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ABSTRACT

Objective

Most of the genetic risk for rheumatoid arthritis (RA) is conferred by ‘shared epitope’ (SE),
encoding alleles of HLA-DRB1. Specific North American Native (NAN) populations have RA
prevalence rates of 2-5%, representing some of the highest rates estimated worldwide. As
many NAN populations also demonstrate a high background frequency of SE, we sought
to determine whether other genetic factors contribute to disease risk in this predisposed
population.

Methods

RA patients (n = 333) and controls (n = 490) from the Cree/Qjibway NAN population in
Central Canada were HLA-DRB1 typed and tested for 21 single-nucleotide polymorphisms
(SNPs) that have previously been associated with RA, including PTPN22, TRAF1-C5,
CTLA4, PADI4, STAT4, FCRL3, CCL21, MMEL1-TNFRSF14, CDK6, PRKCQ, KIF5A-PIP-
4K2GC, IL2RB, TNFAIP3, IL10-1082G/A and REL.

Results

Our findings indicate that SE is prevalent and represents a major genetic risk factor for
RA in this population (82% cases versus 68% controls, odds ratio = 2.2, 95% confidence
interval 1.6-3.1, P< 0.001). We also demonstrate that in the presence of SE, the minor al-
lele of MMEL1-TNFRSF14 significantly reduces RA risk in a dominant manner, whereas
TRAF1-C5 increases the risk.

Conclusion

These findings point to the importance of non-HLA genes in determining RA risk in a popu-
lation with a high frequency of disease predisposing HLA-DRB1 alleles.
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INTRODUCTION

Rheumatoid arthritis (RA) affects populations worldwide, with prevalence rates of 0.5-1%
typically estimated in European and United States populations, and lower rates in African,
Chinese and Japanese populations’. However, several North American Native (NAN) popu-
lations have substantially higher prevalence rates, estimated as high as 5.3% in the Pima of
Arizona and 2.4% in the Tlingit of Alaska?*. The shared epitope (SE) hypothesis postulates
that RA predisposing alleles of the HLA-DRB1 locus encode for a positively charged QK(R)
RAA sequence in position 70-74 in the third hypervariable region of the molecule®. In most
populations, the SE sequence is found in HLA-DRB1*04 alleles. In NAN populations, SE-
bearing alleles are primarily HLA-DRB1*1402 and *0404%°, High background population
frequencies of the SE may, in part, explain the higher prevalence rates of RA in NAN popu-
lations, compared with other populations. For example, frequencies of the SE vary from 28
to 38% in United States and United Kingdom Caucasians, but frequencies as high as 60
to 95% have been reported in several NAN populations, where they have been studied®!.

In European populations, the contribution of HLA to genetic risk of RA has been estimated
at 37%'". The availability of the human genome sequence, high through-put single-nucle-
otide polymorphisms (SNP) technologies and large cohorts of RA patients has allowed the
identification of associations with 20-30 new non-HLA gene regions, using both candidate
gene and genome wide association scans (GWAS). These have included PTPN22, CTLA4,
TRAF1-C5, STAT4, TNFAIP3, CD40, MMEL1-TNFRSF14 and REL''4. Interestingly, these
studies have suggested ethnic differences in the patterns of genetic susceptibility, neces-
sitating confirmation of associations in different populations'®-'”. Examples are a PTPN22-
R620W polymorphism which is strongly associated with RA and other autoimmune dis-
eases in Caucasian populations, but is absent in Orientals, and an association with PADI4
SNP found in Japanese populations which is not detected in most Caucasian populations,
despite the presence of these gene polymorphisms'-2°. Our own studies of the Cree/Ojib-
way population in Central Canada have suggested a 2-3% prevalence rate of diagnosed
RA, and a 60-70% frequency of SE alleles in the background population”®2'. We sought
to determine additional non-HLA genes that may contribute to the high frequency of RA
detected in this population. We, therefore, genotyped NAN RA patients and controls for a
spectrum of SNPs that were shown to be disease associated, using candidate gene and
GWAS approaches in other populations. Our results indicate that several of these SNPs
may contribute to disease risk in this population, with an SNP in the MMEL1-TNFRSF14
region having a particularly strong protective effect in SE positive individuals.
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PATIENTS AND METHODS

Study subjects

We recruited RA patients and controls of Cree, Ojibway or Ojicree ethnic background. To
be included in the study, all patients and controls had at least three of four grandparents of
this ethnic background by self-report. A total of 338 RA patients were recruited from rheu-
matology clinics in urban areas of Central Canada, Winnipeg and Saskatoon, as well as
rural areas, Norway House and St Theresa Point, Manitoba. A total of 516 controls from the
same geographic areas were recruited by one of three methods: an accompanying spouse
of an RA proband, a participant in a Health Fair, or through random sampling of the study
communities. The latter approach accounted for most of the controls recruited from the
rural locations. All controls had no history of RA or other autoimmune diseases.

The study protocol was approved by the Research Ethics Board of the University of Mani-
toba and by the Tribal Band Councils of the study communities. All study subjects gave
informed consent after having the study details explained in their language of choice.

HLA-DRB1 testing

HLA-DRB1 testing was performed by polymerase chain reaction, using sequence-specific
oligonucleotide primers and sequence-based typing as previously described®. The follow-
ing DRB1 alleles were included as SE-bearing alleles: DRB1*0101, 0102, 0401, 0404, 0405,
0408, 0410, 1001 and 1402. Other SE-bearing alleles were not found in this population.

SNP testing in non-HLA genes

The complete list of SNP evaluated in this study is shown in Tables 2 and 3. These were se-
lected on the basis of previously published genome wide association data, indicating SNP
association with RA™®'4. Genotyping was undertaken in the laboratory of Dr Katherine Simi-
novitch at the University of Toronto, and the multiplexed SNP assays were performed on
the Sequenom Mass Array iPLEX platform (Sequenom, Inc., San Diego, CA, USA). Allele-
specific extension products were plated onto a SpectroCHIP (Sequenom, Inc.) subjected
to mass spectrometric analysis, and the genotypes were identified using SpectroCALLER
software (Sequenom, Inc.).

Data analysis

The genotyping data for all individuals tested were subjected to quality control and indi-
viduals with genotype call rates less than 95% were removed. For each marker, genotype
data quality was verified by testing the Hardy-Weinberg equilibrium in the control samples.
The SNPs included in the study met the minimum quality control standards, with call rate
greater than 95%, MAFs more than 1% and deviation from the Hardy-Weinberg equilibrium
at P> 0.0001.

The SNP associations with RA were tested using the Plink software version 1.06 (http://
pngu.mgh.harvard. edu/~purcell/plink/summary.shtml) and SAS version 9.1.3 (SAS Insti-
tute Inc., Cary, NC, USA). As all the SNP associations with RA have been previously made
in at least one population, no correction for multiple comparisons was made.
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In total, there were 854 NAN individuals (338 RA cases and 516 controls). In all, 31 individu-
als were removed for low genotyping, and after quality control, 333 cases and 490 controls
were retained for analysis. The statistical power was evaluated by the software ‘The CaTS
Power Calculator’ (Center for Statistical Genetics, University of Michigan, Ann Arbor, MI,
USA) for this study, with a total of 823 subjects consisting 333 cases and 490 controls. We
assumed the estimated disease prevalence of 0.025, disease allele frequency 0.19, geno-
typic relative risk 1.5 and Type-1 error alpha 0.05.

Association analyses were performed using allelic, genotypic, minor allele dominant (ma-
jor allele recessive) and minor allele recessive models. In analyzing the SE positive sub-
jects 631 individuals (277 RA cases and 354 controls) were included. In all, 28 individuals
were removed for low genotyping, and after quality control, 273 cases and 330 controls
were retained. As with the entire population, association analyses were undertaken with
all genetic models for this data set. Interaction between SE and MMEL1-TNFRSF14 was
further tested using a multiplicative interaction model (risk factor 1 negative + risk factor 2
negative versus risk factor 1 positive + risk factor 2 positive), as previously described®. A
logistic regression model was also tested, in which an interaction term between SE and the
AA genotype of MMEL1-TNFRSF14 was added.35 The power to detect the association is
89% using an additive model and is 75% using a dominant model.

RESULTS

The demographic and clinical features of the patient and control populations are shown in
Table 1. As is typical of other RA populations, this was a predominantly female population.
Although there was also a female predominance in the control population, the frequency
was significantly lower than in the RA patients (82 versus 63%), P<0.01). As we have pre-
viously shown in this population, the available RA autoantibody data indicated that, ap-
proximately 90% of this cohort was rheumatoid factor (RF) and anti-citrullinated protein
antibody (ACPA) positive??. The overall prevalence of one or two copies of SE (SE/x) was 82
and 68% for RA patients and controls, respectively (P<0.01). The number of patients and
controls with two copies of SE (SE/SE) was 32 and 23%, respectively. The two most com-
mon SE alleles were HLA-DRB1*0404 (43 and 32% in RA cases and controls, respectively)
and *1402 (31 and 29% in RA cases and controls, respectively).

Table 1. Clinical and immunogenetic characteristics of the study populations

RA (n =333) % Controls (n = 490) % P-value
Females 82 63 <0.01
RF positive 88 (223/255) - -
Anti-CCP positive 91 (74/81) - -
SE/x genotype 82 68 <0.01
SE/SE genotype 32 23 < 0.01

Abbreviations: Anti-CCP, anti-cyclical citrullinated protein; RA, rheumatoid arthritis; RF, rheumatoid
factor; SE, shared epitope.
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We sought to determine non-HLA genes that may contribute to the development of RA
in the NAN population. We tested SNPs that have been previously shown to be associ-
ated with RA; using candidate gene and GWAS approaches, these studies having been
performed primarily in Caucasian populations. Table 2 compares the minor allele frequen-
cies (MAFs) detected in the NAN control population to that reported in the GWAS.23 The
genotype distribution and MAF for the SNPs detected in the NAN RA cases and controls
is shown in Table 3. The data in Table 3 indicate that genotypic distribution for MMEL1-
TNFRSF14, FCRL3 and CCL21 differed significantly between controls and RA patients.
The MAF for MMEL1-TNFRSF14 tended to be lower in RA patients (odds ratio (OR) 0.82,
95% confidence interval (Cl) 0.7-1.0, P = 0.08) while being higher for TRAF1-C5 (OR 1.23,
95% CI 1.0-1.5, P = 0.06).

Table 2. Comparison of the MAF for SNPs detected with >5% frequency in the NAN control popula-
tion with the frequency previously published in GWAS of Caucasian populations.

Gene SNP Population ~ Minor Major MAF OR P-value
MMEL1-
TNFRSF14* rs3890745 NAN G A 0.31 0.82 0.079
Caucasian C T 0.32 0.89 3.6E—6
REL rs13031237 NAN T G 0.23 0.91 0.393
Caucasian® T G 0.37 1.13 79E—-7
STAT4 rs7574865 NAN T G 0.29 1.01 0.981
Caucasian® T G 0.22 1.16 2.9E—-7
CTLA4 rs3087243 NAN A G 0.37 1.06 0.601
Caucasian® A G 0.44 0.87 1.2E—-8
TNFAIP4 rs10499194 NAN T C 0.12 1.22 0.199
Caucasian® T C 0.27 1.91 74E—4
CCL21 rs2812378 NAN C T 0.38 0.92 0.994
Caucasian® G A 0.34 1.10 1.0E—4
TRAF1-C5 rs3761847 NAN G A 0.29 1.23 0.062
Caucasian® G A 0.43 1.13 21E-7
KIF5A-PIP4K2C rs1678542 NAN G C 0.30 0.94 0.547
Caucasian® G C 0.38 0.91 2.0E—4

Abbreviations: GWAS, genome wide association scans; MAF, minor allele frequencies; NAN, North
American Natives; OR, odds ratio; SNF, single-nucleotide polymorphisms. 2Bases used for genotyp-
ing the minor allele of rs3890745 are the complementary bases to those reported in GWAS, but the
data indicate a comparable MAF in both populations.’Caucasian MAF data based on data published
in Stahl et al.®®
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We explored models other than the genotypic and allelic models that may potentially better
explain the association between individual SNPs and RA, in particular minor allele domi-
nant and minor allele recessive models. These models examine associations on the basis
of the homozygous and heterozygous states for each SNP, as gene dosage may impact
on risk. Figure 1 compares the OR detected for each SNP using an allelic model (Figure
1a) and a minor allele dominant model (Figure 1b). The latter model compares the het-
erozygous + minor allele homozygous states to the homozygous major allele state (Aa +
aa versus AA). This analysis further demonstrates the significant protective effect of the
MMEL1-TNFRSF14 in minor allele dominant manner.

{A) Allelic {B) Minor allele dominant

IL2RB
KIFSA-PIPAK2C -
PRKCQ
TRAF1-C5
TRAF1-C5
ccL21 -
CDKé
TNFAIP4 -

TNFAIP4
CTLA4 -4
CTLA4 -
STAT4 4
STAT4 .
REL -
REL 4

IL10 - 1082G/A
FCRL3 “
FCRL3 4
PTPN22 -
PTPN22 1
PADI4 R
MMEL1-TNFRSF14 »*

T I‘*TfT1+§§+T*

VTTYV?Y'|YY"fT+ §§+r+

+‘||¢§1$‘1A11.11.

r T v T m r e

01 1 10 0.1 1 10
Log Odds Ratio Log Odds Ratio

Figure 1. Log odds ratio for association between a panel of non-HLA SNPs and RA in a NAN popu-
lation. (a) Represents an allelic model; (b) represents a minor allele dominant model (AA versus Aa +
aa). MMEL1-TNFRSF14 is significantly protective in the minor allele dominant model.

Because of the high frequency of SE alleles in this population, we analyzed the panel of
SNPs in the SE positive cases and controls. These data are shown in Table 4. On the basis
of this analysis, we tested MMEL1-TNFRSF14 and TRAF1-C5 in minor allele dominant
and recessive models. These data are shown in Table 5 and demonstrate the strength of
the RA association in the minor allele dominant model, particularly when comparing only
SE positive cases and controls. In the case of TRAF1-C5 minor allele, the association was
positive, whereas the association with the MMEL1-TNFRSF14 minor allele was in the op-
posite direction.
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Table 5. OR for RA association with MMEL1-TNFRSF14 and TRAF-C5, using a minor allele dominant
(top panel) and minor allele recessive model (bottom panel), in the entire population of cases and
controls (left panels) and SE-positive cases and controls (right panels)

All controls and cases SE positive controls and cases
OR 95% Cl P-value OR 95% Cl  P-value

Minor allele dominant model
(Aa+aa vs AA)

MMEL1-TNFRSF14 0.69 0.5-0.9 0.009 0.61 0.4-0.8 0.002
TRAF1-C5 1.27 1.0-1.7 0.096 1.56 1.1-2.2 0.007

Minor allele recessive model
(aa vs Aa+AA)

MMEL1-TNFRSF14 1.14 0.7-1.8 0.620 1.45 0.8-2.5 0.200
TRAF1-C5 1.36 0.9-2.2 0.220 1.89 1.1-3.3 0.040

Abbreviations: Cl, confidence interval; OR, odds ratio; RA, rheumatoid arthritis; SE, shared epitope.

Finally, we determined whether there was evidence of multiplicative interaction between
SE and MMEL1-TNFRSF14. These data are shown in Table 6. As the minor allele is pro-
tective in a dominant manner, we tested the interaction between SE and the homozygous
major allele state of the MMEL1-TNFRSF14 SNP (AA) as risk factors. The data indicate
that, compared with the absence of both risk factors (OR = 1), having both SE and AA is
associated with a substantial increase in risk, compared with having only one of these risk
factors (OR 2.6, 95% CI 1.7-4.1, P< 0.0001). This interaction was further confirmed using
a logistic regression model, where an interaction term SE*AA was added to a model that
included both risk factors and gender. In this model, the interaction term was significantly
associated with RA (OR 2.2, 95% CI 1.1-4.6, P = 0.03). An analysis of TRAF1-C5 as a risk
factor showed a similar interaction with SE (OR 2.3, 95% CI 1.2-2.3, P<0.001).

Table 6. Evidence for interaction between the homozygous major allele (AA) genotype of MMEL1-

TNFRSF14 and SE
MMEL1-TNFRSF14
SE allele Cases/ controls OR (95% Cl) P-value
AA genotype
0 0 35/87 1.0
0 1 123/203 1.5 (1.0-2.4) 0.06
1 0 26/73 0.9 (0.5-1.6) 0.60
1 1 154/151 2.6 (1.7-4.1) <0.0001

Abbreviations: Cl, confidence interval; OR, odds ratio; SE, shared epitope. The reference genotype
with both risk factors absent is shown in the first row. The presence of the individual risk factors
alone and in combination is shown in the lower rows.
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DISCUSSION

NAN populations have been shown to have a high prevalence of RA, compared with most
other populations worldwide®*. Moreover, as is the case with a number of the NAN popula-
tions that have been studied, we have shown that the Cree/Ojibway population in Central
Canada has a high prevalence of SE alleles, specifically *0404 and *1402.8 Because of
the high prevalence of SE in the population, we looked for SNP associations in non-HLA
regions that may further predispose NAN individuals to RA, or alternatively, protect them
from the risk associated with SE. In the current study, we show that several non-HLA
SNP were marginally associated with RA risk in the NAN population, but that SNPs in the
TRAF1-C5 and MMEL1-TNFRSF14 regions interacted significantly with SE, albeit in oppo-
site directions with the former increasing risk and the latter being protective in the presence
of the HLA-DRB1 risk.

In comparing the SNP allele frequencies in the NAN population with those reported in pre-
vious GWAS and candidate gene studies, some differences in SNP MAFs were apparent
(Table 2). One potential confounder in such a comparison is that of ethnic admixture in the
NAN population. However, to minimize admixture effects, inclusion in this study required
each individual to have at least three of four grandparents of NAN background. Although
this strategy does not eliminate the possibility of Caucasian (or other ethnic) admixture, our
previously reported HLA data suggest that the frequency of the Caucasian HLA-A1 allele
in this NAN population is <5%.7

The association with MMEL1-TNFRSF14 was initially demonstrated in a meta-analysis
of three GWAS of approximately 4000 European patients and 12 000 European controls,
whereas it had not been detected in any of the smaller individual GWAS™. In that study,
the minor allele was also shown to have a protective effect on disease development (OR =
0.86), which is similar to what we detect in the current study. The modeling we performed
suggested that the homozygous state for the major allele conferred the highest risk, and
that the presence of the minor allele was indeed protective in a dominant manner. This
finding is particularly relevant to a population, where most individuals carry one or more
SE alleles, the primary risk factor for RA susceptibility. In such a population, it is likely that
other genes have an important modulating effect on the HLA-DRB1 associated risk.

Recently, a study of Spanish RA patients and controls demonstrated an epistatic interac-
tion between MMEL1-TNFRSF14 (as identified by rs6684865) and another TNFR super-
family member, TNFRSF6B (as identified by rs4809330), which increased the risk of RA%.
TNFRSF6B alone did not affect RA risk. Moreover, although the genotypic distribution of
MMEL1-TNFRSF14 was similar to that of NAN controls in our study, the association with
MMEL1-TNFRSF14 alone was marginally demonstrable only in the replication study and
not in the primary study, even after stratification for SE. The reasons for these differences
remain unclear, but may relate to the distribution of the SE alleles in the Spanish popula-
tion. The causal gene in the MMEL1-TNFRSF14 association has not been identified, as
the SNP studied is not located in a genomic region where they would have a clear impact
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on gene function. It is appealing to speculate that TNFRSF14 is indeed the RA associated
gene as it is a key homeostatic molecule involved in T-cell activation?®. Also known as her-
pes virus entry mediator for its role as a herpes virus receptor, TNFRSF14 is expressed on
the surface of T cells and synovial fibroblasts and activates the canonical nuclear factor-kB
(NF-KB) pathway upon ligation of LIGHT, a TNF super family member?5-28,

TRAF1-C5 was previously reported to be associated with RA in primarily Caucasian popu-
lations?®. The OR for association with the minor allele of the rs3761847 SNP was reported
at 1.32, which is comparable to an OR of 1.23 we report in the NAN population, using the
same SNP. We further demonstrate that the OR is increased to 1.48 when analyzing SE
positive cases and controls, and as with MMEL1-TNFRSF14, there is an indication of a
significant interaction with SE. In both cases, the minor allele appeared to act in a domi-
nant manner, albeit in opposite directions. This conclusion has to be interpreted cautiously
however, in view of the challenges inherent to analysis of epistasis between gene loci in
complex disorders such as RA%®.

TRAF1 and TNFRSF14 are both involved in the activation of NF-KB, a central pathway in
the pathogenesis of RA. Indeed, many of the non-HLA SNPs that have been associated
with RA are centered around the NF-KB pathway, and include TNFAIP3, CD40 and REL in
addition to TRAF1 and TNFRSF14. The NF-KB pathway is activated by TNFa and IL-1P,
two key cytokines in RA pathogenesis, and in turn, regulates the transcription of a gene
signature that promotes both the chronic inflammatory response and the matrix degrad-
ing mechanisms that are a characteristic feature of the disease. SE encoding HLA-DRB1
alleles have been hypothesized to predispose to RA by efficiently presenting citrullinated
antigens to T cells®, and in turn, generating immune responses that target endogenous
citrullinated antigens such as cit-vimentin, cit-fibrinogen and cit-enolase®. It is thus pos-
sible that in the context of such facilitated antigen presentation by SE encoding alleles, the
subsequent downstream activation of immune effector cells such as T cells and macro-
phages is modulated by polymorphic variants of molecules in the NF-KB pathway, such
as TRAF1 and TNFRSF14. To date, the functional consequences of these polymorphisms
have not been demonstrated, nor is it clear that they are indeed the disease causal genes.

In addition to MMEL1-TNFRSF14 and TRAF1-C5, a number of other marginal associa-
tions were detected that perhaps would be more significant if the study had greater power.
Perhaps, most surprising was the absence of a clear association with the R620W allele of
PTPN22, this having been shown to predispose to RA in multiple populations. We found a
frequency of 3% in controls for the R620W genotypes in the NAN population, as identified
by rs2476601, and an almost identical genotypic distribution for a second SNP found in the
PTPN22 gene, rs6679677. Although this frequency is somewhat lower than the 12-15%
reported in Caucasian populations, it contrasts with that in several present-day East Asian
populations in which this polymorphism is absent'®'7. We were also unable to confirm a
previously reported protective effect of an SNP in the IL10 promoter®.
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CONCLUSION

In summary, we have evaluated genomic RA risk in a NAN population with a high preva-
lence of RA. A spectrum of SNPs previously identified using GWAS and candidate gene
approaches were tested. The data indicate that, in this population where RA-associated
SE alleles are prevalent, there is a modulatory effect on disease risk from non-HLA genes,
particularly MMEL1-TNFRSF14 and TRAF1-C5.

REFERENCES

10.

Silman AJ, Pearson JE. Epidemiology and genetics of rheumatoid arthritis. Arthritis
Res 2002; 4(Suppl 3): S265-S272.

Boyer GS, Templin DW, Lanier AP. Rheumatic diseases in Alaskan Indians of the south-
east coast: high prevalence of rheumatoid arthritis and systemic lupus erythematosus.
J Rheumatol 1991; 18: 1477-1484.

Ferucci ED, Schumacher MC, Lanier AP, Murtaugh MA, Edwards S, Helzer LJ et al.
Arthritis prevalence and associations in American Indian and Alaska Native people.
Arthritis Rheum 2008; 59: 1128-1136.

Peschken CA, Esdaile JM. Rheumatic diseases in North America’s indigenous peo-
ples. Semin Arthritis Rheum 1999; 28: 368-391.

Holoshitz J. The rheumatoid arthritis HLA-DRB1 shared epitope. Curr Opin Rheumatol
2010; 22: 293-298.

Williams RC, Jacobsson LT, Knowler WC, del PA, Kostyu D, McAuley JE et al. Meta-
analysis reveals association between most common class Il haplotype in full-heritage
Native Americans and rheumatoid arthritis. Hum Immunol 1995; 42: 90-94.

Oen K, ElI-Gabalawy HS, Canvin JM, Hitchon C, Chalmers IM, Schroeder M et al. HLA
associations of seropositive rheumatoid arthritis in a Cree and Ojibway population. J
Rheumatol 1998; 25: 2319-2323.

El-Gabalawy HS, Robinson DB, Hart D, Elias B, Markland J, Peschken CA et al. Im-
munogenetic risks of anti-cyclical citrullinated peptide antibodies in a North American
Native population with rheumatoid arthritis and their first-degree relatives. J Rheuma-
tol 2009; 36: 1130-1135.

Nelson JL, Boyer G, Templin D, Lanier A, Barrington R, Nisperos B et al. HLA antigens
in Tlingit Indians with rheumatoid arthritis. Tissue Antigens 1992; 40: 57-63.

Templin DW, Boyer GS, Lanier AP, Nelson JL, Barrington RA, Hansen JA et al. Rheu-
matoid arthritis in Tlingit Indians: clinical characterization and HLA associations. J
Rheumatol 1994; 21: 1238-1244.

49




50

Chapter 4

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ferucci ED, Templin DW, Lanier AP. Rheumatoid arthritis in American Indians and Alas-
ka Natives: a review of the literature. Semin Arthritis Rheum 2005; 34: 662-667.

Deighton CM, Walker DJ, Griffiths ID, Roberts DF. The contribution of HLA to rheuma-
toid arthritis. Clin Genet 1989; 36: 178-182.

Li 'Y, Begovich AB. Unraveling the genetics of complex diseases: susceptibility genes
for rheumatoid arthritis and psoriasis. Semin Immunol 2009; 21: 318-327.

Raychaudhuri S, Remmers EF, Lee AT, Hackett R, Guiducci C, Burtt NP et al. Common
variants at CD40 and other loci confer risk of rheumatoid arthritis. Nat Genet 2008; 40:
1216-1223.

Lee HS, Korman BD, Le JM, Kastner DL, Remmers EF, Gregersen PK et al. Genetic
risk factors for rheumatoid arthritis differ in Caucasian and Korean populations. Arthri-
tis Rheum 2009; 60: 364-371.

Mori M, Yamada R, Kobayashi K, Kawaida R, Yamamoto K. Ethnic differences in allele
frequency of autoimmune-disease- associated SNPs. J Hum Genet 2005; 50: 264-
266.

lkari K, Momohara S, Inoue E, Tomatsu T, Hara M, Yamanaka H et al. Haplotype analy-
sis revealed no association between the PTPN22 gene and RA in a Japanese popula-
tion. Rheumatology (Oxford) 2006; 45: 1345-1348.

Barton A, Bowes J, Eyre S, Spreckley K, Hinks A, John S et al. A functional haplotype
of the PADI4 gene associated with rheumatoid arthritis in a Japanese population is
not associated in a United Kingdom population. Arthritis Rheum 2004; 50: 1117-1121.

Burr ML, Naseem H, Hinks A, Eyre S, Gibbons LJ, Bowes J et al. PADI4 genotype
is not associated with rheumatoid arthritis in a large UK Caucasian population. Ann
Rheum Dis 2010; 69: 666-670.

Caponi L, Petit-Teixeira E, Sebbag M, Bongiorni F, Moscato S, Pratesi F et al. A family
based study shows no association between rheumatoid arthritis and the PADI4 gene
in a white French population. Ann Rheum Dis 2005; 64: 587-593.

Barnabe C, Elias B, Bartlett J, Roos L, Peschken C. Arthritis in aboriginal Manitobans:
evidence for a high burden of disease. J Rheumatol 2008; 35: 1145-1150.

loan-Facsinay A, Willemze A, Robinson DB, Peschken CA, Markland J, van der Woude
D et al. Marked differences in fine specificity and isotype usage of the anti-citrullinated
protein antibody in health and disease. Arthritis Rheum 2008; 58: 3000-3008.

Stahl EA, Raychaudhuri S, Remmers EF, Xie G, yre S, Thomson BP et al. Genome-wi-
de association study meta-analysis identifies seven new rheumatoid arthritis risk loci.
Nat Genet 2010; 42: 508-514.

Perdigones N, Vigo AG, Lamas JR, Martinez A, Balsa A, Pascual-Salcedo D et al.
Evidence of epistasis between TNFRSF14 and TNFRSF6B polymorphisms in patients
with rheumatoid arthritis. Arthritis Rheum 2010; 62: 705-710.



Non-HLA genes modulate the risk of RA

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Cheung TC, Oborne LM, Steinberg MW, Macauley MG, Fukuyama S, SanjoHetal. T
cell intrinsic heterodimeric complexes between HVEM and BTLA determine receptivity
to the surrounding microenvironment. J Immunol 2009; 183: 7286-7296.

Kang YM, Kim SY, Kang JH, Han SW, Nam EJ, Kyung HS et al. LIGHT up-regulated on
B lymphocytes and monocytes in rheumatoid arthritis mediates cellular adhesion and
metallo-proteinase production by synoviocytes. Arthritis Rheum 2007; 56: 1106-1117.

Pierer M, Brentano F, Rethage J, Wagner U, Hantzschel H, Gay RE et al. The TNF su-
perfamily member LIGHT contributes to survival and activation of synovial fibroblasts
in rheumatoid arthritis. Rheumatology (Oxford) 2007; 46: 1063-1070.

Steinberg MW, Shui JW, Ware CF, Kronenberg M. Regulating the mucosal immune
system: the contrasting roles of LIGHT, HVEM, and their various partners. Semin Im-
munopathol 2009; 31: 207-221.

Plenge RM, Seielstad M, Padyukov L, Lee AT, Remmers EF, Ding B et al. TRAF1-C5 as
a risk locus for rheumatoid arthritis—a genomewide study. N Engl J Med 2007; 357:
1199-1209.

Cordell HJ. Detecting gene-gene interactions that underlie human diseases. Nat Rev
Genet 2009; 10: 392-404.

Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns E. Cutting edge: the
conversion of arginine to citrulline allows for a high-affinity peptide interaction with the
rheumatoid arthritis-associated HLA-DRB1*0401 MHC class Il molecule. J Immunol
2003; 171: 538-541.

Hill JA, Bell DA, Brintnell W, Yue D, Wehrli B, Jevnikar AM et al. Arthritis induced by
posttranslationally modified (citrullinated) fibrinogen in DR4-IE transgenic mice. J Exp
Med 2008; 205: 967-979.

Oen K, Robinson DB, Nickerson P, Katz SJ, Cheang M, Peschken CA et al. Familial
seropositive rheumatoid arthritis in North American Native families: effects of shared
epitope and cytokine genotypes. J Rheumatol 2005; 32: 983-991.

Kallberg H, Padyukov L, Plenge RM, Ronnelid J, Gregersen PK, van der Helm-van
Mil AH et al. Gene-gene and gene-environment interactions involving HLA-DRB1,
PTPN22, and smoking in two subsets of rheumatoid arthritis. Am J Hum Genet 2007;
80: 867-875.

Cordell HJ. Epistasis: what it means, what it doesn’t mean, and statistical methods to
detect it in humans. Hum Mol Genet 2002; 11: 2463-2468.

51




