Systemic lupus erythematosus diagnostics in the

‘omics era

Systemic lupus erythematosus is a complex autoimmune disease affecting multiple organ systems. Currently,
diagnosis relies upon meeting at least four out of eleven criteria outlined by the ACR. The scientific
community actively pursues discovery of novel diagnostics in the hope of better identifying susceptible
individuals in early stages of disease. Comprehensive studies have been conducted at multiple biological
levels including: DNA (or genomics), mRNA (or transcriptomics), protein (or proteomics) and metabolites
(or metabolomics). The ‘omics’ platforms allow us to re-examine systemic lupus erythematosus at a greater
degree of molecular resolution. More importantly, one is hopeful that these ‘omics’ platforms may yield
newer biomarkers for systemic lupus erythematosus that can help clinicians track the disease course with

greater sensitivity and specificity.
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Systemic lupus erythematosus (SLE) is a complex
autoimmune disease affecting multiple organ
systems. The lifetime risk of diagnosis with SLE
is 0.9% for females and 0.2% for males [1]. In
the 1950s a 50% survival rate at 5 years was
reported [2]. A more recent study in 2003 noted
great improvements with a 10-year survival rate
0f92% [3]. Currently, diagnosis relies upon meet-
ing at least four out of 11 clinical and laboratory
criteria outlined by the ACR. A 0.96 sensitivity
and 0.96 specificity and a calculated area under
the receiver operating curve (AUC) of 0.96 has
been noted when patients were classified based
on the 1971 criteria for diagnosis (4]. The com-
plexity of the disease and requirement of meeting
four ACR criteria, often leads to a delay in diag-
nosis. A study from 2003 found that the interval
between first symptom and diagnosis was on the
average 21.82 months [5]. Antinuclear antibod-
ies (ANAs) are antibodies that target proteins
within the nucleus of cells. Although ANAs are
positive in 0.98% of SLE patients, they can also
be positive in other autoimmune diseases and
healthy controls, making ANA-positivity insuf-
ficient for diagnosis of SLE [¢]. In fact, approxi-
mately a quarter of the general population has a
measurable ANA [7]. The scientific community
actively pursues discovery of novel diagnostics in
the hope of better identifying susceptible indi-
viduals in early stages of disease, and subgroups
with specific organ involvement predisposition.
Research aims to improve diagnosis, surveillance,
and treatment of SLE. Comprehensive studies of
SLE have been conducted at multiple biological
levels including: DNA (or genomics), mRNA
(or transcriptomics), protein (or proteomics) and
metabolites (or metabolomics). Indeed, compre-
hensive profiling using multiple ‘omics’ platforms
has yielded novel insights on a wide spectrum
of diseases, as summarized through the Nature
Publishing Group’s Omics Gateway [201]. These
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global technologies are proving to be equally
informative in the study of SLE (Ficure 1).

Genomics
Genomics is the comprehensive analysis of
the DNA of living beings. The observation of
familial aggregation of SLE in the 1970s sparked
interest in the study of the DNA of SLE patients.
Monozygotic twins have been noted to have a
24% concordance of SLE [8]. The sibling recur-
rence-risk ratio () is the ratio of risk of being
affected by a disease given that one’s sibling is
affected and the risk of the disease in the general
population. The SLE A_has been reported to
be 5.8-29, alluding to the presence of familial
aggregation (9]. Also, it is well established that
the incidence of SLE is greater in females and
in particular racial groups. These observations
have led to great efforts to identify regions in
the genome that confer susceptibility for SLE.
The first noted genetic association with lupus,
the HLA locus, was discovered in the 1970s.
HLA class IT alleles DR and DQ are associated
with SLE [10]. HLA-DRBI*15and HLA-DRBI*16
(jointly formerly DR2) and HLA-DRBI*03 (for-
merly DR3) alleles were noted to be present in
two-thirds of SLE patients, with those heterozy-
gous for DR2 and DR3 or homozygous for DR3
having the highest risk [10]. Anti-Ro and anti-La
antibodies have been noted to be associated with
HLA-B*08 (B8), HLA-DRBI1*03 (DR3), HLA-
DQBI*02 (DQ2), and HLA-C4AQ0 (C4AQ0)
(11]. In the decades following, associations with
HLA class III, more specifically the complement
system, including C2, C4 and Clq, were discov-
ered. Patients with each of these three comple-
ment deficiencies were noted to have clinically
diagnosed SLE with ANAs [12]. Murine comple-
ment gene knockout models have also been cre-
ated that develop SLE-like disease [13-16]. In addi-
tion to the above genes, several newer candidates
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Systemic lupus erythematosus diagnostics in the ‘omics’ era

Potential markers of SLE

AFF1, APOBEC4, ARID5B, ATF65, ATGS, BACH2, BANK1, BLK, C1q, C2, C4, C6orf10,
C10o0rf64, CD44, CD80, CD247, CDKN1B, CLEC16A, COL25A1, CREBL2, DDA1,
DGUOK, DRAM1, ELF1, ETS1, FCLR2A, FCAR3A/B, GHR, GPR19, HIC2, HIP1,
HLA-DQAT1, HLA-DQA2, HLA-DQB1, HLA-DQB2, HLA-DRB1, IFIH1, IKZF1, IL10,
IRAK1/MECP2, 1RF5, IRF7, ITGAM, ITGAX, JAZF1, KIAA1542, LAMC2, LEF1, LRRC18,
LYN, MICB, MSH5, NAALADL2, NEGR1, NOTCH4, NTNG2, OR4A15, PRDM1, PRKCB,
PTPN22, PTTG1, PXK, RASGRP3, RPL7AP59, RTKN2, SCN10A, SEZ6L2, SIAE,
SLC15A4, SLC1A7, SLC29A3, SOCS6, STAT4, TET3, TMC2, TNFAIP3, TNFSF4, TNIP1,
TNPO3, TNXB, TREX1, UBE2L3, UHRF1BP1, WDFY4 [10-12,17-46,60-66,70]

APOBECS3B, DEFA1, EIF2AK2/PRKR, FCAR, FCGR1A/CD64, IFI44, IFI44L, IFIT1, IFIT3,
IFIT4, IL1B, IL1R2, IL1RN, IRF7, LGALS3BP, LY6E, MAP3K8, MX1, OAS1, OAS2,
OASL3, OASL, PLSCR, SERPING1, TRAIL, XAF1 [89-98]

MALDI-TOF MS (m/z 3376.02, 4070.09, 7770.45, 28045.1), iTRAQ (e.g., PBMC: brain acid
soluble protein 1, cDNA FLJ61039, histone H2A type 1, isoform 2 of zinc finger protein

549, myeloblastin, neutrophil defensin 1, protein S100-P, kidney: aldolase, annexins,
arginosuccinate synthetase, heterogeneous nuclear ribonucleoprotein), 2D-gel and
MALIDI-TOF MS (e.g., SA100A9), targeted protein microarray (e.g., CCL3/MIP-1A,
CCL7/MCP-3, CCL8/MCP-2, CLIC2, CXCL8/IL-8, GDTP1, IL-2SRA, IL-6, MORF4L1,
PBOV1), autoantigen microarray (e.g., antibody to: chromatin, dsDNA, EBV, hyaluronic
acid, laminin, myosin, ssDNA, vimenfin), B-C3d, B-C4d, IFN-A. IL-1, IL-2, IL-10, IL-12,

IL-16, NGAL, Siglec-1/CD169, T-C3d,T-C4d, TGF-B, TNF-a, urinary ICAM-1, urinary MCP-1,
urinary OPG, urinary TWEAK, urinary VCAM-1 [111-130,135-138]

5-HETE, 9-HODE, 13-HODE, o-ketoglutarate, DHA, EPA, y-glutamylalanine,
glutamine, GSH, lactate, LDL, laukotriene B4, MDA, pyruvate [141-143]

Figure 1. Markers of systemic lupus erythematosus emerging from ‘omics’ studies.
DHA: Docosahexaenoic acid; EBV: Epstein—Barr virus; EPA: Eicosapentaenoic acid; GSH: Glutathione; iTRAQ: Isobaric tags for relative and
absolute quantitation; LDL: Low-density lipoprotein; MALDI-TOF: Matrix-assisted laser desorption/ionization time-of-flight;

MDA: 3,4-methylenedioxyamphetamine; MS: Mass spectrometry; PBMC: Peripheral blood mononuclear cell; SLE: Systemic lupus

erythematosus.

in this genetic interval have also been linked to
SLE susceptibility. MSHS, a gene that is involved
in immunoglobulin class switching, is located in
the HLA class III region and is highly associated
with SLE [17]. A focused evaluation of this region
identified MICB, ATF6B/BREBLI, C6orf10 and
NOTCH4 in addition to HLA-DQB2, HLA-
DQAI and HLA-DRBI as being associated with
SLE [18.19]. To date, some of the strongest genes
for SLE are the ones described approximately
four decades ago — DR2, DR3, C2, C4 and
Clgq. Similarly, receptors for the Fc region of
IgG (FcyR) have been associated with SLE for
decades [20]. Thus, the HLA region on chromo-
some 6 and the FcyR region on chromosome 1
remain important genetic loci in SLE.

Besides the HLA and complement genes, mul-
tiple single nucleotide polymorphisms (SNPs)
within several additional genes have been iden-
tified to be associated with SLE. Some of these
SNDPs are noted to have racial associations to
populations of African, European, Hispanic,
Asian and Amerindian origin [18.21-32]. Techno-
logical advances have facilitated the discovery of
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more candidate genes using genome-wide associ-
ation studies (GWAS). As tracked at genome.gov
(a NIH database of published GWAS) there
have been 14 studies reported pertaining to
SLE, however some have overlap of patients
(202]. Greater than fifty genes for SLE have been
uncovered by these GWAS [33-46]. STAT4, IRF5,
BLK, WDFY4, ETSI, [TGAM and UBE2L3 are
noted to have association with SLE in multi-
ple studies in the NIH database; interestingly
STAT4, IRF5, BLK, and ETSI are also reported
in rheumatoid arthritis GWAS (Taste 1) [47-56].
STAT4 and IRF5 have also been reported with
systemic sclerosis [57-59]. Several additional stud-
ies have reported significant genetic associations
to yet other genes [60-66].

A meta-analysis of all GWAS studies requir-
ing at least two reports with a p < 1 x 107 for
significance has identified HLA-DRBI*0301
(HLA-DR3), HLA-DRBI*I501 (HLA-DR?2),
PTPN22, IRF5, STAT4, BLK, TGAM and
TNFAIP3 as genes confirmed to be associated
with SLE (67]. These can be further categorized
according to the immune function they impact.
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Table 1. Candidate genes for systemic lupus erythematosus identified in

genome-wide association studies listed by chromosomal location.

Region

1p31.1
1p32.3
1924.2
1925
1031
2p13
2p16
2p22
2931
2932.3
3p14.3
3p22
3q13.3
3026.3
49213
4q24
4925
4928
5p13.1
5033.1
533.3
7p12
7q11.23
7932
8p23.1
9g34.1
10q11.2
10q21.2
10g22.1
11p13
11p15.5
11q11
11q23.3
11q24
12p13.1
12p13.2
12021.2
1223
12024.33

Candidate gene(s)

NEGR1

SLC1A7

CD247

TNFSF4, LAMC2, APOBEC4
Intergenic
DGUOK, TET3
REL

RASGRP3, QPCT
Intergenic
STAT4

PXK, ARHGEF3
SCN10A

CD80
NAALADL2
AFF1

BANKT
COL25A1, LEF1
Intergenic

GHR

TNIP1

PTTGT

IKZF1, GRB10
HIP1

IRF5, TNPO3
BLK, C8orf13
NTNGZ2

WDFY4, LRRC18, C100rf64
ARID5B, RTKN2
SLC29A3

CD44

KIAA1542
OR4A15

DDX6

ETST, FLIT
GPR19, CDKN1B
CREBL2, RPL41, ESYTI
RPL7AP59
DRAM1
SLC15A4

SLE ref.

[38,46)

[43]
[35,37,38,41,43,45,46)
[36]

[46]

[46]

[43]

[41]

[34,46]

[43]

(38,46]

(38,41]
35,36,38,43,45,46]
[35,37,38,41,43,45,46)
[35]

[37-39]

[46]

[46]

[46]

[36,43]

[43]

[38]

[38,39,41]

[46]

[46]

[43]

[46]

(38,46]

RA ref.

[47,48]

[47,49]

[s0]

[47,48,51]
[47,52]

[47,53]
[49,52]

[54,55]

Systemic
sclerosis ref.

[57-59]

[57-59]

(58]

[59]

[57-59]

[59]

This table summarizes the 14 SLE genome-wide association studies included on Genome.gov in order of location with
chromosome 6 removed due to variable reporting of the HLA region [202]. Overlap of SLE candidate genes with RA and
systemic sclerosis genome-wide association studies on Genome.gov are included in the final columns.

RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus.
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Systemic lupus erythematosus diagnostics in the ‘omics’ era

Region Candidate gene(s)
139141 ELF1, ENOX1

16p11.2 ITGAM, ITGAX, SEZ6L2
16p13.1 CLECT6A

17p12 Intergenic

18q22 SOCS6, CBLN2

19p13.1 DDAT

20p13 ™™C2

22q11.2 UBE2L3, HIC2

SLE ref. RA ref. Systemic
sclerosis ref.

[42,46] 56]
[35-38,43,46]
(46]
(37]

[3] (50]

(46] (56]
[43]
38,43,46]

This table summarizes the 14 SLE genome-wide association studies included on Genome.gov in order of location with
chromosome 6 removed due to variable reporting of the HLA region [202]. Overlap of SLE candidate genes with RA and
systemic sclerosis genome-wide association studies on Genome.gov are included in the final columns.

RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus.

IRF5, STAT4 and TINFAIP3 have roles in the
innate immune response, whereas HLA-DR3,
HLA-DR2, PTPN22, BLK and STAT4 have roles
in lymphocyte activation and/or function, and
ITGAM is involved in phagocytosis, cell adhe-
sion and inflammation [17]. Collectively, these
findings suggest that genetic aberrations that
impact the adaptive immune system, as well
as those that shape innate immunity, are both
important in lupus pathogenesis, as suggested by
previous studies in murine lupus [68].
Individually, these genetic associations are not
strongly predictive of SLE disease; however, the
development of SNT panels for potential future
diagnostics appears promising. A panel of 11
SNPs found within the following genes: HLA,
ITGAM, IRF5/TNPO3, KIAAI542 and PXK is
noted to have an AUC of 0.67 with a reason-
able degree of sensitivity and specificity for SLE
(36]. Recently, a more extensive panel comprised
of 22 SNPs within the following genes: HLA-
DRBI (DR3 allele tag), IRF5, ITGAM, STAT4,
PTPN22, UHRFIBPI, IL10, TNIPI, TNFSF4,
KIAAI5S42, FCAR2A, BLK, UBE2L3, HLA-
DRBI (DR2allele tag), IRAKI/MECP2, PTTG],
TNFAIP3, PRDM]I, PXK, JAZFI, ATGS and
BANKI was reported to have an AUC of 0.679,
that improved to 0.689 when weighted, based
on odds ratios [69]. Researchers continue refining
these SN panels in order to improve their utility
as a diagnostic tool for the future. In contrast to
these common genetic polymorphisms identified
using GWAS, which are relatively frequent in
both the disease-affected and unaffected popula-
tions, rarer genes also exist that have larger effect
sizes and a greater impact on SLE development
including SIAE, TREXI and IFIHI [70]. Col-
lectively, the common polymorphisms and rare
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variants that have thus far been identified as
being SLE-associated, account for less than half
of the estimated genetic contribution to SLE.
Efforts are underway in multiple laboratories
using high throughput next generation sequenc-
ing in order to get at this ‘missed heritability’.
Continued discovery and characterization of
common and rare genetic polymorphisms will
likely lead to improved gene-based diagnostic
panels for this genetic disease.

Genetic relationships in responses to thera-
peutics are the focus of pharmacogenomics.
For example, individuals possessing allelic vari-
ants in the CYP450 complex or the glutathione
S-transferase enzyme system have higher risk of
cyclophosphamide toxicity [71]. TPMT genetic
polymorphism testing is often utilized in clini-
cal practice prior to initiation of azathioprine
or 6-mercaptopurine owing to the association
with bone marrow toxicity. Beyond predicting
toxicity, pharmacogenomics is being utilized to
predict beneficial therapeutic response, though
this emerging branch of science has not yet been
applied to the study of SLE (71.72].

Closely linked to DNA sequences are altera-
tions that directly influence the expression of
genes. Epigenomics is the comprehensive evalu-
ation of modifications to DNA including meth-
ylation, chromatin remodeling/histone modifica-
tion, miRNAs and transcription factors, all of
which ultimately impact gene expression. The
contribution of epigenomics to the development
of SLE is currently undergoing extensive evalu-
ation. Genome-wide studies of CD4* T cells
noted a majority of genes to be hypomethylated
in lupus patients versus healthy controls (73.74].
Global hypomethylation was observed in samples
of heterogeneous peripheral white blood cells,

www.futuremedicine.com
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with significant reduction of IL-10 and IL-1R2
methylation [75]. Histones are also noted to alter
gene expression as a result of methylation and
acetylation. CD4* T cells from lupus patients
were noted to have hypomethylation and hypo-
acetylation of H3 and H4 histones [76]. Addi-
tional studies reported functional changes as a
result of histone modifications [77-79]. Further
studies are warranted to explore if these epigen-
etic changes are the consequence of the disease,
or whether they may actually impact pathogenic
pathways leading to lupus.

Another category of epigenetic contributors
are small noncoding segments of RNA, known
as miRNAs. miRNA arrays have been used to
identify multiple upregulated and downregulated
miRNAs in peripheral blood mononuclear cells
(PBMC:s) from patients with SLE. Three such
studies were evaluated for overlaps and noted the
downregulation of hsa-let7a, hsa-miR-196a, hsa-
miR-17-5p and hsa-miR-383; and upregulation
of hsa-miR-21, hsa-miR-342 and hsa-miR-198
in lupus (80-82]. Cell-free plasma has also been
evaluated for circulating miRNAs leading to the
identification of target genes involved in apopto-
sis, T-cell development, cytokine receptors and
other signaling pathways [83.84]. The involvement
of miRNAs in Toll-like receptor pathways is an
additional area of investigation [85,86]. Transcrip-
tion factors (TFs) are key drivers of gene expres-
sion through direct interaction with DNA. An
array containing 345 TFs detected 78 upregu-
lated and 14 downregulated TFs in PBMCs from
SLE patients compared with controls [87]. The
disease potential of TFs in SLE is well illustrated
by a recent study evaluating cAMP-responsive
element modulator o and its impact on IL-17
expression in SLE [88]. Our understanding of how
miRNAs and various TFs regulate the expressed
transcriptome in various immune cell types in
the context of SLE is just beginning to blossom.

Transcriptomics

Transcriptomics evaluates comprehensive gene
expression, or the RNA message that is being
transcribed from the DNA sequence in a global
fashion. Microarray technology has allowed rapid
and comprehensive evaluation of gene expression
differences between SLE patients and healthy
controls. Unlike genomics, transcriptomics
focuses on particular cells or tissues. Given the
known immunologic effects of SLE, the focus of
transcriptomic analyses in SLE has mostly been
geared towards peripheral blood white blood cell
populations. A study comparing PBMCs from
patients with various autoimmune diseases,

Int. J. Clin. Rheumatol. (2013) 8(6)

including SLE, and healthy controls found dif-
ferences in gene expression levels related to apop-
tosis, cell migration, cell differentiation and cell
cycle progression [89]. Another study involved a
comparison of PBMCs of SLE patients to con-
trols using a focused cDNA array of cytokines,
chemokines, growth factors and apoptosis and
immunomodulatory genes. It highlighted the
upregulation of genes related to TNF/death
receptors, IL-1 and IL-8 [90]. Similarly, one more
PBMC-based microarray study noted the upreg-
ulation in death receptors and IL-1, Fc receptors,
cell adhesion molecules and multiple type I inter-
feron (IFN) pathway genes [91]. The importance
of the IFN pathway was reinforced by another
study of PBMCs from pediatric SLE patients;
this report also highlighted a second upregulated
pathway comprised of granulocyte-specific genes
(92]. IFN pathway genes were also found to be
upregulated in peripheral white cells of SLE
patients, including: /FN-w, IFIT1, IFIT2, [FIT4,
OASI, OASL and LYGE [93). Similar profiles were
noted in a few additional microarray studies in
SLE [94-98]. Given that the study of peripheral
blood mononuclear cells’ expression profiles can
yield biased results due to the heterogeneity of
the cell populations (in patients versus controls),
some cell-specific studies have been undertaken
in T cells [991, B cells [100] and plasma cells from
SLE patients [101].

Seven published microarray studies of PBMCs
from SLE patients versus controls were evaluated
for overlaps. Any gene transcript that was identi-
fied in two or more of the studies by Baechler
et al., Bennett et al., Biesen et al., Crow and
Wohlgemuth, Han et al., Lyons et al. and Rus
et al. is included in the following list of 26 genes:
APOBEC3B, DEFAI, EIF2AK2/PRKR, FCAR,
FCGRIA/CDG64, IFl44, IFI44L, IFITI, IFIT3,
IFIT4, ILIB, ILIR2, ILIRN, IRF7, LGALS3BP,
LYGE, MAP3KS, MXI1, OASI, OAS2, OASL3,
OASL, PLSCR, SERPINGI1, TRAIL and XAFI
(90-93,96-98]. The vast majority of these genes are
involved in the type I IFN pathway, as noted by
others [91,102-105]. For instance, 29 out of 30 pedi-
atric lupus patients were found to have an IFN sig-
nature [106]. Indeed IFN-o treatment can induce
a lupus-like syndrome in 0.1-2.2% of patients
(107]. Although there is an association with SLE,
the type I IFN signature has been noted in other
diseases as well. Dermatomyositis patients were
also noted to have overexpression of IFN-induced
genes [108]. The type I IFN pathway is also noted
to be active in primary Sjogren’s syndrome [109].
Treatment with IFN-a has additionally been
linked to development of diabetes, thyroid disease,
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Raynaud’s phenomenon, rheumatoid arthritis,
vasculitis, sarcoidosis, pernicious anemia, mixed
connective tissue disease, psoriasis and psoriatic
arthritis (107]. Hence, the prediction would be that
this 26-gene panel may possess high sensitivity,
but low specificity, for SLE.

False-positive results, and variation of results
between facilities and platforms, are potential
obstacle for comparing transcriptomics data. The
high dimensionality of transcriptomic data also
warrants careful processing in order to render
it useful for clinical diagnostics and prognos-
tics. Modular data mining is a possible solution
for future transcriptomics analysis in order to
reduce dimensionality and to discern trans-
criptomic fingerprints in order to identify bio-
markers. An illustration of this approach is the
recent report by the Pascual group [110]. Module
construction was based on microarray analysis
of PBMC:s from 239 patients with: SLE, juvenile
idiopathic arthritis, Type I diabetes, metastatic
melanoma, liver transplant recipients undergoing
immunosuppressive therapy and acute infections
(Escherichia coli, Staphylococcus aureus, influenza
A) that resulted in 4742 transcripts distributed
into 28 module sets. Then, 11 of the 28 modules
were determined to be significantly differentially
expressed in SLE, comprised of a total of 628
transcripts. The differential expression profiles
of these 11 modules were noted to be statisti-
cally significant (p < 0.01) for SLE patients versus
healthy controls [110]. The results of this study
will need further evaluation and validation,
but appear promising. The ability of peripheral
blood transcriptomic profiles to predict flares in
SLE, and the transcriptomic profiles of the dis-
eased end organs, are active areas of research in
several laboratories.

Proteomics

Proteomics focuses on the products of tran-
slation from RNA to proteins. Although tran-
scriptomics indicates gene activity with ‘inten-
tion’ for protein synthesis, proteomics studies
the product as a better indication of the underly-
ing biologic processes. All bodily functions and
disease phenotypes are ultimately mediated by
proteins. Global proteomics provides a compre-
hensive evaluation of all proteins within a given
sample, but is only in an infant stage at this time.
This contrasts with transcriptomics and genom-
ics, both of which can be carried out far more
comprehensively, encompassing all genes in the
body. The current stage of the technology allows
only a fraction of the entire human proteome to
be interrogated, but our capabilities are rapidly
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evolving. All proteomic studies can be classi-
fied into one of two broad categories — unbiased
approaches, and biased or targeted approaches.
Whereas the former attempts to scan the entire
proteome, the latter platforms focus on inter-
rogating limited predetermined subsets of the
proteome. Owing to the technical difficulty of
the former approach, and the fact that global
proteomic technology is still evolving, very few
such studies have been accomplished in SLE.
Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry combined with
weak cationic exchange magnetic beads was used
to analyze the serum proteomes of SLE patients
(111]. Utilizing four differential protein peaks
with m/z ratios of 4070.09, 7770.45, 28,045.1
and 3376.02 an AUC of 0.955 was obtained;
however, the identities of the proteins under-
lying these peaks remain unknown. The vali-
dation results were as follows: 25 out of 32 SLE
patients were correctly identified while seven
were falsely classified as diseased controls; 36
out of 42 diseased controls (rheumatoid arthritis,
Sjoégren’s syndrome and systemic sclerosis) were
correctly identified, while three were falsely clas-
sified as SLE and three as healthy controls; 36
out of 42 healthy controls were correctly identi-
fied, while four were falsely classified as diseased
controls [111]. Autoantibodies to brain proteins
in the serum of CNS lupus patients have been
identified utilizing two platforms referred to as
matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MS), in conjunction
with liquid chromatography—tandem MS [112].
Another comprehensive method of analyzing
complete proteomes is isobaric tagging for rela-
tive and absolute protein quantification. Total
protein extracted from subsets of pooled PBMCs
isolated from six active SLE, six stable SLE,
six RA and six healthy controls was blocked,
digested and labeled. A total of 452 proteins were
identified with 67 differentially expressed unique
proteins, including nine differentially expressed
proteins between stable SLE and healthy con-
trols, and 35 between active SLE and controls
(113]. The identities of all the proteins are known,
although these findings have not yet been vali-
dated. Comparison of the proteomes from lupus
nephritis and healthy control renal tissue using
isobaric tagging for relative and absolute protein
quantification identified significant differences
in the levels of heterogeneous nuclear ribonucleo-
protein, annexins, arginosuccinate synthetase
and aldolase [114]. An additional study involved
2D-gel electrophoresis and matrix-assisted
laser desorption/ionization time-of-flight mass
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spectrometry to compare the proteome of SLE
PBMC:s to that of healthy controls and has iden-
tified 98 unique proteins. SAI00A9, a protein
involved in leukocyte recruitment, was upregu-
lated in SLE and was related to higher levels of
low-density granulocytes that produce higher
levels of IFN-a [115]. Though all of the above
global proteomic approaches hold great prom-
ise, these studies warrant careful validation with
larger, well-defined patient cohorts.

Although the fruits of global proteomics have
not yet been fully realized, several individual
proteins or groups of proteins have been exam-
ined for their predictive potential in SLE. Using
protein microarray-based targeted proteomics,
sera from 15 healthy controls, 15 SLE patients
with high gene expression of IFN-regulated
transcripts, and 15 SLE patients with low gene
expression of IFN-regulated transcripts were
analyzed for the levels of 160 protein analytes.
Of these, 30 were noted to have significant dif-
ferences between SLE high and controls, 17
between SLE low and controls, 11 between SLE
high and SLE low and 27 between pooling of
both SLE groups versus controls. Most of the dif-
ferentially expressed protein analytes were induc-
ible by type I IFN and were noted to correlate
with disease activity [116]. A much larger microar-
ray containing 5011 human proteins identified
PBOV1, MORF4LI1, CLIC2 and GDTPI in
SLE sera [117].

As opposed to adopting a proteomic approach
to uncovering novel disease biomarkers, others
have pursued individual proteins based on their
known biology. These include Siglec-1, comple-
ment activation products and various urinary
proteins, as discussed below. As mentioned
above, type I IFN signatures predominate SLE
patients’ whole blood and PBMCs, and further
transcriptome analysis of SLE patient’s mono-
cytes also revealed an IFN signature, including
the transcript for Siglec-1 cell surface protein.
Validation studies using antibodies to Siglec-1
(CD169) have noted exclusive expression on
monocytes as detected by flow cytometry with
increased frequency of Siglec-1* monocytes in
SLE versus healthy controls that correlated with
disease activity [97]. Likewise, measurements
of lymphocyte-bound complement activation
products, specifically T-cell bound C4d and
C3d (T-C4d and T-C3d) and B-cell bound
C4d and C3d (B-C4d and B-C3d) by flow
cytometry revealed increased expression in SLE
patients, compared with other autoimmune or
inflammatory diseases with an AUC exceed-
ing 0.72 (118]. Another flow cytometry-based

Int. J. Clin. Rheumatol. (2013) 8(6)

platform, phosphoflow, evaluates phosphoryla-
tion signaling at the cellular level. For example,
phosphoflow analysis has uncovered differences
in the MAPK and signal transducer and acti-
vator of transcription pathways in cells of SLE
patients [119,120]. Additional cell-based techno-
logies include the comprehensive assessment of
cell surface markers through leukocyte-capture
arrays, a novel technology that warrants inde-
pendent validation [121]. Various interleukins
(IL-1,1L-2,IL-6, IL-10,IL-12 and IL-16), IFN-
¥, TGE-B and TNF-a have exhibited expression
differences at the protein level in SLE. Cytokine
profiles have also been evaluated in SLE as mark-
ers of disease activity [122,123]. However, some
of these differences are limited to the sites of
pathology rather than being elevated systemi-
cally, limiting their utility as potential diagnostic
markers [124].

In addition, various proteins in the urine
have also been examined for their biomarker
potential. TNF-like weak inducer of apoptosis
is a cytokine that is involved in cellular pro-
liferation, migration, survival, differentiation,
induction of apoptosis and induction of inflam-
mation via chemokines, cytokines and adhesion
molecules. Urinary TNF-like weak inducer of
apoptosis distinguishes lupus nephritis (LN)
SLE patients from non-LN SLE with an AUC
of 0.724, sensitivity of 0.50 and specificity of
0.90 (12s5]. Lipocalin-2 or neutrophil gelatinase-
associated lipocalin, a protein secreted by leu-
kocytes and epithelial cells in inflammatory
conditions, differentiated LN patients from
non-LN patients yielding a sensitivity of 0.50,
specificity of 0.91, and AUC of 0.71 [12¢], with
similar findings noted in pediatric SLE [127]. In
SLE patients, two additional markers, urinary
MCP-1 and urinary OPG, differentiated those
with high renal activity (renal activity score 24)
from SLE patients with low renal activity (renal
activity score <4) with AUCs of 0.66 and 0.73,
respectively [128]. Similar findings have been
reported for two adhesion molecules, urinary
VCAM-1 and urinary ICAM-1 [129]. A very
recent urinary marker of chronic lupus nephritis
that joins this list is angiostatin [130]. However,
it should be pointed out that this is just the tip
of the iceberg, as several additional proteins
with great promise are currently under scru-
tiny. Serum and urine proteomics is an explod-
ing field with several additional biomarkers in
the pipeline currently being evaluated in several
laboratories.

The immune system drives many of the
manifestations of SLE through autoantibody
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production. ANA positivity is one of the 11
ACR criteria for diagnosis; additionally the
presence of a more specific antinuclear antibody
(e.g., anti-dsDNA and anti-Sm) can fulfill a sec-
ond diagnostic criterion. In a study of 130 mili-
tary personnel diagnosed with SLE, the presence
of autoantibodies in serum often preceded their
diagnosis. In total, 88% of these subjects were
noted to have the presence of one lupus-related
autoantibody occurring on average 3.3 years
prior to meeting four out of 11 ACR diagnostic
criteria with particular specificities evolving in an
ordered progression [131]. Established lupus auto-
antibody profiles have been interrogated utilizing
bead-based automated multiplex assays, yielding
comparable results to traditional clinical test-
ing. However, ANA detection by BioPlex 2200
exhibited decreased sensitivity compared with
indirect immunofluorescence [132-134].
Targeted proteomics is also revolutionizing
new autoantibody discovery, based on the use
of arrays coated with various putative auto-
antigens. The use of autoantigen microarrays
containing 196 biomolecules including various
proteins, peptides, enzyme complexes, ribonu-
cleoprotein complexes, DNA and post-transla-
tionally modified antigens have helped detect
autoantibodies in serum from patients with
Sjégren’s syndrome, SLE, polymyositis, mixed
connective-tissue disease, primary biliary scle-
rosis, diffuse scleroderma, limited scleroderma,
and rheumatoid arthritis with four- to eight-fold
greater sensitivity than conventional ELISA [135].
A multiplexed proteome microarray containing
30 autoantigens known to be expressed in the
glomerular milieu was used to interrogate the
serum in SLE patients compared with RA and
healthy controls. Serum antibody reactivity to
laminin, myosin, Matrigel™ (BD Biosciences,
CA, USA), heparan sulphate and vimentin
clustered together whereas reactivity to ssDNA,
dsDNA, chromatin and total glomerular lysate
clustered separately and both clusters exhibited
significantly higher reactivity in patients with
elevated disease activity and more severe renal
pathology [136]. A later study added 40 new
autoantigens to these arrays (totaling 70 auto-
antigens and four controls) and evaluated the
autoantibody profiles in SLE, incomplete lupus
erythematosus, first degree relatives of SLE
patients and nonautoimmune control patients
(either healthy controls or osteoarthritis). Serum
from incomplete lupus erythematosus and SLE
patients exhibited higher levels of IgG antibodies
to 50 autoantigens and IgM antibody to 12 auto-
antigens, with several of these autoantibody

future science group

clusters correlating with disease activity, the
number of ACR lupus criteria and renal disease
status [137].

A study in 2010 utilized a larger chip con-
taining 694 antigens to interrogate autoanti-
bodies from three groups of SLE patients (in
renal remission, with active lupus nephritis, and
without renal involvement) and healthy controls.
A global analysis of the antibody reactivities
between all SLE patients and healthy controls
demonstrated a sensitivity of 0.90 and a speci-
ficity of 0.81 for the diagnosis of SLE, yield-
ing a calculated AUC of 0.855 that increased
with various subset analyses. The antibodies
that distinguished healthy control subjects
from SLE included upregulation of IgG anti-
bodies to dsDNA, ssDNA, hyaluronic acid and
Epstein—Barr virus; and downregulation of IgM
antibodies to myeloperoxidase, IGFBP-1, CD99
and cardiolipin [138]. Currently, arrays bearing
>10,000 human proteins are being tested in
multiple laboratories, and it would be interesting
to see if these assays reveal any additional auto-
antibody specificities in SLE that may perhaps
achieve even higher AUCs.

Technologies are under development that
allow the detection of antigen—antibody and
peptide—antibody binding in a comprehensive
fashion. A plasmonic gold film peptide array
using near infrared fluorescence-based detec-
tion reports improved sensitivity of autoantibody
detection [139]. Nonfluorescence detection-based
proteomic techniques are also being developed
utilizing silicon-based peptide arrays [140]. This
real-time technology is capable of evaluating
peptide interactions and peptide modifications
(e.g., methylation) and is likely to add a further
dimension to the ‘omics’ analysis of SLE.

Metabolomics

Metabolomics is the study of the complete
set of smal molecule metabolites in a biologi-
cal sample or organism. The first metabolomic
study in SLE has recently been reported, uti-
lizing liquid chromatography/MS and gas
chromatography/MS platforms. When com-
pared with healthy controls, sera from SLE
patients exhibited reduction of energy substrates,
elevation of markers of oxidative stress, eleva-
tion of markers of inflammation and altered
lipid profiles [141]. Another metabolomic study
utilizing nuclear magnetic resonance spectros-
copy was performed on SLE sera and found
similar reductions in energy substrates, increased
low-density lipoproteins and increased lactate
(142]. Urine nuclear magnetic resonance-derived
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CME

metabolomics profiles have been studied as
potential diagnostic tools for differentiating
proliferative and membranous lupus nephritis
(143]. Glycomics is the study of complete sac-
charide profiles including sugars that are free
and bound to proteins or lipids. Studying the
potential contribution of carbohydrate changes
to autoimmunity is a novel area of study that
holds promise [144,145]. The potential of metabo-
lomics is yet to be fully realized but may have
potential utility in diagnostics and disease mon-
itoring, extrapolating from the initial leads as
described above.

treatment response. Emerging ‘omics’ platforms
— genomics, transcriptomics, proteomics and
metabolomics — allow us to re-examine SLE at
a greater degree of molecular resolution so that
disease subsets may be better defined. Pathway
analysis and integration of ‘omics’ platforms
in order to undertake a systems biology analy-
sis is a growing field of research likely to yield
additional insights in this field [146-148). More
importantly, one is hopeful that these ‘omics’
platforms may yield newer biomarkers for SLE
that can help clinicians track the disease course
with greater sensitivity and specificity.

Conclusion

SLE is a complex multisystem autoimmune
disease requiring four out of 11 ACR criteria
to be satisfied in order to diagnose the disease.
Although this approach is fairly sensitive and
specific, it often leads to delayed or missed
diagnosis. This system of classification results
in the inadvertent clustering of a wide spectrum
of different disease manifestations under the
seemingly homogenous diagnosis of SLE. More
importantly, the currently available instruments
to gauge disease activity or renal pathology are
inadequate at predicting oncoming flares, or
are invasive. There is an acute need in the field
to identify better biomarkers that can not only
help diagnose and subdivide SLE, but also pre-

dict oncoming flares and predict (and guide)

Future perspective

A wide spectrum of ‘omics’ platforms are being
tested in an attempt to identify better biomark-
ers for the diagnosis and monitoring of SLE,
and to shed light on the molecular cascades
that lead to the pathogenesis of lupus. Advances
in technology and bioinformatics will continue
to expand the repertoire of platforms and bio-
marker dimensionality over the next several
years. Defining the interactions between dif-
ferent molecular elements and integrating the
various levels of ‘omics’ using a systems biol-
ogy approach promise to yield novel perspec-
tives on the pathogenic cascades leading to
SLE. Defining the underlying science will also
pave the way to better therapies for this dreaded
autoimmune disease.

Executive summary

Genomics

= HLA, complement, and Fc region of IgG-related genes identified decades ago remain significant in systemic lupus erythematosus (SLE)
genomics.

= Genome-wide association studies (GWAS) in SLE have uncovered potentially pathogenic single nucleotide polymorphisms in and
around several candidate genes.

= Combining GWAS-identified single nucleotide polymorphisms into panels is a promising diagnostic approach.
= Rare genes with SLE association are being identified.
= Epigenomics may bridge the gap between genetic information, environmental influences and phenotype.

Transcriptomics

= Gene microarrays of peripheral blood mononuclear cells have provided information regarding gene-expression changes in SLE.
= The interferon signature, though not specific for SLE, has repeatedly been demonstrated to be upregulated in SLE.

= A few cell type targeted transcription studies have also been completed in SLE.

Proteomics

= Global proteomic scans using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, isobaric tagging for relative
and absolute protein quantification, and other platforms are becoming feasible, but have not been widely used to study SLE.

= Targeted proteomic studies focusing on selected proteins, antigens, or cytokines have been undertaken in the study of SLE with
interesting leads.

= With both of the above approaches, independent validation of the hits is warranted.
Metabolomics

= Altered metabolites in SLE include reduced energy substrates; and increased lipids, oxidative stress and inflammation.
= The potential of metabolomics is yet to be fully realized but may have potential utility in diagnostics and disease monitoring.

680 Int. J. Clin. Rheumatol. (2013) 8(6) future science group ng



References
Papers of special note have been highlighted as:

10

11

12

of interest

Crowson CS, Matteson EL, Myasoedova E
et al. The lifetime risk of adult-onset
rheumatoid arthritis and other inflammatory
autoimmune rheumatic diseases. Arthritis

Rheum. 63(3), 633—-639 (2011).

Merrell M, Shulman LE. Determination of
prognosis in chronic disease, illustrated by
systemic lupus erythematosus. /. Chronic Dis.

1(1), 12-32 (1955).

Cervera R, Khamashta MA, Font J et al.
Morbidity and mortality in systemic lupus
erythematosus during a 10-year period:

a comparison of early and late manifestations
in a cohort of 1,000 patients. Medicine
(Baltimore) 82(5), 299-308 (2003).

Tan EM, Cohen AS, Fries JF et al. The 1982
revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum. 25(11),
1271-1277 (1982).

Ozbek S, Sert M, Paydas S, Soy M. Delay in
the diagnosis of SLE: the importance of
arthritis/arthralgia as the initial symptom. Acta
Med. Okayama 57(4), 187-190 (2003).

Maddison PJ. Is it SLE? Best Pract. Res. Clin.
Rheumatol. 16(2), 167-180 (2002).

Wandstrat AE, Carr-Johnson F, Branch V et al.
Autoantibody profiling to identify individuals
at risk for systemic lupus erythematosus.

J. Autoimmun. 27(3), 153-160 (2006).

Deapen D, Escalante A, Weinrib L ez al.
A revised estimate of twin concordance in
systemic lupus erythematosus. Arthritis Rheum.

35(3), 311-318 (1992).

Alarcon-Segovia D, Alarcon-Riquelme ME,
Cardiel MH ez al. Familial aggregation of
systemic lupus erythematosus, rheumatoid
arthritis, and other autoimmune diseases in
1,177 lupus patients from the GLADEL
cohort. Arthritis Rheum. 52(4), 1138—1147
(2005).

Graham RR, Ortmann W, Rodine P ez 4/.
Specific combinations of HLA-DR2 and DR3
class II haplotypes contribute graded risk for
disease susceptibility and autoantibodies in
human SLE. Eur. J. Hum. Genet. 15(8),
823-830 (2007).

Hartung K, Ehrfeld H, Lakomek HJ ez 4l.
The genetic basis of Ro and La antibody
formation in systemic lupus erythematosus.
Results of a multicenter study. The SLE Study
Group. Rheumatol. Int. 11(6), 243249
(1992).

Meyer O, Hauptmann G, Tappeiner G, Ochs
HD, Mascart-Lemone F. Genetic deficiency of
C4, C2 or Clq and lupus syndromes.
Association with anti-Ro (SS-A) antibodies.
Clin. Exp. Immunol. 62(3), 678-684 (1985).

future science group

Systemic lupus erythematosus diagnostics in the ‘omics’ era

20

21

22

23

24

Paul E, Pozdnyakova OO, Mitchell E, Carroll
MC. Anti-DNA autoreactivity in C4-deficient
mice. Eur. J. Immunol. 32(9), 2672-2679
(2002).

Mitchell DA, Pickering MC, Warren J et al.
Clq deficiency and autoimmunity: the effects
of genetic background on disease expression.

J. Immunol. 168(5), 2538-2543 (2002).
Botto M, Dell’agnola C, Bygrave AE ¢z al.

Homozygous Clq deficiency causes
glomerulonephritis associated with multiple
apoptotic bodies. Nat. Genet. 19(1), 5659
(1998).

Einav S, Pozdnyakova OO, Ma M, Carroll
MC. Complement C4 is protective for lupus
disease independent of C3. /. Immunol.
168(3), 1036-1041 (2002).

Moser KL, Kelly JA, Lessard CJ, Harley JB.
Recent insights into the genetic basis of
systemic lupus erythematosus. Genes Immun.

10(5), 373-379 (2009).

Barcellos LF, May SL, Ramsay PP et al.
High-density SNP screening of the major
histocompatibility complex in systemic lupus
erythematosus demonstrates strong evidence

for independent susceptibility regions. PLoS
Genet. 5(10), 1000696 (2009).

Morris DL, Taylor KE, Fernando MM et al.
Unraveling multiple MHC gene associations
with systemic lupus erythematosus: model
choice indicates a role for HLA alleles and
non-HLA genes in Europeans. Am. J. Hum.
Genet. 91(5), 778-793 (2012).

Li X, Pracek TS, Brown EE, Edberg JC.
Fcgamma receptors: structure, function and
role as genetic risk factors in SLE. Genes

Immun. 10(5), 380-389 (2009).

Bouali H, Nietert P, Nowling TM ez al.
Association of the G-463A myeloperoxidase
gene polymorphism with renal disease in
African Americans with systemic lupus
erythematosus. /. Rheumatol. 34(10),
2028-2034 (2007).

Chung SA, Tian C, Taylor KE ez al. European
population substructure is associated with
mucocutaneous manifestations and
autoantibody production in systemic lupus
erythematosus. Arthritis Rheum. 60(8),
2448-2456 (2009).

Douglas KB, Windels DC, Zhao J ez al.
Complement receptor 2 polymorphisms
associated with systemic lupus erythematosus

modulate alternative splicing. Genes Immun.

10(5), 457-469 (2009).

Furnrohr BG, Wach S, Kelly JA ez al.
Polymorphisms in the Hsp70 gene locus are
genetically associated with systemic lupus
erythematosus. Ann. Rheum. Dis. 69(11),
1983-1989 (2010).

Kamen DL, Barron M, Parker TM ez al.
Autoantibody prevalence and lupus

www.futuremedicine.com

26

27

28

29

30

31

32

33

35

36

37

characteristics in a unique African American
population. Arthritis Rheum. 58(5),
1237-1247 (2008).

Lu R, Vidal GS, Kelly JA ez al. Genetic
associations of LYN with systemic lupus
erythematosus. Genes Immun. 10(5), 397-403
(2009).

Moser KL, Neas BR, Salmon JE ez 4/.
Genome scan of human systemic lupus
erythematosus: evidence for linkage on
chromosome 1q in African—American
pedigrees. Proc. Natl Acad. Sci. USA 95(25),
1486914874 (1998).

Namjou B, Gray-Mcguire C, Sestak AL ez al.
Evaluation of Clq genomic region in minority
racial groups of lupus. Genes Immun. 10(5),

517-524 (2009).

Webb R, Merrill JT, Kelly JA ez al.
A polymorphism within JZ2IR confers risk for
systemic lupus erythematosus. Arthritis

Rheum. 60(8), 2402-2407 (2009).

Sanchez E, Webb RD, Rasmussen A et a/.
Genetically determined amerindian ancestry
correlates with increased frequency of risk
alleles for systemic lupus erythematosus.
Arthritis Rheum. 62(12), 3722-3729 (2010).

Kim-Howard X, Maiti AK, Anaya JM ez al.
ITGAM coding variant (rs1143679) influences
the risk of renal disease, discoid rash and
immunological manifestations in patients
with systemic lupus erythematosus with
European ancestry. Ann. Rheum. Dis. 69(7),
1329-1332 (2010).

Li P, Cao C, Luan H ez a/. Association of
genetic variations in the STA74 and
IRF7|KIAA1542 regions with systemic lupus
erythematosus in a northern Han Chinese
population. Hum. Immunol. 72(3), 249-255
(2011).

Cervino AC, Tsinoremas NF, Hoffman RW.
A genome-wide study of lupus: preliminary
analysis and data release. Ann. NY Acad. Sci.
1110, 131-139 (2007).

Kozyrev SV, Abelson AK, Wojcik J et al.
Functional variants in the B-cell gene BANKI
are associated with systemic lupus
erythematosus. Nat. Genet. 40(2), 211-216
(2008).

Hom G, Graham RR, Modrek B et al.
Association of systemic lupus erythematosus
with C807f13-BLK and ITGAM-ITGAX.

N. Engl. ]. Med. 358(9), 900-909 (2008).

Harley JB, Alarcon-Riquelme ME, Criswell
LA et al. Genome-wide association scan in
women with systemic lupus erythematosus
identifies susceptibility variants in /7GAM,
PXK, KIAA1542 and other loci. Nat. Genet.
40(2), 204-210 (2008).

Graham RR, Cotsapas C, Davies L ¢z al.
Genetic variants near 7TNFAIP3 on 6q23 are
associated with systemic lupus

681



38

39

40

41

42

43

44

45

46

47

48

49

Arriens & Mohan

erythematosus. Nat. Genet. 40(9),
1059-1061 (2008).

Han JW, Zheng HF, Cui Y ¢z al.
Genome-wide association study in a Chinese
Han population identifies nine new
susceptibility loci for systemic lupus
erythematosus. Nat. Genet. 41(11),
1234-1237 (2009).

Yang W, Shen N, Ye DQ ez al. Genome-wide
association study in Asian populations
identifies variants in £751 and WDFY4
associated with systemic lupus erythematosus.

PL0S Genet. 6(2), e1000841 (2010).

Kariuki SN, Franek BS, Kumar AA et al.
Trait-stratified genome-wide association study
identifies novel and diverse genetic
associations with serologic and cytokine
phenotypes in systemic lupus erythematosus.

Arthritis Res. Ther. 12(4), R151 (2010).
Okada Y, Shimane K, Kochi Y ez a/.

A genome-wide association study identified
AFF1 as a susceptibility locus for systemic

lupus eyrthematosus in Japanese. PLoS Genet.
8(1), €1002455 (2012).

Yang J, Yang W, Hirankarn N ez al. ELFI is
associated with systemic lupus erythematosus
in Asian populations. Hum. Mol. Genet.
20(3), 601-607 (2011).

Chung SA, Taylor KE, Graham RR ¢z al.
Differential genetic associations for systemic
lupus erythematosus based on anti-dsDNA
autoantibody production. PLoS Genet. 7(3),
€1001323 (2011).

Li R, Yang W, Zhang ] ¢t al. Association of
CD247 with systemic lupus erythematosus in
Asian populations. Lupus 21(1), 75-83 (2012).

Lee YH, Bae SC, Choi SJ, Ji JD, Song GG.
Genome-wide pathway analysis of
genome-wide association studies on systemic
lupus erythematosus and rheumatoid arthritis.

Mol. Biol. Rep. 39(12), 10627-10635 (2012).

Yang W, Tang H, Zhang Y ez al. Meta-ana-
lysis followed by replication identifies loci in
or near CDKNIB, TET3, CD80, DRAMI,
and ARID5B as associated with systemic lupus
erythematosus in Asians. Am. /. Hum. Genet.

92(1), 41-51 (2013).

Stahl EA, Raychaudhuri S, Remmers EF ez al.
Genome-wide association study meta-analysis
identifies seven new rheumatoid archritis risk

loci. Nat. Genet. 42(6), 508-514 (2010).

Zhernakova A, Stahl EA, Trynka G ez al.
Meta-analysis of genome-wide association
studies in celiac disease and rheumatoid
arthritis identifies fourteen non-HLA shared
loci. PLoS Genet. 7(2), €1002004 (2011).

Gregersen PK, Amos CI, Lee AT ez al. REL,
encoding a member of the NF-kB family of
transcription factors, is a newly defined risk
locus for rheumatoid arthritis. Naz. Genet.

41(7), 820-823 (2009).

682

50

51

52

53

54

55

56

57

58

59

60

61

Krintel SB, Palermo G, Johansen JS ez al.
Investigation of single nucleotide
polymorphisms and biological pathways
associated with response to TNFalpha
inhibitors in patients with rheumatoid
arthritis. Pharmacogenet. Genomics 22(8),
577-589 (2012).

Kochi Y, Okada Y, Suzuki A et al.
A regulatory variant in CCRG6 is associated
with rheumatoid arthritis susceptibility.

Nat. Genet. 42(6), 515-519 (2010).

Freudenberg J, Lee HS, Han BG ez al.
Genome-wide association study of rheumatoid
arthritis in Koreans: population-specific loci
as well as overlap with European susceptibility
loci. Arthritis Rheum. 63(4), 884—893 (2011).

Genome-wide association study of

14,000 cases of seven common diseases and
3000 shared controls. Nature 447(7145),
661-678 (2007).

Myouzen K, Kochi 'Y, Okada Y ez al.
Functional variants in NFKBIE and RTKN2
involved in activation of the NF-kappaB
pathway are associated with rheumatoid
arthritis in Japanese. PLoS Genet. 8(9),
€1002949 (2012).

Okada Y, Terao C, Ikari K ez @/. Meta-analysis
identifies nine new loci associated with
rheumatoid arthritis in the Japanese
population. Nat. Genet. 44(5), 511-516
(2012).

Wang J, Bansal AT, Martin M ¢z al.
Genome-wide association analysis implicates
the involvement of eight loci with response to
tocilizumab for the treatment of rheumatoid
arthritis. Pharmacogenomics J. 13(3), 235-241
(2013).

Radstake TR, Gorlova O, Rueda B ez al.
Genome-wide association study of systemic
sclerosis identifies CD247 as a new
susceptibility locus. Nat. Genet. 42(5),
426-429 (2010).

Allanore Y, Saad M, Dieude P ¢z al. Genome-
wide scan identifies 7NIP1, PSORSICI, and
RHOB as novel risk loci for systemic sclerosis.

PLoS Genet. 7(7), €1002091 (2011).
Gorlova O, Martin JE, Rueda B ez /.

Identification of novel genetic markers
associated with clinical phenotypes of
systemic sclerosis through a genome-wide
association strategy. PLoS Genet. 7(7),
€1002178 (2011).

Armstrong DL, Reiff A, Myones BL ¢z al.
Identification of new SLE-associated genes
with a two-step Bayesian study design. Genes
Immun. 10(5), 446—456 (2009).

Gateva V, Sandling JK, Hom G ez al. A large-
scale replication study identifies 7NIP1,
PRDM]I, JAZFI, UHRFIBPI and IL10 as risk

loci for systemic lupus erythematosus.
Nat. Genet. 41(11), 1228-1233 (2009).

Int. J. Clin. Rheumatol. (2013) 8(6)

62

63

64

66

67

68

69

70

71

72

73

Fu Q, Zhao J, Qian X ez a/. Association of a
functional IRF7 variant with systemic lupus
erythematosus. Arthritis Rheum. 63(3),
749-754 (2011).

Wang C, Sandling JK, Hagberg N ¢z al.
Genome-wide profiling of target genes for the
systemic lupus erythematosus-associated
transcription factors IRFS5 and STAT4.

Ann. Rheum. Dis. 72(1), 96—103 (2013).

Kim JH, Jung SH, Bae JS ez a/l. Deletion
variants of RABGAPIL, 10g21.3, and C4 are
associated with the risk of systemic lupus

erythematosus in Korean women. Arthritis

Rheum. 65(4), 1055-1063 (2013).

Kim K, Brown EE, Choi CB et /. Variation
in the ICAMI-ICAM4—ICAMS locus is
associated with systemic lupus erythematosus
susceptibility in multiple ancestries.

Ann. Rheum. Dis. 71(11), 1809-1814 (2012).

Castillejo-Lopez C, Delgado-Vega AM,
Wojcik J et al. Genetic and physical
interaction of the B-cell systemic lupus
erythematosus-associated genes BANKI and
BLK. Ann. Rheum. Dis. 71(1), 136-142
(2012).

Graham RR, Hom G, Ortmann W, Behrens
TW. Review of recent genome-wide
association scans in lupus. /. Intern. Med.

265(6), 680—688 (2009).

Meta-analysis of genome-wide association

studies.

Kanta H, Mohan C. Three checkpoints in
lupus development: central tolerance in
adaptive immunity, peripheral amplification
by innate immunity and end-organ
inflammation. Genes Immun. 10(5), 390-396
(2009).

Taylor KE, Chung SA, Graham RR ¢t al.
Risk alleles for systemic lupus erythematosus
in a large case-control collection and

associations with clinical subphenotypes.
PLoS Genet. 7(2), e1001311 (2011).

Satterthwaite AB, Mohan C. Genetics: rare
genes for autoimmunity-the new kids on the
block. Nat. Rev. Rheumatol. 6(12), 678—679
(2010).

Sestak AL, Furnrohr BG, Harley JB, Merrill
JT, Namjou B. The genetics of systemic lupus
erythematosus and implications for targeted
therapy. Ann. Rheum. Dis. 70(Suppl. 1),
i37-i43 (2011).

Wang B, Higgs BW, Chang L ez al.
Pharmacogenomics and translational
simulations to bridge indications for an
anti-interferon-alpha receptor antibody.
Clin. Pharmacol. Ther. 93(6), 483—-492
(2013).

Jeffries MA, Dozmorov M, Tang Y, Merrill
JT, Wren JD, Sawalha AH. Genome-wide
DNA methylation patterns in CD4* T cells

fsg

future science group



74

75

76

77

78

79

80

81

82

83

84

from patients with systemic lupus
erythematosus. Epigencetics 6(5), 593—601
(2011).

Balada E, Castro-Marrero J, Felip L,
Ordi-Ros ], Vilardell-Tarres M. Associations
between the expression of epigenetically
regulated genes and the expression of DNMTs
and MBD:s in systemic lupus erythematosus.

PLoS ONE7(9), e45897 (2012).

Lin SY, Hsieh SC, Lin YC et al. A whole
genome methylation analysis of systemic
lupus erythematosus: hypomethylation of the
IL10 and IL1R2 promoters is associated with
disease activity. Genes Immun. 13(3),
214-220 (2012).

HuN, QiuX, Luo Y e 4/. Abnormal histone
modification patterns in lupus CD4* T cells.
J. Rheumatol. 35(5), 804-810 (2008).

Zhou'Y, Qiu X, Luo Y ez al. Histone
modifications and methyl-CpG-binding
domain protein levels at the TNFSF7 (CD70)
promoter in SLE CD4* T cells. Lupus 20(13),
1365-1371 (2011).

Van Bavel CC, Dieker JW, Kroeze Y et al.
Apoptosis-induced histone H3 methylation is
targeted by autoantibodies in systemic lupus
erythematosus. Ann. Rheum. Dis. 70(1),
201-207 (2011).

Dixit K, Khan MA, Sharma YD, Moinuddin,
Alam K. Peroxynitrite-induced modification
of H2A histone presents epitopes which are
strongly bound by human anti-DNA
autoantibodies: role of peroxynitrite-
modified-H2A in SLE induction and
progression. Hum. Immunol. 72(3), 219-225
(2011).

Dai Y, Huang YS, Tang M ez al. Microarray
analysis of microRNA expression in
peripheral blood cells of systemic lupus
erythematosus patients. Lupus 16(12),
939-946 (2007).

Stagakis E, Bertsias G, Verginis P ez al.
Identification of novel microRNA signatures
linked to human lupus disease activity and
pathogenesis: miR-21 regulates aberrant

T cell responses through regulation of
PDCD4 expression. Ann. Rheum. Dis. 70(8),
1496-1506 (2011).

Luo X, Zhang L, Li M ez al. The role of
miR-125b in T lymphocytes in the
pathogenesis of systemic lupus erythematosus.

Clin. Exp. Rheumatol. 31(2), 263-271 (2013).
Carlsen AL, Schetter AJ, Nielsen CT ez al.

Circulating microRNA expression profiles
associated with systemic lupus erythematosus.
Arthritis Rheum. 65(5), 1324-1334 (2013).

‘Wang H, Peng W, Ouyang X, Li W, Dai Y.
Circulating microRNAs as candidate
biomarkers in patients with systemic lupus
erythematosus. Transl. Res. 160(3), 198-206
(2012).

future science group

Systemic lupus erythematosus diagnostics in the ‘omics’ era

85

86

87

88

89

90

91

92

93

94

95

96

Deng Y, Zhao ], Sakurai D ez al.
MicroRNA-3148 modulates allelic expression
of toll-like receptor 7 variant associated with
systemic lupus erythematosus. PLoS Genet.

9(2), 1003336 (2013).

Wen Z, Xu L, Chen X et al. Autoantibody
induction by DNA-containing immune
complexes requires HMGBI with the
TLR2/microRNA-155 pathway. /. Immunol.
190(11), 5411-5422 (2013).

Sui W, Lin H, Chen J, Ou M, Dai Y.
Comprehensive analysis of transcription
factor expression patterns in peripheral blood
mononuclear cell of systemic lupus
erythematosus. /nt. J. Rheum. Dis. 15(2),
212-219 (2012).

Hedrich CM, Rauen T, Kis-Toth K, Kyttaris
VC, Tsokos GC. cAMP-responsive element
modulator alpha (CREMalpha) suppresses
IL-17F protein expression in T lymphocytes
from patients with systemic lupus
erythematosus (SLE). /. Biol. Chem. 287(7),
4715-4725 (2012).

Maas K, Chan S, Parker J ez al. Cutting edge:
molecular portrait of human autoimmune

disease. /. Immunol. 169(1), 5-9 (2002).
Rus V, Atamas SP, Shustova V ez al.

Expression of cytokine- and chemokine-
related genes in peripheral blood mononuclear
cells from lupus patients by cDNA array. Clin.
Immunol. 102(3), 283-290 (2002).

Baechler EC, Batliwalla FM, Karypis G et al.
Interferon-inducible gene expression signature
in peripheral blood cells of patients with
severe lupus. Proc. Natl Acad. Sci. USA
100(5), 2610-2615 (2003).

Bennett L, Palucka AK, Arce E ez al.
Interferon and granulopoiesis signatures in
systemic lupus erythematosus blood. /. Exp.
Med. 197(6), 711-723 (2003).

Han GM, Chen SL, Shen N, Ye S, Bao CD,
Gu YY. Analysis of gene expression profiles in
human systemic lupus erythematosus using

oligonucleotide microarray. Genes Immun.

4(3), 177-186 (2003).

Mandel M, Gurevich M, Pauzner R,
Kaminski N, Achiron A. Autoimmunity gene
expression portrait: specific signature that
intersects or differentiates between multiple
sclerosis and systemic lupus erythematosus.

Clin. Exp. Immunol. 138(1), 164—170 (2004).

Nakou M, Knowlton N, Frank MB ez al.
Gene expression in systemic lupus
erythematosus: bone marrow analysis
differentiates active from inactive disease and
reveals apoptosis and granulopoiesis
signatures. Arzhritis Rheum. 58(11),
3541-3549 (2008).

Crow MK, Wohlgemuth J. Microarray
analysis of gene expression in lupus. Arthritis

Res. Ther. 5(6), 279-287 (2003).

www.futuremedicine.com

97

98

99

100

101

102

103

104

105

106

107

Biesen R, Demir C, Barkhudarova F ez al.
Sialic acid-binding Ig-like lectin 1 expression
in inflammatory and resident monocytes is a
potential biomarker for monitoring disease
activity and success of therapy in systemic
lupus erythematosus. Arthritis Rheum. 58(4),
1136-1145 (2008).

Lyons PA, McKinney EF, Rayner TF ez al.
Novel expression signatures identified by
transcriptional analysis of separated leucocyte
subsets in systemic lupus erythematosus and
vasculitis. Ann. Rheum. Dis. 69(6),
12081213 (2010).

Juang YT, Peoples C, Kafri R ez al. A systemic
lupus erythematosus gene expression array in
disease diagnosis and classification:

a preliminary report. Lupus 20(3), 243-249
@o11).

Garaud JC, Schickel JN, Blaison G ez al.

B cell signature during inactive systemic lupus
is heterogeneous: toward a biological
dissection of lupus. PLoS ONE 6(8), €23900
(2011).

Lugar PL, Love C, Grammer AC, Dave SS,
Lipsky PE. Molecular characterization of
circulating plasma cells in patients with active
systemic lupus erythematosus. PLoS ONE
7(9), e44362 (2012).

Ronnblom L, Eloranta ML, Alm GV.

The type I interferon system in systemic lupus
erythematosus. Arthritis Rheum. 54(2),
408-420 (20006).

Xu Z, Williams BR. Genomic features of
human PKR: alternative splicing and a
polymorphic CGG repeat in the
5’-untranslated region. /. Interferon Cyrokine
Res. 18(8), 609-616 (1998).

Polyak SJ, Tang N, Wambach M, Barber GN,
Katze MG. The P58 cellular inhibitor
complexes with the interferon-induced,
double-stranded RNA-dependent protein
kinase, PKR, to regulate its
autophosphorylation and activity. /. Biol.
Chem. 271(3), 1702-1707 (1996).

Pascual V, Chaussabel D, Banchereau J.

A genomic approach to human autoimmune
diseases. Annu. Rev. Immunol. 28, 535-571
(2010).

Pascual V, Allantaz F, Patel P, Palucka AK,
Chaussabel D, Banchereau J. How the study
of children with rheumatic diseases identified
interferon-alpha and interleukin-1 as novel
therapeutic targets. Immunol. Rev. 223, 39-59
(2008).

Interferon signature in systemic lupus
erythematosus.

Gota C, Calabrese L. Induction of clinical
autoimmune disease by therapeutic

interferon-alpha. Auroimmuniry 36(8),
511-518 (2003).

683



108

109

110

111

112

113

114

115

116

117

118

Arriens & Mohan

Greenberg SA, Pinkus JL, Pinkus GS ez al.
Interferon-alpha/beta-mediated innate
immune mechanisms in dermatomyositis.

Ann. Neurol. 57(5), 664—678 (2005).

Bave U, Nordmark G, Lovgren T ez al.
Activation of the type I interferon system in
primary Sjogren’s syndrome: a possible
etiopathogenic mechanism. Arzhritis Rheum.

52(4), 1185-1195 (2005).
Chaussabel D, Quinn C, Shen J ez a/.

A modular analysis framework for blood
genomics studies: application to systemic
lupus erythematosus. Immunity 29(1),
150-164 (2008).

Huang Z, Shi Y, Cai B ez al. MALDI-TOF
MS combined with magnetic beads for
detecting serum protein biomarkers and
establishment of boosting decision tree model
for diagnosis of systemic lupus erythematosus.
Rheumatology (Oxford) 48(6), 626631
(2009).

Comprehensive proteomics technique.

Katsumata Y, Kawaguchi Y, Baba S ez al.
Identification of three new autoantibodies
associated with systemic lupus erythematosus
using two proteomic approaches. Mol. Cell.
Proteomics 10(6), M110.005330 (2011).

Wang L, Dai Y, Qi S ¢z al. Comparative
proteome analysis of peripheral blood
mononuclear cells in systemic lupus
erythematosus with iTRAQ quantitative
proteomics. Rheumatol. Int. 32(3), 585593
(2012).

Comprehensive proteomics technique.

Sui W, Tang D, Zou G et al. Differential
proteomic analysis of renal tissue in lupus
nephritis using iTRAQ reagent technology.
Rheumatol. Int. 32(11), 3537-3543 (2012).

Pavon EJ, Garcia-Rodriguez S, Zumaquero E
et al. Increased expression and phosphorylation
of the two S100A9 isoforms in mononuclear
cells from patients with systemic lupus
erythematosus: a proteomic signature for
circulating low-density granulocytes.

J. Proteomics 75(6), 1778—1791 (2012).
Bauer JW, Baechler EC, Petri M ez a/l. Elevated

serum levels of interferon-regulated
chemokines are biomarkers for active human

systemic lupus erythematosus. PLoS Med.
3(12), €491 (20006).

Huang W, Hu C, Zeng H ez al. Novel
systemic lupus erythematosus autoantigens
identified by human protein microarray
technology. Biochem. Biophys. Res. Commun.
418(2), 241-246 (2012).

Liu CC, Kao AH, Hawkins DM ez al.
Lymphocyte-bound complement activation
products as biomarkers for diagnosis of

systemic lupus erythematosus. Clin. Transl.

Sei. 2(4), 300-308 (2009).

684

119

120

121

122

123

124

125

126

127

128

129

130

Vas J, Gronwall C, Marshak-Rothstein A,
Silverman GJ. Natural antibody to apoptotic
cell membranes inhibits the proinflammatory
properties of lupus autoantibody immune
complexes. Arthritis Rheum. 64(10),
3388-3398 (2012).

Huang X, Guo Y, Bao C, Shen N.
Multidimensional single cell based STAT
phosphorylation profiling identifies a novel
biosignature for evaluation of systemic lupus
erythematosus activity. PLoS ONE 6(7),
€21671 (2011).

Lin MW, Ho JW, Harrison LC, dos
Remedios CG, Adelstein S. An antibody-
based leukocyte-capture microarray for the
diagnosis of systemic lupus erythematosus.

PLoS ONE 8(3), €58199 (2013).

Koenig KF, Groeschl 1, Pesickova SS, Tesar V,
Eisenberger U, Trendelenburg M. Serum
cytokine profile in patients with active lupus

nephritis. Cytokine 60(2), 410-416 (2012).

Postal M, Pelicari KO, Sinicato NA, Marini
R, Costallat LT, Appenzeller S. Th1/Th2
cytokine profile in childhood-onset systemic
lupus erythematosus. Cytokine 61(3), 785-791
(2013).

Dean GS, Tyrrell-Price J, Crawley E, Isenberg
DA. Cytokines and systemic lupus
erythematosus. Ann. Rheum. Dis. 59(4),
243-251 (2000).

Schwartz N, Rubinstein T, Burkly LC et al.
Urinary TWEAK as a biomarker of lupus
nephritis: a multicenter cohort study. Arthritis

Res. Ther. 11(5), R143 (2009).
Pitashny M, Schwartz N, Qing X ez al.

Urinary lipocalin-2 is associated with renal
disease activity in human lupus nephritis.
Arthritis Rheum. 56(6), 1894—1903 (2007).

Brunner HI, Mueller M, Rutherford C ¢ al.
Urinary neutrophil gelatinase-associated
lipocalin as a biomarker of nephritis in
childhood-onset systemic lupus
erythematosus. Arthritis Rheum. 54(8),
2577-2584 (2006).

Kiani AN, Johnson K, Chen C et /. Urine
osteoprotegerin and monocyte
chemoattractant protein-1 in lupus
nephritis. /. Rheumatol. 36(10), 2224-2230
(2009).

Abd-Elkareem MI, Al Tamimy HM,
Khamis OA, Abdellatif SS, Hussein MR.
Increased urinary levels of the leukocyte
adhesion molecules ICAM-1 and VCAM-1
in human lupus nephritis with advanced
renal histological changes: preliminary
findings. Clin. Exp. Nephrol. 14(6), 548-557
(2010).

Wu T, DuY, Han J et al. Urinary angiostatin
—a novel putative marker of renal pathology
chronicity in lupus nephritis. Mol. Cell.
Proteomics 12(5), 1170-1179 (2013).

Int. J. Clin. Rheumatol. (2013) 8(6)

131

132

133

134

135

136

137

138

139

140

141

142

Arbuckle MR, Mcclain MT, Rubertone MV
et al. Development of autoantibodies before
the clinical onset of systemic lupus
erythematosus. V. Engl. J. Med. 349(16),
1526-1533 (2003).

Venner AA, Ibanez D, Gladman DD et al.
Comparison of three anti-dsDNA assays:
performance and correlation with systemic

lupus erythematosus disease activity. Clin.
Biochem. 46(4-5), 317-320 (2013).

Bruner BF, Guthridge JM, Lu R ¢z al.
Comparison of autoantibody specificities
between traditional and bead-based assays in
a large, diverse collection of patients with
systemic lupus erythematosus and family
members. Arthritis Rheum. 64(11),
3677-3686 (2012).

Op De Beeck K, Vermeersch P, Verschueren
P et al. Antinuclear antibody detection by
automated multiplex immunoassay in
untreated patients at the time of diagnosis.
Autoimmun. Rev. 12(2), 137-143 (2012).

Robinson WH, Digennaro C, Hueber W ez al.
Autoantigen microarrays for multiplex
characterization of autoantibody responses.

Nat. Med. 8(3), 295-301 (2002).

Li QZ, Xie C, Wu T et al. Identification of
autoantibody clusters that best predict lupus
disease activity using glomerular proteome
arrays. J. Clin. Invest. 115(12), 3428-3439
(2005).

Li QZ, Zhou ], Wandstrat AE ez a/. Protein
array autoantibody profiles for insights into
systemic lupus erythematosus and incomplete
lupus syndromes. Clin. Exp. Immunol. 147(1),
60-70 (2007).

Fattal I, Shental N, Mevorach D ez 4.
An antibody profile of systemic lupus
erythematosus detected by antigen microarray.

Immunology 130(3), 337-343 (2010).
Zhang B, Jarrell JA, Price JV et al.

An integrated Peptide-antigen microarray on
plasmonic gold films for sensitive human
antibody profiling. PLoS ONE 8(7), €71043
(2013).

Price JV, Tangsombatvisit S, Xu G ez al.
Onssilico peptide microarrays for high-
resolution mapping of antibody epitopes and
diverse protein-protein interactions. Nat. Med.
18(9), 1434-1440 (2012).

Wu T, Xie C, Han | et a/. Metabolic
disturbances associated with systemic lupus
erythematosus. PLoS ONE 7(6), 37210
(2012).

Comprehensive metabolomic scan of
systemic lupus erythematosus patients.
Ouyang X, Dai Y, Wen JL, Wang LX. (HDH
NMR-based metabolomic study of metabolic
profiling for systemic lupus erythematosus.
Lupus 20(13), 1411-1420 (2011).

fsg

future science group



CME

Systemic lupus erythematosus diagnostics in the ‘omics’ era

143

144

145

Romick-Rosendale LE, Brunner HI, Bennett
MR et al. Identification of urinary metabolites
that distinguish membranous lupus nephritis
from proliferative lupus nephritis and focal

segmental glomerulosclerosis. Arzhritis Res.

Ther. 13(6), R199 (2011).

Alavi A, Axford JS. Sweet and sour: the
impact of sugars on disease. Rheumatology
(Oxford) 47(6), 760-770 (2008).

Alley WR Jr, Mann BF, Novotny M V.
High-sensitivity analytical approaches for
the structural characterization of
glycoproteins. Chem. Rev. 113(4),
2668-2732 (2013).

146 Tuller T, Atar S, Ruppin E, Gurevich M,

147

148

Achiron A. Common and specific signatures
of gene expression and protein-protein
interactions in autoimmune diseases. Genes

Immun. 14(2), 67-82 (2013).
Koldobskaya Y, Ko K, Kumar AA et al.

Gene-expression-guided selection of
candidate loci and molecular phenotype
analyses enhance genetic discovery in
systemic lupus erythematosus. Clin. Dev.

Immunol. 2012, 682018 (2012).
Davis NA, Lareau CA, White BC ez al.

Encore: genetic association interaction
network centrality pipeline and application to

SLE exome data. Genet. Epidemiol. 37(6),
614-621 (2013).

= Websites

201

202

Nature Publishing Group. Omics gateway.
www.nature.com/omics/index.html

(Accessed 20 June 2013)

Hindorff LA, Macarthur J, Morales J et al.
A catalog of published genome-wide
association studies.
www.genome.gov/gwastudies

(Accessed 5 September 2013)

future science group

www.futuremedicine.com

685



Arriens & Mohan

CME

Medscape

EDUCATION ‘OmICS cra

To obtain credit, you should first read the journal
article. After reading the article, you should be
able to answer the following, related, multiple-
choice questions. To complete the questions (with
a minimum 70% passing score) and earn con-
tinuing medical education (CME) credit, please
go to www.medscape.org/journal/ijcr. Credit
cannot be obtained for tests completed on paper,
although you may use the worksheet below to
keep a record of your answers. You must be a reg-
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technical assistance, contact CME@webmd.
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Recognition Award (AMA PRA) credits are
accepted in the US as evidence of participation in
CME activities. For further information on this
award, please refer to http://www.ama-assn.org/
ama/pub/category/2922.html. The AMA has
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who participate in this CME activity are eligible
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Activity evaluation: where 1 is strongly disagree and 5 is strongly agree.
1 2 3 4 5

The activity supported the learning objectives.

The material was organized clearly for learning to occur.
The content learned from this activity will impact my practice.

The activity was presented objectively and free of commercial bias.

lupus erythematosus (SLE)?
O A

1B
the diagnosis of SLE

oc
0D

1. You are seeing a 40-year-old woman with a history of joint pain and laboratory
evidence of nephritis. What should you consider regarding the diagnosis of systemic

SLE is more than 4 times more common among women than men

At least 8 of 11 American College of Rheumatology (ACR) criteria are necessary to make

Most patients are diagnosed with SLE within 3 months of the onset of symptoms

Antinuclear antibodies (ANA) are highly specific in the diagnosis of SLE

0c
D

for SLE

2. What should you consider regarding the genomics of SLE?
[0 A The concordance rate of SLE diagnosis among monozygotic twins is 70%

[0 B Human leukocyte antigen (HLA)- and Fc region of IgG (Fc R)-related mutations are no
longer considered relevant in the pathogenesis of SLE

Mutations in IRF5 alone are strongly predictive of SLE

Pharmacogenomics can identify risks of drug toxicity but not predict response to therapy

Int. J. Clin. Rheumatol. (2013) 8(6)
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3 Which is the most common finding using transcriptomics in cases of SLE?
[0 A Downregulation of interleukin (IL)-1
[1 B Upregulation of IL-3
[0 € Upregulation of interferon

[1 D Downregulation of tumor necrosis factor (TNF)

4  Which of the following statements regarding proteomics and metabolomics in SLE
is most accurate?

1 A Proteomics is generally performed on a patient’s entire spectrum of proteins

[1 B Urinary TNF-like weak inducer of apoptosis (TWEAK) distinguishes patients with lupus
nephritis from those without lupus nephritis

[0 € Metabolomics focuses only on a limited number of metabolites in each patient

[1 D Metabolomics in SLE is characterized by increased energy substrates and reduced lipid
values
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