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Since 2008 investigators have identified many common genetic variants that confer
disease risk through single nucleotide polymorphism genotyping studies; the list of
variants will no doubt continue to expand at a rapid rate as genotyping technologies
evolve and case—control sample collections continue to grow. In aggregate, these
variants implicate pathways leading to NF-kB (nuclear factor kappa-light-chain-

enhancer of activated B cells) activation, the interluekin-2 signaling pathway, and T-cell

activation.
Summary

Although the effect of any individual variant is modest and even in aggregate
considerably less than that of the major histocompatability complex, discovery of recent
risk variants suggests immunological processes that are involved in disease

pathogenesis.
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Introduction

Rheumatoid arthritis (RA) is a complex disease involving
many different pathways within the innate and the adap-
tive immune system [1]; in addition to an inflammatory
polyarthritis that predominantly affects the hands, RA
can affect multiple other tissues, including the lungs [2].
T'he possibility that RA might have a genetic component
was considered as long ago as 1806 by William Heberden
in his book Commentaries on the History and Cure of Diseases
[3], in which he posed the question in his writings ‘Is
[rheumatism] not in some degree hereditary?’. Today, it
is well established that there are key genetic risk factors,
such as the shared epitope human leukocyte antigen
(HLA) alleles [4,5] and environmental risk factors, such
as smoking [6]. Within the past 2 years, genetic studies
have produced a rapidly growing list of risk loci for RA
and other autoimmune diseases, and investigators are
struggling to understand how these loci augment our
knowledge about human disease and identify individuals
at risk. Currently, known risk alleles, however, account
for only a fraction of the heritability of RA, and as
genotyping technology evolves and case—control collec-
tions enlarge, the number of known risk variants will
undoubtedly continue to expand.

Mouse models of arthritis have helped to elucidate the
key genetic factors and highlight potential therapeutic

1040-8711 © 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

interventions [7—10], but do not always correlate per-
fectly with human disease. Genetic studies can help us
identify the key genes and pathways that are involved at
the inception of human disease. As genetic variants are
present at birth and precede disease, the convincing
association of a specific variant with disecase demonstrates
that either the variant or a highly correlated nearby
variant plays a key role in disease pathogenesis. Con-
sequently, pathways that these genes are involved in may
be targeted effectively by therapeutics in early disease
and furthermore are potentially promising for curative
therapy.

Main text

In the present review, I seek to review recent advances in
RA genetics. First, I will review the available data
demonstrating that RA is a heritable disease. Second, 1
will review the RA risk loci identified so far and the
strategies used to discover them. Third, I will talk about
some of the biological insights that might be gleaned
from the current list of RA risk loci. Finally, I will discuss
the application of these loci to predicting RA risk.

Rheumatoid arthritis is a genetic disease

Overwhelming evidence from familial studies has long
implicated genetic factors in RA. Most notably, familial
studies have demonstrated an increased prevalence of
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disease in first-degree relatives. T'win studies have shown
an increased rate of disease in monozygous (identical)
versus dizygotic twins.

First-degree relatives

One common approach to assess and quantify the
possible role of genetic factors is to measure the con-
cordance of disease between related individuals. A highly
heritable disease will have an increased prevalence in
individuals related to affected probands compared with
the general population. For example, a proband with a
rare and highly penetrant monogenic dominant disease
will have 50% of their siblings affected by a rare disease
compared with a less than 1% population prevalence.
The increased incidence of RA among those individuals
related to probands with disease is a key observation that
suggests the heritability of disease. Of course, this obser-
vation could be explained by shared environmental fac-
tors as well; for example, family members living together
close to heavy traffic might all be exposed to the same risk
[11]. A key descriptive parameter is Ag — the ratio of the
prevalence of a disease among first-degree relatives
(parents, children, and siblings) compared with the
general population. For highly penetrant monogenic
diseases, A can be very high; for example, A is approxi-
mately 500 for cystic fibrosis. Complex diseases have
more modest A values; for example, it is approximately
15 for type I diabetes.

RA is commonly cited as having an Ag as 2-17 [12],
though more careful estimates are often more modest.
The carliest evidence of familial segregation was made in
1950 by the Empire Rheumatism Council [13]. They
noted that fathers, mothers, and sibling relatives of
affected individuals were each about twice as likely as
age-matched and sex-matched controls. This finding was
reproduced in many additional studies in the same time-
frame as reviewed by Lawrence [14]. Several large stu-
dies that have carefully ascertained controls to match or
adjust for age and sex have shown that the relative risk of
RA for first-degree relatives is also about 2—4 [15-17].
Jones er al. [16] looked at 134 RA probands from the
Norfolk Arthritis Registry compared with age-matched
and sex-matched controls. When they compared the
prevalence of RA among 418 first-degree proband
relatives compared with control relatives, they noted a
2.2-increased relative risk; however, this increase was not
statistically significant. Del Junco ez a/. [15] examined
1631 first-degree relatives of 78 RA probands in Roche-
ster, Minnesota and noted a significant increased rate of
1.7 compared with age-adjusted and sex-adjusted local
rates. A recent large study using the Multigeneration
Register in Sweden used diagnostic codes from hospital
discharges to demonstrate an increased relative rate of
disease in siblings of affected individuals to be 4.6 and in
children to be 3.0 [17]. These values are likely dependent

on the severity of the disease, serologic status of patients,
age, and sex of the proband [14,18]. Additionally, hospi-
tal-based cohorts seem to suggest greater heritability than
community-based ones.

Twin studies

Twin studies offer a powerful strategy to estimate the
genetic aspects of disease. In the past, twin studies have
been used to estimate the heritability of disease. Specifi-
cally, an increased rate of disease among monozygotic
twins compared with dizygotic twins offers evidence that
inherited factors predispose to disease risk, potentially
above and beyond common environmental factors. To
date, the most compelling analysis of twin studies
suggests RA i1s approximately 65% heritable [19] based
on data from a Finnish [20] and British cohort [21]. These
estimates are based on a total of only 23 concordant
monozygotic twins and 10 concordant dizygotic twins,
and estimates of heritability are, therefore, potentially
sensitive to modest biases. For example, a smaller Danish
RA twin study demonstrated no heritability for RA
whatsoever [22]. On the other hand, previous studies
to estimate twin concordance had demonstrated higher
degrees of heritability [14]. Possibly, diagnostic criteria
and study designs have changed over time, and these
more recent concordance rates are more modest.

In a recent extension of the British twin study, investi-
gators genotyped twins for shared epitope alleles and for
anticyclic citrullinated peptide (anti-CCP) antibody
[23°°]. They found that both seropositive and seronega-
tive RAs were equally heritable with approximately 65%
heritability for both diseases as previously noted. But,
shared epitope alleles account for only 2.4% of the
heritability of seronegative RA, but 18% of seropositive
RA.

Expanding list of known rheumatoid arthritis risk
variants with modern genetic approaches

Over the last year, a rapidly growing list of RA risk loci
has emerged in the scientific literature as case—control
sample collections grow and genotyping technologies
develop (see Table 1, Fig. 1) [4,24,25°°,26,27,28°°,29°°,
30,31,32°°,33,34,35°°,36°°,37,38,39°°,40,41].  Different
genetic strategies have been effectively applied to
identify risk loci in RA. These strategies can be broadly
divided into unbiased genome-wide investigations and
targeted investigations to examine specific alleles or
genes for which there is increased prior probability of
association based on previous functional or genetic infor-
mation.

The single nucleotide polymorphism (SNP) has become
the standard genetic marker to identify associated alleles
[42—-44]. Most confirmed SNP associations in RA
are common SNPs — those SNPs in which the rarer
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Table 1 Known rheumatoid arthritis single nucleotide polymorphism associations

SNP Locus Candidate gene OR Allele frequency References

rs3890745 1p36.2 TNFSF14 0.920 0.320 Raychaudhuri 2008 [39°°]

rs2240340? 1p36.13 PADI4 1.40 0.373 Suzuki 2003 [40]

rs2476601 1p13.2 PTPN22 1.750 0.100 Begovich 2004 [33]

rs11586238 1p13.1 CD2, IGSF2, CD58 1.120 0.227 Raychaudhuri 2009 [36°°]

rs7528684 1923.1 FCLR3 1.2 0.35 Kochi 2005 [41]

rs12746613 1923.2 FCGR2A 1.100 0.124 Raychaudhuri 2009 [36°°]

rs3766379% 1923.3 CD244 1.31 0.53 Suzuki 2008 [35°°]

rs10919563 1931.3 PTPRC 0.900 0.132 Raychaudhuri 2009 [36°°]

rs13031237 2p16.1 REL 1.207 0.340 Gregersen 2009 [28°°]

rs10865035 2q11.2 AFF3 1.140 0.460 Barton 2009 [32°°]

rs7574865 2g32.3 STAT4 1.320 0.180 Remmers 2007 [34]

rs1980422 2933.2 CD28 1.100 0.238 Raychaudhuri 2009 [36°°]

rs3087243 2g33.2 CTLA4 1.136 0.560 Plenge 2005 [30]

rs6822844 4q27 IL2/IL21 1.389 0.710 Zhernakova 2007 [31]

rs2395175 (and others) 6p21.32 MHC 1.000 0.021 Gregersen 1987 [4]

rsb48234 6921 PRDM1 1.100 0.322 Raychaudhuri 2009 [36°°]

rs10499194 6g23.3 TNFAIP3 (a) 1.220 0.220 Plenge 2007 [24]

rs6920220 6g23.3 TNFAIP3 (b) 1.333 0.610 Thomson 2007 [37]

rs5029937 6023.3 TNFAIP3 (c) 1.34 0.04 Orozco 2009 [25°°]

rs394581 6g25.3 TAGAP 0.930 0.286 Raychaudhuri 2009 [36°°]

rs2736340 8p23.1 BLK 1.122 0.243 Gregersen 2009 [28°°]

rs2812378 9p13.3 CCL21 1.100 0.355 Raychaudhuri 2008 [39°°]

rs3761847 9q33.1 TRAF1 1.100 0.440 Plenge 2007 [26]; Kurreeman 2007 [27]
rs2104286 10p15.1 IL2RA 0.92 0.28 Thomson 2007 [37]; Kurreeman 2009 [38]
rs4750316 10p15.1 PRKCQ 0.910 0.183 Raychaudhuri 2008 [39°°]; Barton 2008 [29°°]
rs540386 11p12 RAG1, TRAF6 0.920 0.144 Raychaudhuri 2009 [36°°]

rs1678542 12q13.3 KIF5A 0.890 0.351 Barton 2008 [29°°]; Raychaudhuri 2008 [39°°]
rs4810485 20g13.12 CD40 0.910 0.231 Raychaudhuri 2008 [39°°]

rs3218253 22g12.3 IL2RB 1.110 0.730 Barton 2008 [29°°]

Table represents known rheumatoid arthritis risk variants. In the three columns, | list the representative SNP, the cytogenetic location, and the likely
candidate gene. In the next two columns, | list the odds ratios and allele frequency in control populations. | list appropriate references in the final column.
OR, odds ratio; RA, rheumatoid arthritis; SNP, single nucleotide polymorphism.

#Risk allele associated in east Asian populations; remaining loci associated in European populations.

nucleotide form is present in more than 5% of the tides do not necessarily cause disease themselves. But,
population of chromosomes. Although these SNPs are they are likely to be correlated with common mutations
associated with disease, in most cases the altered nucleo- within the region that affect a functional change in nearby

Figure 1 Variance explained by rheumatoid arthritis genetic associations
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I list each known rheumatoid arthritis (RA) risk variant along the bottom in the approximate order of their discovery from left to right. Each SNP is plotted
along the Y-axis (left) with red bars the odds ratio of the risk allele. As time has progressed, case —control sample collections have increased in size and
the ability to discover modest effect sizes has increased. On the Y-axis (right), | plot the increase in the percentage variance explained. A total of
approximately 60% of the variance for RA liability is thought to be genetic. | have listed only variants shown to confer risk in European populations.
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genes and thereby cause disease. Methods to directly
look for rare variation, such as de-novo mutations and rare
structural variants, are ongoing and as of yet have not
yielded confirmed RA risk variants, but have been suc-
cessfully applied to other phenotypes.

Application of genome-wide scans

High throughput SNP genotyping technologies [45,46]
have allowed investigators to genotype common variation
across 100000—1 000000 SNPs efficiently. These SNPs
typically capture up to 65-70% of common variation
across the human genome [47,48] and can be used to
do an unbiased investigation for novel risk loci for a
phenotype of interest. Genome-wide association studies
(GWASs) combined this technology with large case—
control collections to allow investigators to rapidly
identify associated alleles. Additionally, genome-wide
genotyping offers investigators additional analytical
advantages such as checking for duplicated or related
individuals, imputation across the genome to determine
genotype of ungenotyped SNPs, and application of strat-
egies to check and correct for case—control stratification.

One key caveat for such studies is that as they assess
variation across a large number of loci, very high levels of
significance are necessary to convincingly rule out the
possibility that an association is a false positive. Today,
investigators typically require risk alleles to demonstrate
significant association at about P value less than 5 x 10~°
before they accept it as truly associated. To achieve this
level of stringency, effective genome-wide studies have
required large-scale international collaborations between
investigators worldwide.

Figure 2 TNFAIP3 locus

One of the first effective applications of the GWAS study
in RA was to discover the association at TNFAIP3. Plenge
et al. [24] identified an associated SNP (rs10499194) in
that region using a collection of Boston-based cases and
controls. A separate and independent 7NFAIP3-associ-
ated SNP (rs6920220) was identified by Thomson ez a/.
[37] in a follow-up study of the Wellcome Trust Case
Control Consortium (WTCCC) RA GWAS study [49].
Subsequent investigation by the Orozco e al. [25°°]
identified a third independent SNP association in the
same region in a fine mapping study. The TNFAIP3 locus
highlights the potential complexity that can be present at
a given locus involving multiple alleles marked by SNPs
with independent effects (see Fig. 2). Other discoveries
by the GWAS approach include an association at 7TRAF/
[26,27], REL, and BLK [28°°].

Another powerful aspect of genome-wide SNP data is
that it can be used to conduct genome-wide meta-
analyses across multiple studies, even if the same SNPs
have not been genotyped in all studies. Powerful stat-
istical techniques can be used to estimate or ‘impute’
missing genotypes prior to conducting meta-analyses
[50,51°]. We conducted the most recent large-scale
meta-analysis of three GWA scans [39°°], including scans
from the Epidemiological Investigation in RA (EIRA)
consortium, the WI'CCC, and The North American RA
Consortium (NARAC; see Fig. 3). As the different studies
used different genotyping platforms, we used imputation
strategies to estimate SNP genotypes that were missing
in individual studies. That study in conjunction with
follow-up genotyping in independent cases and controls
identified evidence of association at six separate loci. Of
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Currently, there are three known associated single nucleotide polymorphism

(SNP) loci in the TNFAIP3 locus. As indicated here, there are two risk

SNPs far upstream of the gene in linkage disequilibrium with each other, but conferring independent risk of disease. A third risk SNP is located within
the second intron of the gene and is not in linkage disequilibrium with the other two risk SNPs.
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Figure 3 A meta-analysis of three genome-wide association studies
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Here | present data from a meta-analysis of three separate genome-wide data sets. Each point represents a single nucleotide polymorphism (SNP).
Along the X-axis, | plot the genomic location of an individual SNP. The height of each point indicates the strength of association for that SNP. The dark
blue arrows indicate some known associations with rheumatoid arthritis (RA) at the time of this study. The pink arrows indicate SNPs that demonstrated
nominal evidence of association in this study (P< 0.0001) that were subsequently replicated in an independent collection of cases and controls.

those, five associations at CCL21, KIF5A, CD40, PRKCQ,
and TNFRSF14 have been independently described
[29°°,52°]. Imputation and meta-analysis techniques have
become a standard tool to combine results of multiple
GWA studies and have now been widely applied to many
phenotypes, including Crohn’s disease [53], height [54],
and diabetes [55].

Application of candidate single nucleotide
polymorphism studies

One effective approach to discovering risk alleles in RA
has been candidate SNP approach. In this approach,
investigators have selected specific SNPs to investigate
in RA, based on their known function, association with
other autoimmune disease, or prior nominal evidence of
association in linkage or case—control data.

Known risk alleles in type I diabetes have served as
valuable candidates for investigation in RA. Investigators
have tested multiple type I diabetes risk alleles for associ-
ation with RA. Some of theses alleles have now been
convincingly validated in RA, including C7LA4 [30],
4927 [31], and AFF3 [32°°]. Similarly, Zhernakova ez al.
[56] demonstrated preliminary evidence of association at
SHZB3 by genotyping a known risk allele in celiac disease
in RA samples [57]. These alleles highlight a very import-
ant theme in autoimmunity, which is the common SNP
loci which seem to predispose to autoimmune diseases in
general [56]. This theme was apparent even with the
earliest discovery of a risk variant outside the major his-
tocompatability complex (MHC) region in the PTPN22
gene with its association with RA, type I diabetes, lupus,
and other autoimmune diseases [33,58].

At least two known RA associations have been driven by
following up on regions with nominal evidence of associ-
ation. Remmers ez a/. [34] identified a promising candi-
date gene in a known RA linkage peak — subsequent
follow-up genotyping in a large set of independent cases
and controls demonstrated association at the S7TA74
locus. More recently, Suzuki ez a/. [35°°] identified nom-
inal evidence of association in a linkage disequilibrium
block containing multiple signaling lymphocyte acti-
vation molecule (or SLAM) genes and mapped the signal
to the rs3766379 SNP in Japanese patients. This SNP
turned out to be a functional SNP that affected CD244
gene expression.

Pathway-based approaches can also be used to discover
novel variants. The central assumption to these
approaches is that disease-associated SNPs should impli-
cate acommon pathway. We described one novel approach
that leverages both genome-wide data and information
about gene function. In order to identify whether SNP
associations implicated a set of genes that are functionally
interrelated, we devised the GRAIL (gene relationships
across implicated loci) algorithm [59°]. GRAIL applies
computational text mining to PubMed abstracts to assess
whether genes across multiple loci are functionally con-
nected, and therefore, are likely to represent a common
pathway. We used this approach to help identify novel RA
risk loci. Based on the aforementioned meta-analysis, we
identified 22 SNPs with nominal evidence of association
(P <0.001), which were also near genes that were con-
nected to genes already associated with RA. We genotyped
these SNPs in independent samples and identified seven
that replicated including associations at CDZ/CD5S, CDZ2S,
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PRDM1, TAGAP, PTPRC, TRAF6/RAGI, and FCGR2A
[36°].

Future challenges for rheumatoid arthritis
genetics

As highlighted above, recent progress has identified a
large number of RA risk alleles. Growing international
collaboration, improving genotyping technologies, and
enlarging patient sample collections will further enhance
these discoveries. However, specific challenges remain to
clearly understand how these variants cause disease and
how these discoveries can be used to enhance patient
care.

The major histocompatability complex

The largest contributor of the genetic variation has been
attributed to HLA-DRBI risk alleles in the MHC region
discovered in the 1970s [5] and subsequently organized
into the shared epitope alleles by Gregersen ez al. [4].
Estimates of the contribution of the shared epitope
alleles to the total genetic variability of RA have ranged
from 18 to 37% [23°°,60]. But, outside the shared epitope
alleles within the HLA-DRB1 gene locus, additional risk
alleles may exist within the MHC, but these alleles
remain to be pinpointed precisely [61°°,62°°]. The
MHC region is a highly complex region with extended
linkage disequilibrium and complex structural features
that reduce the effectiveness of standard SNP-based
genotyping strategies and analytical approaches. In
particular, converting SNP genotypes into HLA alleles
is difficult. Although SNP GWA data are available for a
large number of samples worldwide, in most cases HLLA
genotyping is expensive and unavailable. In the coming
years, one of the challenges will be to use genotyped
SNPs in GWAS to estimate HLLA alleles and to then
identify additional risk alleles within the MHC itself.
Recent advances to use a panel of approximately 100
SNP genotypes across the MHC to estimate HLLA geno-
types could have a tremendous impact in this area and
help investigators to clarify the genetics of the MHC and
its impact on RA [63°,64].

Structural variants

Recently, new array-based and sequencing technologies
have allowed investigators to examine the genome for
structural variants [65-67], such as regions that are
deleted and duplicated. Case—control studies have
demonstrated association of structural variants with
multiple diseases, including autoimmune diseases. In
one striking example, McCarroll ¢ a/. [68] examined a
strongly associated SNP to Crohn’s disease and recog-
nized that it correlated perfectly with the presence of a
deletion in the promoter region of the /RGM gene and
therefore affected gene expression. Another compelling
example is the B-defensin gene cluster; duplications of B-

defensin have been shown to be associated with greater
risk of psoriasis [69]. Rare variants can also now be
detected with current technologies, and the role of rare
or single-event deletions and duplications has been
demonstrated in neuoropsychiatric diseases [70,71].
No convincing examples of common or rare structural
variants conferring disease risk have been recognized for
RA yet. However, there is mounting evidence in the
literature that a microdeletion in the CCRS gene, the
CCRS5A32 polymorphism, protects individuals from dis-
ease; this variant has been demonstrated to play a role in
HIV disease progression [72]. There has also been pub-
lished evidence suggesting that duplications of the

CCL3L1I gene may increase RA risk [73].

Implicating pathways to rheumatoid arthritis risk

One of the key goals of genetics is to identify biological
pathways and processes that predispose to risk. In Fig. 4,
I have used GRAIL to demonstrate the compelling
functional connections across genes near RA-associated
SNPs; these connections strongly suggest that common
pathways are present across multiple RA risk loci.

For example, risk alleles highlight genes involved in T-
cell activation by antigen presenting cells (class [I MHC
region, PTPN22, STAT4, CD28, and C'TL.A4). More recent
discoveries have demonstrated the role of the CD40
signaling pathway and downstream activation of nuclear
factor-k B (NF-«kB) signaling pathway (CD40, TRAFI,
TRAF6, TNFSF14, TNFAIP3). Recently, Gregersen
et al. [28°°] conducted an unbiased GWAS to definitively
identify an associated risk allele at ¢-REL, one of the five
NF-kB family proteins.

Recent associations have also now clearly implicated the
11.2 signaling pathway, a critical cytokine involved in T-
cell activation and proliferation. Follow-up genotyping of
nominally associated SNPs (P < 107°) in the WTCCC
RA GWAS demonstrated evidence of association at
IL2RA that was subsequently confirmed by an indepen-
dent group [37,38]. Follow-up genotyping of nominally
associated SNPs (P < 1074) demonstrated evidence of
association at ILZRB that was subsequently confirmed
by an independent group [29°°,38]. Finally, Zhernakova
et al. [31] demonstrated association of a SNP implicating
the /L.2/I1.21 locus, which was subsequently confirmed in
an independent study by Barton ¢z /. [32°°]. Functional
connections across the genes within these loci are clearly
highlighted in Fig. 4.

Seronegative disease

The majority of the discoveries presented here have been
identified with predominantly seropositive (anti-CCP or
rheumatoid factor positive) samples. Many studies expli-
citly exclude seronegative samples to assure diagnostic
certainty and homogeneity. The differences in the
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Figure 4 Gene relationships across rheumatoid arthritis-associated loci
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Here | list each of the known rheumatoid arthritis (RA)-associated single nucleotide polymorphisms (SNPs) along the outer ring; the internal ring
represents the genes near each SNP with a box. l illustrate the literature-based functional connectivity between these genes with lines drawn between
them as assessed by the gene relationships across implicated loci (GRAIL) algorithm. The more red and thicker the lines are, the stronger the
connectivity between the genes is. RA SNPs implicate a small number of highly connected genes — those genes are indicated by labeled boxes.

genetics of anti-CCP-positive and anti-CCP-negative RA
have now been demonstrated most strikingly in the role
that the shared epitope alleles play in multiple studies
[23°°,74], whereas in seropositive disease, shared epitope
alleles are the strongest risk factor; they seem to play a
much more modest role if any at all in seronegative
disease. More recently, Ding ez al. [62°°] conducted a
GWA study and examined the association of MHC SNPs
in seronegative cases and observed no significant associ-
ation of any SNP. However, outside the MHC, additional
studies are necessary to demonstrate similarities and
differences between the risk loci for seronegative and
seropositive disease.

Predicting disease risk
One of the goals of genetic studies is to be able to predict
individual risk for patients. For such predictive strategies

to be clinically applicable, they will need to achieve a
high degree of specificity.

Based on twin studies, it is unlikely that full ascertain-
ment of the genome alone will result in highly accurate
clinical risk prediction in RA. Concordance rates among
dizygotic twins offer a sense for the upper-bound for the
predictive power of a genetic test. As monozygotic twins
have identical genotypes, a hypothetical predictive
method that uses only genetic information will assign
the same prediction to both twins. For monozygotic twin
pairs with at least one affected twin, RA has a maximum
of 15% concordance. Any method that is 100% sensitive
when applied to probands will accurately classify them as
affected. But, the same sensitive method when applied to
the related twins will also classify all of them as affected,
and the positive predictive value will be at most 15%. On
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the other hand, a 100% specific method will accurately
classify at least 85% of the related twins as unaffected;
but the same method when applied to the affected
probands will only be at most 15% sensitive. A specific
and clinically applicable method that uses only genetic
information can, therefore, identify at most 15% of
affected patients in advance of clinical symptoms.

Certainly, the addition of additional factors such as epi-
genetic information, biomarkers, clinical predictors, and
environmental factors will improve predictive power and
may result in a more useful approach.

However, current SNP associations and MHCQC alleles in
aggregate can offer insight into risk of RA for individuals
within a population, assuming representative ethnic
background. Karlson ¢ a/. [75°] used published RA risk
SNP alleles and their odds ratios along with MHC risk
alleles to demonstrate that they could be used to stratify
patients into seven genetic risk categories; they showed
that the highest risk category was at three-fold the risk
of the population baseline and six-fold the lowest risk
category.

Conclusion

In the last year, investigators have identified multiple
additional novel RA risk loci; but these loci likely
represent early steps in understanding RA genetics.
Much additional work remains to understand the
complexity of each of these loci, the functional role that
each locus plays in the pathogenesis of RA and of
autoimmune disease in general, and to discover the
complete list of risk loci. Ultimately, these risk loci will
continue to provide key insights into the pathogenesis
of RA.
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