests are used to
measure the likelihood that such associations are due to chance. The proportion of genes
mapped to a specific canonical pathway that are specified by the user is taken into
account for the computation of P-values.
2. D. Acknowledgements
This study was funded by NIH NIAMS RO1 AR050782 and the Phileona
Foundation (KLM). The authors are grateful for resources provided by the University of
Minnesota Supercomputing Institute and the Affymetrix core. We also thank Carolyn M.
Meyer, Amber N. Leiran, Liliana Tobon, Daniella Machado, and Julie Ermer for their
technical assistance and Jennifer Lessard for assistance with graphics. Finally, we thank
the study participants without whom this study would not be possible.
59

60

Chapter III: Comparison of Gene Expression Profiles between Patients
with Sjogren’s Syndrome and Systemic Lupus Erythematosus
Eshrat S. Emamian1, Liliana M Tobon,3 Joanlise Leon,3, Barbara Segal 2, Nelson L
Rhodus,4, Emily C Baechler,2 , Kathy L Moser5

1: Department of Oral Diagnsostic and Biological Sciences, 2: Department of Medicine,
3: Department of Epidemiology, 4: Department of Oral Medicine, University of
Minnesota, Minneapolis, Minnesota, USA. 5: Oklahoma Medical Research Foundation,
Oklahoma, USA

61

3. A. Introduction
Sjogren’s syndrome (SS) is characterized as a chronic autoimmune disorder of the
exocrine glands with associated lymphocytic infiltration of the affected glands. Dryness
of the mouth and/or the eyes, resulting from immunological targrting of the salivary and
lacrimal glands, is present in most SS cases. The exocrinopathy may occur alone or in the
presence of another autoimmune disorder. Features of SS may be found in almost every
autoimmune rheumatic disease, such as systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), scleroderma, and others. With regard to the pathogenesis, it is unclear
whether SS associated with another autoimmune rheumatic disease represents a distinct
overlapping entity or is a manifestation in the clinical spectrum of the accompanying
rheumatic disorder (Perl, 2004, Kyttaris et al., 2005, Fox , 1996).

The prevalence of SS among patients with SLE varies considerably among different
studies published in the past (ranging from 8% to 30%). These differences are most likely
due to the application of different classification methods and using different patient
selection criteria. Despite significant debates in this area, several studies have indicated
that in patients with SLE–SS, the associated lupus appears to be relatively more benign,
and that these patients exhibit a relatively increased frequency of autoantibodies to
Ro/SSA and La/SSB RNPs and rheumatoid factor (Perl, 2004, Kyttaris et al., 2005, Fox ,
1996).
Both SLE and SS are chronic inflammatory diseases characterized by the dysfunction of
T cells, B cells, and dendritic cells as well as the production of antinuclear autoantibodies
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(Perl, 2004, Kyttaris et al., 2005, Fox, 1996). Although the two autoimmune disorders
share such features, in terms of clinical manifestations the inflammatory process of SLE
typically involves multiple organ systems while SS is typically affects the exocrine
glands, particularly salivary glands (Fox , 1996).

Microarray studies have demonstrated multiple “signatures”, including over expression of
Interferon- inducible (IFN), mitochondrial, ribosomal and immunoglobulin genes in
peripheral blood of subsets of SLE patients. More specifically, comparison of the SLE
microarray data with microarray profiles of normal PBMCs stimulated in vitro with IFN
in the original study of Baechler et al (2003) revealed a striking pattern of IFN-induced
genes in approximately half of SLE patients. This IFN signature was predominantly
observed in patients who experienced the most severe complications of SLE, such as
renal and CNS disease and hematologic abnormalities. The data of Baechler et al (2003)
are consistent with a role for IFN in lupus pathogenesis and present the IFN pathway as a
potential therapeutic target in SLE. In a separate study by this group, this IFN signature
was reproduced in an independent patient cohort (Baechler et al., 2004). Expression
profiling of total white blood cells in this study not only confirmed the existence of the
IFN signature (observed in approximately 70% of patients), but also extended its clinical
significance by revealing a strong correlation between the IFN signature and
immunologic manifestations of SLE. Furthermore, additional gene expression signatures
identified in this study also included neutrophil, ribosomal/mitochondrial, and
nuclear/transcription signatures. Interestingly, the neutrophil signature was associated
with current prednisone dose and a history of Raynaud’s phenomenon and
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thrombocytopenia. However, the ribosomal and mitochondrial signatures, which were
highly similar across the patient samples, were negatively correlated with anti-DNA
antibodies and photosensitivity. In contrast to the other signatures, which showed patterns
of up-regulated genes in SLE, the transcripts comprising the nuclear/transcription
signature were down-regulated in a subset of lupus patients. This signature was
negatively correlated with several lupus autoantibodies and kidney disease (Baechler et
al., 2003, Baechler et al, 2004, Baechler et al., 2006).

Several microarray studies also show the existence of an IFN signature in SS. A study
conducted in minor salivary gland tissue from 10 patients with primary SS and 10 healthy
control individuals identified 200 genes that were differentially expressed (Hjelmervik et
al., 2005). Clear upregulation of IFN-inducible genes (such as ISGF3G, IFIT3, G1P2 and
IRF1) was reported, as well as an increased expression of genes related to lymphocyte
development and activation, and antigen processing and signal transduction. Other
studies confirmed that genes in the IFN pathway were upregulated in salivary glands of
SS patients (Gottenberg et al., 2006, Hu et al., 2007).

We have also observed that an IFN signature is upregulated in subsets of SS patients and
is correlated to titers of Anti-Ro/SS-A and anti-La/SS-B autoantibodies. In the present
study, we are directly comparing gene expression profiles in SLE and SS cohorts to first
identify differentially expressed genes that occur in both phenotypes and second, to
categorize differentially expressed genes that are unique to each group. Furthermore,
upregulation of IFN-response genes has now been observed in peripheral blood cells
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and/or target tissues of patients with other autoimmune diseases such as systemic
sclerosis, multiple sclerosis and type 1 diabetes. Taken together, these findings suggest
that an activated IFN response gene expression could be considered as a “common
denominator” in rheumatic diseases, and perhaps autoimmune diseases in general (van
Baarsen et al., 2009).

3. B. Results
3. B. 1. Identification of overlapping genes differentially expressed in the peripheral
blood cells of SLE and SS patients:
All subjects were female of Caucasian ethnicity (table 1). Global gene expression
levels for ~ 22600 transcripts were measured in peripheral whole blood cells of 36 SS
and 35 SLE patients and independently compared to a single control group of 62 normal
subjects. Differentially expressed genes were identified by meeting data filtering criteria
of Welsh t-test p-value ≤ 0.001 and average fold change between cases and controls of ≥
|1.5|.

Table.1: Demographic data from both cohorts
Total subjects (n)
Demographic
Mean Age ± s.d. (range)
Female, n (%)
Caucasian, n (%)

SS Cohort
36

SLE Cohort
35

SLE controls
40

SS controls
22

60 ±11 (34-80) 46.2± 10 (26-67) 50.3±6.5(37-62) 51.3 ±11 (33-78)
40(100%)
36 (100%)
35(100%)
22(100%)
40(100%)
36 (100%)
35 (100%)
22 (100%)
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In the SLE cohort, a total of 625 transcripts were differentially expressed
compared to control subjects.

In the SS cohort, we identified 349 transcripts as

differentially expressed. Comparison of the two lists of differentially expressed genes
showed 95 transcripts that were differentially expressed in both SS and SLE patients
(Fig.1, table 2). Out of 95 overlapping transcripts, 49 (51%) are known to be IFN
inducible (table 2). This cluster of genes include interferon alpha-inducible protein
(G1P3), interferon-induced protein tetratricopeptide 5 (IFIT5), 2’-5'-oligoadenylate
synthetase 2 and 3 (OAS2 and 3), signal transducer and activator of transcription
(STAT1) and myxovirus (influenza virus) resistance 2 (MX2).

Fig. 1: Majority of overlapping genes comprise of the IFN inducible genes: Cluster/treeview heat
map showing the 95 overlapping transcripts, where each row represents a transcript and each column
indicates an individual. Red indicates the over-expressed transcript and green is under-expressed transcripts
and black indicate no difference in expression. SS patients are blue, SLE in gray and normal subjects in
orange. IFN inducible transcripts are indicated in purple on the right side of cluster diagram.
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Genes from the list of non IFN inducible group include: Caspase-1 (interleukin-1 beta
convertase, uprgulated in both SS and SLE) which is involved in apoptosis by positive
regulation

of

I-kappaB

kinase/NF-kappaB

cascade.

Caspase-1

also

regulates

inflammatory processes through its capacity to process and activate the interleukin-1-beta
(IL1B) and IL-33 precursor proteins. IL-1B and IL-18 are potent proinflammatory
cytokines, and IL-33 promotes responses mediated by type-2 helper T cells (Keller et al.,
2008).
Another gene is BCL2-related protein A1 (BCL2A1, upregulated in both SLE and SS)
which is an anti-apoptosis gene. Akatsuka et al. (2003) identified 3 SNPs in the BCL2A1
gene, 2 of which encode minor histocompatibility antigens expressing epitopes for HLAA and HLA-B restricted T-cell clones. They proposed that these minor histocompatibility
antigens could be immunotherapeutic targets in cases of recurrent malignancies after
allogeneic hemopoietic cell transplantation. Mast cells from Bcl2a1-deficient mice did
not survive allergen activation in vitro, and mast cell number was reduced in vivo after
allergen sensitization and provocation. Xiang et al. (2001) proposed that BCL2A1 could
be a target in the treatment of allergic diseases.

Retinoic acid-inducible gene I (RIGI/DDX58) is another gene upregulated in both SLE
and SS patents. Cui et al. (2004) detected RIGI expression in an IFNG-stimulated breast
cancer cell line. Overexpression of RIGI upregulates expression of ISG15 (IFN
stimulated gene15). Yoneyama et al. (2004) showed that dsRNA induced RIGI
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expression in an ATPase-dependent manner and augmented production of type I
interferon (e.g., IFN-B). A truncated form of RIGI transduced signals leading to
activation of IRF3 and NFKB.
Tumor necrosis factor alpha-induced protein 6 (TNFAIP6, upregulated in both SLE and
SS) is another gene from this group involved in inflammatory responses. Lee et al. (1993)
demonstrated this gene is transcribed in normal fibroblasts and activated by binding of
the cytokines TNF and interleukin-1. The expression of this gene can be induced by TNF
alpha and interleukin-1.

3. B. 2. Identification of genes that are differentially expressed in SS or SLE cohort:
We next tried to identify genes that best distinguish SS from SLE patients. Two
transcript lists were generated. First, we identified transcripts that were differentially
expressed in SS (p<0.001) but not in SLE (p>0.05). Second, we identified transcripts
that were differentially expressed in SLE (pp<0.001) but not SS (p>0.05). These lists
consisted of 47 transcripts that are most specific to the SS group and 87 transcripts that
are most specific to SLE patients (tables 3, 4). Hierarchical clustering of the transcripts
that differentiate either SLE or SS is shown in Fig.2. Transcripts were clustered in four
major groups. The first and second groups were either up-regulated or down regulated in
SS but showed heterogeneous expression in SLE patients (The upper and lower yellow
box in Fig.2). A third group consists of transcripts that were down regulated in SLE
patients but had heterogeneous expression patterns in SS patients (red box in Fig.2). The
last group consisted of transcripts that were upregulated in SLE patients but down
regulated or not disregulated in SS patients. The major cluster that best distinguishes SS
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from SLE patients (table 5, and gray box in fig. 2) includes genes that code for ribosomal
proteins (RPL26, RPL31, RPL34, RPL39, RPL41,…) as well as genes that are involved
in mitochondrial function and oxidative stress pathways. These genes were upregulated in
SLE patients but were not disregulated or down regulated in SS patients.
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Fig.2: Left panel is the cluster/treeview diagram showing transcripts that are
differentially expressed in SLE (purple) or SS (blue) patients. Right panel shows the
p-value distribution in SS/SLE corresponding to each transcript shown in left panel.
Blue line is the p-value in SS cohort and purple is the p-value in SLE cohort. The pvalues that are on the right side of dashed gray line are less than 0.001, and p-values
that are on the left side of the black line are more than 0.05.

From the list of differentially expressed transcripts that are more specific to SS
patients and are not disregulated in the SLE cohort (table 3), an interesting one includes
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the MAX interaction protein 1 (MXI1) gene, which is a tumor suppressor gene that
negatively regulate MYC oncoprotein activity. Mutation in the MXI1 gene has been seen
in some cases of prostate cancer (Edelhoff , 1994; Eagle, 1995). Another gene is
Prolactin-induced protein (PIP) which is expressed in benign and malignant breast tumor
tissues and in some normal exocrine organs such as sweat, salivary, and lacrimal glands.
Ciullo et al. (2002) showed that the region containing the PIP gene, which is
overexpressed in 80% of primary and metastatic breast cancers, is duplicated in breast
carcinoma cell lines.

3. C. Discussion
In this chapter, we report the common transcriptional changes that occur in peripheral
blood cells of SLE and SS by comparing the gene expression patterns of the two
disorders using a microarray approuch. We found 95 transcripts that were differentially
expressed in both SS and SLE patients. From the 95 overlapping transcripts, 47 are
known to be IFN inducible. By further categorizations and comparisons we found a group
of genes that that were upregulated in SLE patients but were either downregulated or
remained unchanged in SS patients. This group, which consisted mostly of genes
involved in ribosomal and mitochondrial function, was the major gene cluster that best
distinguishes SS from SLE patients.
Overexpression of IFN-response genes has been reported in peripheral blood cells and
affected tissues of patients with autoimmune diseases, including rheumatoid arthritis,
SLE, systemic sclerosis, SS, multiple sclerosis and type 1 diabetes. These findings
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suggest that disregulated or sustained IFN responses are common mechanism involved in
autoimmune diseases (van Baarsen et al., 2009). There are several possible scenarios that
could results from such common expression patterns observed in these autoimmune
disorders. Type one IFNs are the early mediators of the innate immune response that can
influence the adaptive immune response through direct and indirect actions on dendritic
cells, T and B cells, and natural killer cells. They could initiate and amplify the an
autoimmune response and tissue damage through their diverse and broad actions on
almost every cell type and promotion of T-helper-1 responses (van Baarsen et al., 2009).
It is also possible that the IFN response could be associated with activation of immature
dendritic cells, which can regulate deletion of autoreactive lymphocytes. IFN-matured
dendritic cells could activate autoreactive T cells, leading to autoreactive B-cell
development, representing the first level of autoimmunity (Banchereau et al., 2006, van
Baarsen et al., 2009). Loss of tolerance may lead to autoantibody production. In the
pathogenesis of SLE, immune complexes may trigger pathogen recognition receptors
(such as Toll-like receptors) that could induce IFN-α production and thereby perpetuate
the IFN response (van Baarsen et al., 2009).

Besides the IFN response genes, other molecules have also been identified that are
common between different autoimmune diseases. A research group (Maas et al., 2005)
has previously studied the overlap of gene expression profiles between different diseases.
Their study has shown that there were 95 genes that were increased and 117 genes that
were decreased in the PBMCs of all patients with rheumatoid arthritis, SLE, type 1
diabetes and multiple sclerosis. These genes were mainly involved in inflammation,
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signaling, apoptosis, protein degradation (ubiquitin/proteasome related genes) and genes
related to cell cycle. Cluster analysis on the basis of gene signatures in PBMCs showed
that rheumatoid arthritis and SLE patients were intermixed with one another. An
interesting point of the study by Maas et al is that they found the gene expression profile
of 127 genes was shared between patients with autoimmune diseases and unaffected firstdegree relatives. The shared expression pattern between affected and unaffected firstdegree relatives suggests a genetic basis for these shared gene expression profiles. In a
different related study, the investigators showed that these genes are clustered in
chromosomal domains, supporting the hypothesis that there is a potential genetic basis to
this commonality (Aune et al., 2004).

Gene expression profiling studies of different autoimmune diseases have made it possible
to find the expression patterns that are related to a specific disease characteristics and
therefore could potentially provide a promising tool for future clinical applications and
for the identification of novel therapeutic targets (van Baarsen et al., 2009). Microarray
studies of blood cells and affected tissues have already identified important pathways that
could contribute to the pathogenesis of an spectrum of rheumatic diseases (van Baarsen et
al., 2009).

Gene profiling and identification of disease specific pathways could not only help for
finding novel disease mechanisms, but also can identify biomarkers for the diagnosis and
eventually treatment of disease. The identification of biomarkers and gene signatures
could also help to find a way to more individualized treatment strategies. As an ideal
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outcome, this approach could ultimately develop to a systems biology approach, whereby
genomics, proteomics and clinical datasets from different sources are integrated to assign
and validate clinically relevant markers that reflect disease pathogenesis (diagnosis),
prognosis and heterogeneity, and will improve the selection of patients with a high
likelihood of responding to therapy (van Baarsen et al., 2009).

3. D. Methods
3. D. 1. Patient characteristics
The protocols used in this study were all approved by the University of Minnesota
Institutional Review Board (IRB). Participants were all provided with a written informed
consent before entering the study. The SS patients included in this study were all met the
2002 Revised European Criteria proposed by the American European Consensus Group
(AECG) (Vitali 2002). The SLE patients involved in this study all met the ACR criteria
for lupus patients. Patients demographic data are provided in table1.

3. D. 2. Sample Preparation and Hybridization
Using the PAXgene Blood RNA method (QIAGEN/BD, Valencia, CA) total RNA was
extracted from whole blood obtained from the subjects enrolled in this study. We
followed standard methods for preparation of complimentary RNA (cRNA) that were
provided by the manufacturer (Affymetrix, Gene chip technical manual). Briefly, 5 mg of
total RNA extracted from each sample converted into double stranded complimentary
DNA (cDNA) using a cDNA synthesis kit (Superscript/Invitrogen) with an oligo(dT)24
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primer. After second-strand synthesis, labeled cRNA was generated from the cDNA
sample by an in vitro transcription (IVT) reaction using labeled biotin ribonucleotides
(Enzo, BioArray). The labeled cRNA was then purified using RNeasy spin columns
(Qiagen). A total of 15 micrograms of each cRNA sample was fragmented by mild
alkaline treatment, at 94°C for 35 min in fragmentation buffer (Tris Acetate PH.8.1/1M,
150 mM MgoAc and 500mM KoAc). The fragmented cRNA were then hybridized to
Affymetrix Human U133A GeneChip.

3. D. 3. Data Processing
Initial data analysis consisted of several quality control check points to control for the
quality of the starting and amplified RNA, the hybridization process, scaling of the data
after hybridization for comparison purposes, and deleting absent transcripts .
The quality control steps of the hybridization process included the following steps:
¾

A less than 3 criteria for the ratio of 3’ to 5’ probe sets

¾

More than 30 percent of genes should have ‘present’ call

¾

The murine sequences received an ‘absent’ call while the
housekeeping sequences received a ‘present’ call.

The GeneData Expressionist database and software (http://www.genedata.com) were
used for further processing and analyzing the data. We applied the MAS.5 (Affymetrix
Microarray Suite 5) algorithm for data normalization. The gene expression intensity for
each array was scaled to an average of 1500 intensity units to allow comparisons across
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all arrays. GeneData Analyst (GeneData analyst 4.2) was used to compute the scaled
expression intensities for the subsequent statistical analyses.

3. D. 5. Gene selection for hierarchical cluster analysis
The following two selection criteria for the mean comparison between SS patients and
healthy controls were used in both cohorts to select transcripts for the cluster analysis:
i) p-value of 0.001 or less from Welsh t-tests;
ii) change in mean expression of at least 1.5-fold; (BAECHLER et al. 2003).
Using Cluster software and visualized using TreeView software (EISEN et al. 1998),
hierarchical cluster analysis was applied to our datasets.
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Table.2: Overlapping genes between SLE and SS. Italic Blue indicates IFN inducible genes.
Gene name

Gene
SLE
Symbol p-value

SLE
FC

SS
SS
p-value FC

interferon induced transmembrane protein 1 (9-27)

IFITM1

2.7E-15

1.60

4.1E-13

1.6

interferon, alpha-inducible protein (clone IFI-15K)

G1P2

4.8E-10

5.86

4.3E-12

5.86

Viperin

Cig5

7E-10

10.22

8E-11

10.2

spermidine/spermine N1-acetyltransferase

SAT

7.6E-10

1.70

7.1E-15

1.7

Z-DNA binding protein 1

ZBP1

1.3E-09

2.14

2.3E-09

2.14

interleukin 1 receptor antagonist

IL1RN

1.3E-09

1.88

4.6E-12

1.88

Fc fragment of IgG, high affinity Ia, receptor for (CD64)

FCGR1A

1.4E-09

1.77

3.2E-08

1.77

2',5'-oligoadenylate synthetase 1, 40/46kDa

OAS1

2.6E-09

4.58

9.6E-13

4.58

tumor necrosis factor (ligand) superfamily, member 10

TNFSF10

3.1E-09

1.75

1.7E-08

1.75

tumor necrosis factor (ligand) superfamily, member 10

TNFSF10

3.5E-09

1.89

7.1E-11

1.89

Fc fragment of IgG, high affinity Ia, receptor for (CD64)

FCGR1A

6.1E-09

1.88

4.5E-08

1.88

interferon-induced protein with tetratricopeptide repeats 1

IFIT1

8.3E-09

11.70

1.3E-14

11.7

interferon-induced protein with tetratricopeptide repeats 4

IFIT4

9.7E-09

3.71

1.1E-12

3.71

tumor necrosis factor, alpha-induced protein 6

TNFAIP6

1.6E-08

2.33

3.2E-10

2.33

interferon regulatory factor 7

IRF7

1.7E-08

2.21

1E-11

2.21

interferon, alpha-inducible protein 27

IFI27

2E-08

9.96

5.3E-09

9.96

tumor necrosis factor, alpha-induced protein 6

TNFAIP6

2.2E-08

2.12

2.6E-09

2.12

spermidine/spermine N1-acetyltransferase

SAT

2.2E-08

1.59

3.3E-10

1.59

spermidine/spermine N1-acetyltransferase

SAT

3.3E-08

1.56

2.3E-08

1.56

hypothetical protein FLJ38348

FLJ38348

3.4E-08

2.56

5.6E-15

2.56

phospholipid scramblase 1

PLSCR1

4.1E-08

2.81

3E-13

2.81

interferon induced transmembrane protein 3 (1-8U)

IFITM3

6E-08

2.00

1.1E-13

2

2'-5'-oligoadenylate synthetase-like

OASL

9E-08

2.59

3.4E-12

2.59

chromosome 1 open reading frame 29

C1orf29

9.3E-08

15.27

1.7E-14

15.3

Zinc finger CCCH type domain containing 1

ZC3HDC1

1.4E-07

1.92

3.3E-09

1.92

myxovirus resistance 1, interferon-inducible protein p78

MX1

1.5E-07

4.73

1.2E-11

4.73

interferon-induced protein 44

IFI44

1.6E-07

3.44

9.4E-09

3.44

chromosome 9 open reading frame 83

C9orf83

1.6E-07

1.99

1.5E-05

1.99

2',5'-oligoadenylate synthetase 1, 40/46kDa

OAS1

1.6E-07

3.85

1.2E-09

3.85

interferon-induced protein with tetratricopeptide repeats 5

IFIT5

2.3E-07

2.93

2.9E-12

2.93

interferon-induced protein 44

IFI44

2.4E-07

5.11

1.2E-10

5.11

SCO cytochrome oxidase deficient homolog 2 (yeast)

SCO2

2.4E-07

1.70

4.8E-10

1.7

hect domain and RLD 5

HERC5

2.7E-07

2.94

7.6E-12

2.94

HSPC163 protein

HSPC163

3.3E-07

1.74

3.7E-08

1.74

interferon induced with helicase C domain 1

IFIH1

3.4E-07

2.63

1.6E-11

2.63

28kD interferon responsive protein

IFRG28

3.5E-07

2.72

6.5E-09

2.72

chromosome 7 open reading frame 5

C7orf5

3.6E-07

2.11

1.4E-08

2.11

tripartite motif-containing 22

TRIM22

3.9E-07

2.04

4.2E-11

2.04

ubiquitin-conjugating enzyme E2L 6

UBE2L6

4.5E-07

1.69

1.9E-12

1.69

transducin (beta)-like 1X-linked

TBL1X

4.7E-07

-1.53

5.4E-05

-1.53

metallothionein 1X

MT1X

6.6E-07

1.79

8.7E-05

1.79

metallothionein 2A

MT2A

1E-06

1.61

2.3E-06

1.61
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Table.2: continued
Gene
Symbol

Gene name

SLE
SLE
p-value FC

SS
p-value

SS
FC

lymphocyte antigen 6 complex, locus E

LY6E

1.2E-06

3.98

1.9E-07

3.98

interferon, alpha-inducible protein (clone IFI-6-16)

G1P3

1.3E-06

3.58

5E-15

3.58

apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3A

APOBEC3A

1.5E-06

1.60

4.5E-09

1.6

DEAD box polypeptide 58 (RETINOIC ACID-INDUCIBLE GENE ,RIGI) DDX58

1.9E-06

2.33

2.4E-12

2.33

caspase 1 (interleukin 1, beta, convertase)

CASP1

1.9E-06

1.56

8E-08

1.56

interferon-induced protein with tetratricopeptide repeats 5

IFIT5

1.9E-06

4.10

2.5E-15

4.1

2E-06

1.60

0.00039

1.6

3.3E-06

4.44

1.6E-09

4.44

BCL2-related protein A1

BCL2A1

ubiquitin specific protease 18

USP18

2'-5'-oligoadenylate synthetase 2, 69/71kDa

OAS2

3.3E-06

4.45

1E-10

4.45

lysosomal-associated membrane protein 3

LAMP3

3.8E-06

2.15

7.8E-05

2.15

ATP-binding cassette, sub-family A (ABC1), member 1

ABCA1

3.8E-06

1.70

1.3E-06

1.7

interferon induced transmembrane protein 3 (1-8U)

IFITM3

4.6E-06

1.67

3.8E-12

1.67

caspase 1, (interleukin 1, beta, convertase)

CASP1

5.6E-06

1.58

5.5E-10

1.58

signal transducer and activator of transcription 1, 91kDa

STAT1

5.7E-06

1.91

1.1E-11

1.91

2'-5'-oligoadenylate synthetase 2, 69/71kDa

OAS2

6.3E-06

2.82

9.8E-09

2.82

abhydrolase domain containing 2

ABHD2

9.6E-06

-1.86

0.00036

-1.86

Protein kinase, interferon-inducible double stranded RNA dependent

PRKR

1.1E-05

1.55

9.5E-06

1.55

carcinoembryonic antigen-related cell adhesion molecule 1

CEACAM1

1.2E-05

1.55

4.3E-09

1.55

hypothetical protein FLJ20035

FLJ20035

1.2E-05

2.47

3.7E-09

2.47

Calcium channel, voltage-dependent, P/Q type, alpha 1A subunit

CACNA1A

1.4E-05

-1.64

0.00098

1.64

hect domain and RLD 6

HERC6

1.4E-05

2.94

1.4E-07

2.94

guanylate binding protein 1, interferon-inducible, 67kDa

GBP1

1.5E-05

2.46

1.1E-09

2.46

myxovirus (influenza virus) resistance 2 (mouse)

MX2

1.5E-05

1.56

1.1E-09

1.56

signal transducer and activator of transcription 1, 91kDa

STAT1

1.9E-05

1.88

3.2E-07

1.88

interferon, gamma-inducible protein 16

IFI16

2.5E-05

1.83

1.3E-12

1.83

hypothetical protein FLJ11000

FLJ11000

3.2E-05

1.57

3.1E-09

1.57

serine (or cysteine) proteinase inhibitor, clade G, member 1

SERPING1

3.8E-05

2.57

6.6E-12

2.57

DR1-associated protein 1 (negative cofactor 2 alpha)

DRAP1

4E-05

1.70

2E-07

1.7

Homo sapiens transcription factor ISGF-3 mRNA, complete cds.

NM_007315

4.1E-05

1.93

6E-11

1.93

ecotropic viral integration site 2A

EVI2A

5.4E-05

1.64

3.5E-05

1.64

metallothionein 1H

MT1H

5.4E-05

1.98

2.3E-06

1.98

phospholipid scramblase 1

PLSCR1

5.6E-05

2.50

1.6E-10

2.5

Sialoadhesin

SN

8.1E-05

4.65

2.1E-07

4.65

promyelocytic leukemia

PML

8.1E-05

2.39

1.7E-07

2.39

N-myc (and STAT) interactor

NMI

8.3E-05

1.64

4.2E-10

1.64

family with sequence similarity 8, member A1

FAM8A1

0.00013

1.61

1.5E-09

1.61

COBW-like protein

LOC55871

0.00015

1.85

0.00031

1.85

acetoacetyl-CoA synthetase

AACS

0.00015

-1.63

0.00049

-1.63

three prime repair exonuclease 1

TREX1

0.00016

2.06

5.9E-07

2.06

interleukin 7 receptor

IL7R

0.00016

-1.70

3.2E-06

-1.7

hypothetical protein FLJ22390

FLJ22390

0.00019

1.75

0.00041

1.75

interleukin enhancer binding factor 3, 90kDa

ILF3

0.00021

-1.94

0.00025

-1.94

DNA polymerase-transactivated protein 6

DNAPTP6

0.00023

3.13

1.5E-09

3.13
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Table.2: continued
Gene
Symbol

Gene name

SLE
SLE
p-value FC

SS
p-value

SS
FC

likely ortholog of mouse D11lgp2

LGP2

0.00023

1.73

0.0001

1.73

chromosome 9 open reading frame 83

C9orf83

0.00026

2.59

2.7E-09

2.59

2'-5'-oligoadenylate synthetase 3, 100kDa

OAS3

0.00029

2.87

4.9E-11

2.87

Leucine aminopeptidase 3

LAP3

0.00031

2.04

1.7E-09

2.04

interferon-induced protein with tetratricopeptide repeats 2

IFIT2

0.00039

2.14

6.2E-10

2.14

Nuclear antigen Sp100

SP100

0.00039

1.72

0.00064

1.72

tumor necrosis factor (ligand) superfamily, member 10

TNFSF10

0.00046

1.76

1.1E-06

1.76

Sialoadhesin

SN

0.00054

1.79

5.3E-07

1.79

FLN29 gene product

FLN29

0.0007

1.84

0.00038

1.84

natural killer-tumor recognition sequence

NKTR

0.00088

-1.67

0.00045

-1.67
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Table.3: Genes that are differentially expressed only in SS cohorts.
Gene
Gene Description
Symbol

SS
SLE
p-value SS FC p-value

SLE
FC

aurora kinase B

AURKB

2.49E-05

1.563

0.5923 1.091

BAI1-associated protein 2

BAIAP2

2.34E-05

1.516

0.5471 1.085

basic leucine zipper nuclear factor 1 (JEM-1)

BLZF1

2.90E-06

3.425

0.4054 1.236

Biotinidase

BTD

2.57E-05

1.748

0.7605

calmodulin-like 4

CALML4

1.41E-06

1.527

0.7425 1.041

1.05

CCAAT/enhancer binding protein (C/EBP), epsilon

CEBPE

1.55E-04

1.504

0.9609 1.007

chromosome 21 open reading frame 45

C21orf45

1.39E-04

1.604

0.8685 1.026

ciliary neurotrophic factor receptor

CNTFR

1.39E-05

1.638

0.6636 -1.067

cold shock domain protein A

CSDA

3.09E-05

-1.576

0.87 1.025

core promoter element binding protein

COPEB

9.33E-06

1.585

0.6015 1.085

cytochrome P450, family 2, subfamily D, polypeptide 6

CYP2D6

4.97E-06

1.797

0.3763 -1.165

erythrocyte membrane protein band 4.2

EPB42

1.88E-06

-1.996

0.2908 1.192

FLJ20202 protein

FLJ20202

2.78E-07

-1.562

0.8996 1.015

G1 to S phase transition 1

GSPT1

3.32E-08

-1.981

0.8385 1.034

G1 to S phase transition 1

GSPT1

5.99E-06

-1.783

0.941 1.011

guanine nucleotide binding protein (G protein), alpha 11 (Gq class)

GNA11

5.88E-06

2.042

0.6592 -1.091

hexokinase 3 (white cell)

HK3

4.16E-11

1.876

0.2255 1.201

hyaluronoglucosaminidase 3 [BLAST]

HYAL3

8.33E-05

-1.567

0.9151 1.015

hypothetical protein FLJ12875

FLJ12875

6.44E-05

-1.579

0.7274 1.044

IGF-II mRNA-binding protein 2

IMP-2

1.26E-06

-1.661

0.2898 -1.175

immunoglobulin kappa constant

IGKC

1.27E-05

1.81

0.9429 1.012

Interferon, gamma-inducible protein 30

IFI30

2.48E-08

1.603

0.2004 1.137

Junction plakoglobin

JUP

2.21E-05

2.464

0.6393 1.091

keratin 1 (epidermolytic hyperkeratosis)

KRT1

2.69E-05

-2.143

0.9074 1.028

KIAA0415 gene product

KIAA0415

7.34E-06

1.647

0.5028 -1.098

Leucine rich repeat neuronal 3

LRRN3

3.94E-07

-2.784

0.287 -1.187

Leucine rich repeat neuronal 3

LRRN3

1.32E-04

-1.662

0.8442 1.021

likely ortholog of mouse ubiquitin-conjugating enzyme E2-230K

E2-230K

3.61E-05

-2.229

0.9837 1.005

MAX interactor 1

MXI1

7.15E-07

-1.594

0.3528 1.142

methyl-CpG binding domain protein 3

MBD3

9.57E-06

1.854

0.5353 1.082

Prolactin-induced protein

PIP

2.22E-05

1.737

0.8865 1.028

Protease, serine, 11 (IGF binding)

PRSS11

8.82E-07

-2.057

0.2585 -1.213

protein kinase, AMP-activated, beta 1 non-catalytic subunit

PRKAB1

8.36E-06

1.534

0.6321 -1.061

protein phosphatase 1E (PP2C domain containing)

PPM1E

1.14E-04

1.637

0.8739 -1.026

RAD23 homolog A (S. cerevisiae)

RAD23A

1.01E-07

-1.774

0.8434 1.022

rap2 interacting protein x

RIPX

4.16E-05

-1.501

0.6183 1.051

ribosomal protein L37a

RPL37A

1.41E-05

-1.562

0.5089 1.124

ribosomal protein S23

RPS23

2.92E-06

-1.506

0.9121 1.011

2.38E-05

-1.571

0.6681 1.068

Similar to SRR1-like protein (LOC402055), mRNA
solute carrier family 2 (facilitated glucose transporter), member 14

SLC2A14

4.13E-06

1.725

0.392 1.165

solute carrier family 22 (organic cation transporter), member 2

SLC22A2

3.16E-05

-1.624

0.5441 1.092

solute carrier family 4, anion exchanger, member 1

SLC4A1

1.14E-06

-2.141

0.5627 1.129

tetratricopeptide repeat domain 9

TTC9

2.13E-04

-1.665

0.9889 1.002

transmembrane 4 superfamily member 9

TM4SF9

8.01E-09

-1.659
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0.293

1.14

transmembrane 9 superfamily member 1

TM9SF1

4.40E-05

1.641

transporter 2, ATP-binding cassette, sub-family B (MDR/TAP)

TAP2

1.21E-07

1.852

0.6525 -1.074
0.9386 1.013

WAP four-disulfide core domain 1

WFDC1

2.88E-05

-1.69

0.5997

Table.4: Genes that are differentially expressed in SLE. Genes that are involved in mitochondrial or
ribosomal function are indicated in italic blue.
Gene
SS
SLE
Gene Description
Symbol
p-value SS FC p-value

1.09

SLE
FC

actinin, alpha 4

ACTN4

0.95

1.005

3.78E-05 -1.506

adenylosuccinate synthase

ADSS

0.14

-1.075

5.66E-09 -1.563

alpha-1,4-N-acetylglucosaminyltransferase

alpha4GnT

0.89

1.026

0.000105 -1.956

Ankyrin repeat domain 12

ANKRD12

0.53

-1.136

1.94E-05 -3.272

ATP synthase, H+ transporting, mitochondrial F0 complex, subunit g

ATP5L

0.61

1.036

2.08E-07 1.533

ATP synthase, H+ transporting, mitochondrial F0 complex, subunit g

ATP5L

0.93

1.006

2.09E-06 1.506

ATP synthase, H+ transporting, mitochondrial F0 complex, subunit g

ATP5L

0.51

-1.047

2.75E-06 1.529

ATP synthase, H+ transporting, mitochondrial F1 complex

ATP5C1

0.14

1.099

4.2E-08 1.518

ATP synthase, H+ transporting, mitochondrial F1 complex

ATP5C1

0.36

1.06

1.33E-07 1.526

ATP synthase, H+ transporting, mitochondrial F1 complex, epsilon

ATP5E

0.42

-1.059

3.64E-08 1.779

ATPase, H+ transporting, lysosomal 70kDa, V1 subunit A

ATP6V1A

0.87

-1.029

2.68E-05 -2.403

BPY2 interacting protein 1

BPY2IP1

0.94

1.006

1.01E-05 -1.596

calmodulin regulated spectrin-associated protein 1

CAMSAP1

0.44

1.143

9.07E-06 -2.288

cathelicidin antimicrobial peptide

CAMP

0.85

1.036

1.16E-05 2.543

cell division cycle 2-like 1 (PITSLRE proteins)

CDC2L1

0.88

-1.02

2.46E-05 -2.255

Chromosome 14 open reading frame 43

C14orf43

0.75

-1.053

1.15E-06 -2.737

Cystatin A (stefin A)

CSTA

0.07

1.189

6.04E-10 2.286

cytochrome c oxidase subunit VIIc

COX7C

0.45

1.111

3.27E-10 2.413

cytochrome c oxidase subunit VIIc

COX7C

0.49

1.09

2.09E-08 1.866

defensin, alpha 4, corticostatin

DEFA4

0.86

1.033

9.79E-05 2.445

DnaJ (Hsp40) homolog, subfamily D, member 1

DNAJD1

0.43

-1.182

1.66E-06 2.394

dynactin 1 (p150, glued homolog, Drosophila)

DCTN1

0.70

-1.035

3.43E-05 -2.008

eukaryotic translation initiation factor 3, subunit 10 theta, 150/170kDa

EIF3S10

0.46

-1.062

1.18E-05 -1.948

eukaryotic translation initiation factor 4 gamma, 1

EIF4G1

0.11

-1.086

3.33E-08

eukaryotic translation initiation factor 5B

EIF5B

0.24

-1.201

2.81E-07 -2.325

filamin A, alpha (actin binding protein 280)

FLNA

0.44

-1.073

1.33E-05 -1.732

follicular lymphoma variant translocation 1

FVT1

0.77

-1.061

8.58E-07 -2.748

G protein-coupled receptor 125

GPR125

0.70

1.07

8.27E-06 -1.999

gap junction protein, epsilon 1, 29kDa

GJE1

0.84

-1.03

5.31E-07 -2.214

-1.51

Glucose regulated protein, 58kDa

GRP58

0.54

1.044

1.56E-07 -1.644

heat shock 90kDa protein 1, beta

HSPCB

0.08

-1.094

2.11E-09 -1.524

heme binding protein 2

HEBP2

0.27

1.069

1.21E-07 1.547

heterogeneous nuclear ribonucleoprotein U

HNRPU

0.09

-1.082

3.31E-08 -1.537

HLA-B associated transcript 8

BAT8

0.58

-1.085

1.09E-05 -2.706

hypothetical protein FLJ10350

FLJ10350

0.22

-1.069

1.43E-06 -1.508

immunoglobulin heavy locus

IGH@

0.92

1.016

4.87E-05 -1.915

interleukin enhancer binding factor 3, 90kDa

ILF3

0.36

-1.052

4.18E-07 -1.575
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KIAA0515

KIAA0515

0.63

1.073

2.36E-07 -2.408

LSM1 homolog, U6 small nuclear RNA associated (S. cerevisiae)

LSM1

0.21

1.229

6.66E-08 2.327

mitochondrial isoleucine tRNA synthetase

FLJ10326

0.28

-1.113

3.64E-06 -2.052

mitochondrial ribosomal protein L40

MRPL40

0.54

1.109

2.92E-05 2.007

Moesin

MSN

0.16

-1.087

5.66E-10 -1.817

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6, 14kDa

NDUFA6

0.20

1.112

1.23E-06

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 1, 7kDa

NDUFB1

0.89

1.012

2.52E-06 1.609

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3

1.54

NDUFB3

0.06

1.269

9.6E-13 2.496

Nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 3 NFATC3

0.84

-1.016

9E-05 -1.871

Nuclear receptor coactivator 1

NCOA1

0.55

-1.06

0.000051 -1.543

Perforin 1 (pore forming protein)

PRF1

0.56

-1.051

2.45E-07 -1.861

phosphatidylglycerophosphate synthase

PGS1

0.66

1.053

3.88E-05 1.657

POM121 membrane glycoprotein (rat)

POM121

0.30

-1.064

1.01E-09 -1.859

PQ loop repeat containing 1

PQLC1

0.96

-1.005

1.21E-05 1.843

PR domain containing 2, with ZNF domain

PRDM2

0.47

-1.109

0.000012 -2.189

pre-B-cell leukemia transcription factor interacting protein 1

PBXIP1

0.93

1.016

4.35E-05 -2.132

prefoldin 5

PFDN5

0.12

1.19

7.71E-11 2.471

prefoldin 5

PFDN5

0.11

1.171

2.43E-09 2.138

protease, serine, 23

SPUVE

0.65

1.082

2.62E-06 -2.344

protein kinase, cAMP-dependent, regulatory, type I, alpha

PRKAR1A

0.21

-1.115

9.36E-08 -1.693

Protein tyrosine phosphatase, receptor type, C

PTPRC

0.29

-1.171

3.93E-06 -2.568

RaP2 interacting protein 8

RPIP8

0.82

-1.041

6.99E-05 2.045

Retinoid X receptor, beta

RXRB

0.95

-1.008

5.52E-05 -1.841

ribosomal protein L26

RPL26

0.94

1.01

0.000117 1.785

ribosomal protein L31

RPL31

0.90

1.017

1.45E-05 2.075

ribosomal protein L34

RPL34

0.59

1.085

1.85E-05 2.444

ribosomal protein L39

RPL39

0.76

1.04

ribosomal protein L41

RPL41

0.48

-1.07

4.35E-09 1.889

ribosomal protein S15a

RPS15A

0.89

1.015

9.07E-06 1.792

ribosomal protein S17

RPS17

0.74

1.043

6.52E-06

2.15

ribosomal protein S17

RPS17

0.87

1.021

9.32E-05

1.9

ribosomal protein S3A

RPS3A

0.93

1.01

ribosomal protein S7

RPS7

0.58

1.079

1.35E-05 2.106

ring-box 1

RBX1

0.54

1.064

5.41E-08 2.011

3.96E-07

1.93

3.91E-05 1.898

runt-related transcription factor 3

RUNX3

0.66

1.032

1.71E-06 -1.683

S100 calcium binding protein P

S100P

0.29

1.242

9.33E-08 2.487

SEC23 interacting protein

SEC23IP

0.66

-1.066

3.08E-06 -2.221

0.90

1.016

0.000133 1.832

Similar to 40S ribosomal protein S17 (LOC402057), mRNA [BLAST]
splicing factor proline/glutamine rich (polypyrimidine tract binding protein
SFPQ
associated)
squamous cell carcinoma antigen recognised by T cells 3
SWI/SNF related, matrix associated, actin dependent regulator of
chromatin, subfamily c, member 1

0

0.92

1.007

9.54E-05 -1.528

SART3

0.61

-1.112

1.88E-05 -2.536

SMARCC1

0.51

1.039

9.56E-08 -1.543

transcobalamin I (vitamin B12 binding protein, R binder family)

TCN1

0.44

-1.061

9.83E-06 1.527

transforming growth factor, beta receptor III (betaglycan, 300kDa)

TGFBR3

0.95

-1.006

5.54E-05 -1.739

trans-golgi network protein 2

TGOLN2

0.94

1.005

3.14E-07 -2.004

tumor rejection antigen (gp96) 1

TRA1

0.79

1.021

1.11E-06 -1.795
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ubiquinol-cytochrome c reductase (6.4kD) subunit

UQCR

0.15

1.09

ubiquinol-cytochrome c reductase binding protein

UQCRB

0.68

-1.072

7.99E-05

2.7E-11 1.744
1.98

ubiquinol-cytochrome c reductase hinge protein
ubiquitin-activating enzyme E1 (A1S9T and BN75 temperature
sensitivity complementing)

UQCRH

0.81

1.017

2.34E-06

1.55

UBE1

0.81

1.019

3.08E-05 -1.537

zinc finger RNA binding protein

ZFR

0.36

-1.111

1.09E-05 -1.556

Table.5: Genes involved in ribosomal and mitochondrial function that are upregulated in SLE
patients but are not disregulated or dowregulated in SS patients.

Gene Description
LSM1 homolog, U6 small nuclear RNA
associated
NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex
ubiquinol-cytochrome c reductase binding
protein
cytochrome c oxidase subunit VIIc
ATP synthase, H+ transporting, mitochondrial
F1 complex
Ubiquinol-cytochrome c reductase
ribosomal protein L41
ubiquinol-cytochrome c reductase hinge
protein
ATP synthase, H+ transporting, mitochondrial
F1 complex
cytochrome c oxidase subunit VIIc
ATP synthase, H+ transporting, mitochondrial
F0 complex
ribosomal protein L39
ribosomal protein S15a
ribosomal protein S7
ribosomal protein S17
Similar to 40S ribosomal protein S17, mRNA
ribosomal protein S17
ribosomal protein S3A
ribosomal protein L34
ribosomal protein L31
ribosomal protein L26
NADH dehydrogenase (ubiquinone) 1 beta
subcomplex
NADH dehydrogenase (ubiquinone) 1 beta
subcomplex
mitochondrial ribosomal protein L40

SS
SLE
Fold
p-value
Change

SLE
Fold
Change

Gene
Symbol

SS
p-value

LSM1

0.2098

1.229

6.7E-08

2.327

NDUFA6

0.2009

1.112

1.2E-06

1.54

UQCRB

0.676

-1.072

8E-05

1.98

COX7C

0.4903

1.09

2.1E-08

1.866

ATP5E

0.4223

-1.059

3.6E-08

1.779

UQCR
RPL41

0.1478
0.4803

1.09
-1.07

2.7E-11
4.3E-09

1.744
1.889

UQCRH

0.8117

1.017

2.3E-06

1.55

ATP5C1

0.3552

1.06

1.3E-07

1.526

COX7C

0.4903

1.09

2.1E-08

1.866

ATP5L

0.6067

1.036

2.1E-07

1.533

RPL39
RPS15A
RPS7
RPS17
RPS17
RPS3A
RPL34
RPL31

0.7604
0.8925
0.5845
0.7428
0.8971
0.7428
0.9335
0.5891
0.899

1.04
1.015
1.079
1.043
1.016
1.043
1.01
1.085
1.017

4E-07
9.1E-06
1.3E-05
6.5E-06
0.00013
6.5E-06
3.9E-05
1.8E-05
1.5E-05

1.93
1.792
2.106
2.15
1.832
2.15
1.898
2.444
2.075

RPL26

0.9435

1.01

0.00012

1.785

NDUFB1

0.8877

1.012

2.5E-06

1.609

NDUFB3
MRPL40

0.0621
0.5446

1.269
1.109

9.6E-13
2.9E-05

2.496
2.007
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Chapter IV: Summary and Conclusion

4. A. The overall hypothesis of the study
The main hypothesis underlying this study is that SS patients have a “specific” gene
expression signature in the peripheral blood cell that distinguishes them from normal
individuals. Using microarray technology, which allows quantitative measurements of
expression level of thousands genes simultaneously, we aimed to identify new genes and
molecular pathways dysregulated in SS that provide important new clues regarding
pathogenesis of this disorder.
4. B. The overall objectives of the study
The objectives of this study could be summarized under the following specific aims:
¾

Identify differentially expressed genes in the peripheral blood cells of SS
compared to control subjects using Affymetrix genechip.

¾

Validate gene expression signatures in an independent SS patient data.

¾

Explore correlations between the clinical features and the gene expression.

¾

Identify clinically relevant biological pathways that are dysregulated in
subsets of SS patients.

¾

Compare gene expression patterns of SS patients to SLE patients and define
gene expression signatures that are either common or distinct between the
two patient populations

4. C. Overall methods used in the study
4. C. 1. Patient enrollment : Patients were enrolled into the SS Microarray study using
83

the 2002 Revised European Criteria recently proposed by the American-European
Consensus Group. A total of 56 SS patents were enrolled. Data collection for those
enrolled included patient interviews, completion of a detailed questionnaire, extensive
medical record review and physical examination. Data were collected for Shirmer’s test,
salivary flow measurements and phlebotomy used for flow cytometry studies, RNA
extraction, EBV cell lines, Ro/La autoantibody measures and other clinical labs.
4. C. 2. General methods used: Total RNA extracted from peripheral blood was
hybridized to Affymetrix Genechips, including the U95A that has ~ 12,600 gene features
or U133A with ~22,800 gene features.
The following four quality control checks and normalization were performed in this
study: ratio of 3’ to 5’ probe sets equal to 1 or < 3, percent of genes called ‘present’ >
30%, controls include murine seq (-) and housekeeping seq (+), Data scaled to allow chip
to chip comparison.

Differentially expressed genes between patients and controls were determined by:
-

t-tests (unequal variances), p<0.001

-

Fold change in expression values >|1.5|

-

Difference in absolute expression values >100

4. D. Overall conclusion from different aims
4. D. 1. Summary and conclusion I: The main aim for this part of the study was to see if
there are differentially expressed genes in the peripheral blood cells of SS compared to
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control subjects using microarray analysis. We tried to validate gene expression
signatures in two independent groups of SS patient. We had the following independent
SS gene expression datasets:

i) Dataset 1: Consisted of 21 SS patients and 23 controls.
The U95A Affymetrix GeneChip with ~12,600 genes was
used in this data set.
ii) Dataset 2: Consisted of 16 SS patients and 22 controls.
The U133A Affymetrix GeneChip with ~22,800 genes was
used in this dataset.

We had the following conclusion in this section of the study:
¾

Differentially expressed genes can be identified in peripheral blood of SS
patients

¾

Interferon-inducible genes are a major component of overexpressed genes,
and this signature is reproducible in independent samples.

4. D. 2: Summary and conclusion II: The main aim here was to explore the correlations
between the clinical features and the gene expression and to identify clinically relevant
biological pathways that are dysregulated in subsets of SS patients. To achieve this we
studied the gene profile of 36 SS patients and 22 controls (matched controls) using the
U133A Affymetrix GeneChip.
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The conclusion for this part of the study is:
¾

Overexpression of IFN related genes is significantly correlated with antiRo/SSA and anti-La/SSB titers, as well as sicca manifestations.

4. D. 3. Summary and conclusion III: The main aim here was to compare gene
expression patterns of SS patients to SLE patients. To achieve this aim, we used the
following two SS and SLE datasets:
i) The SS Dataset consisted of 36 Caucasian female SS
cases and 62 Caucasian female controls.
ii) The SLE Dataset consisted of 35 Caucasian female SLE
cases and 62 Caucasian female controls.
The U133A Affymetrix GeneChip, containing ~22,000 genes, were used in both SS and
SLE datasets.
We had the following conclusions from these studies:
¾

Inducible genes in the type I IFN pathway comprise a prominent signature in
SS and SLE patients

¾

Overexpression of IFN related genes is significantly correlated with antiRo/SSA and anti-La/SSB titers in SS and SLE

¾

Some Ribosomal/Mitocondrial function genes are highly overexpressed in
SLE patients but underexpressed/not disregulated in SS patients relative to
controls
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4. E. Significance and future direction
¾

This study has powerful hypothesis-generating potentials that can identify
new genes and gene pathways dysregulated in SS.

¾

This study identified overexperssion of IFN inducible genes as the prominent
signature in SS and shows the importance of this pathway in the pathogenesis
of SS.

¾

This study allows us to characterize different subsets of SS patients based on
their clinical manifestations and gene expression patterns.

¾

This study provides important information that can be used for defining new
criteria for classification, diagnosis and treatment of SS patients.

¾

This study provides evidence for possible “candidate genes” that can be used
for future genetic association or protein studies.
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