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ABSTRACT.

Objective. Genetic studies have identified several rheumatoid arthritis (RA) susceptibility loci in
European-derived populations. The same biological pathways may be involved in determining the
RA risk in different population groups. We sought to replicate the association of 33 single-nucleotide
polymorphisms (SNP) from 31 RA susceptibility loci confirmed among Europeans in a unique
Pakistani population.

Methods. We genotyped 33 SNP in a sample of 366 Pakistanis that comprised related and unrelated
cases and controls. Genotyping was performed using TagMan assays and the results were analyzed
with family case-control software.

Results. Twelve of the 33 SNP were replicated in this sample with significant p values ranging from
7.05E-06 to 3.72E-02, the most significant being the KIF5SA-PIP4K2C/rs1678542 SNP.
Conclusion. Our observations suggest that a number of RA susceptibility loci and related pathways
are shared across different populations. (J Rheumatol First Release Feb 1 2013; doi:10.3899/

jrheum.121050)
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RELATED-UNRELATED ASSOCIATION STUDY

Rheumatoid arthritis (RA) is a chronic, systemic, inflam-
matory autoimmune disease affecting about 0.5%—1% of
European-derived populations and 0.2%-0.3% of Asian
populations'2. RA is characterized by inflammation of the
synovial fluid, which leads to severe pain and bone
destruction. The etiology of RA is complex and is suggested
to be the outcome of various environmental, genetic, and
hormonal factors®#. RA has a strong genetic basis with
estimated heritability ranging from 50% to 60%>"7.

Since 2000, many studies have been conducted toward
understanding genetic susceptibility to RA. Genome-wide
association studies (GWAS) and their metaanalyses have
confirmed more than 30 risk loci for RA, including
HLA-DRBI1, PTPN22, CD40, STAT4, OLIG3, TNFAIP3,
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SUSCEPTIBILITY
AUTOIMMUNE DISEASE

TNFRSF14, CTLA4, CCL2, PADI4, CD2, CD58, FCGR2A,
PTPRC, REL, SPRED2, AFF3, CD28, IL2, IL21, C50rf30,
IRF5, CCL21, TRAF6, CCR6, CD40, and TRAF1/C589:10.
ILIZI3,1415,16,17.18  Many initial genome-wide significant
associations have been replicated in subsequent studies,
with few exceptions!®, the latter probably due to the
complex etiology of RA.

We hypothesized that genetic background for RA suscep-
tibility is shared, at least in part, across different popula-
tions. To examine this hypothesis, we genotyped 33 SNP
from 31 RA loci confirmed in a recent European GWAS
metaanalysis'®, within a unique Pakistani population that
previously had not been examined with respect to genetic
risk for RA.

MATERIALS AND METHODS
Subjects. Two groups of subjects, a case-control sample of unrelated
individuals (n = 214) and a family-based sample (n = 152), were included
in our study. Blood samples and relevant information were collected from
subjects recruited from different rheumatology centers located in 2 adjacent
cities in Pakistan: the Military and Fauji Foundation Hospitals in
Rawalpindi and the Kahota Research Laboratories Hospital in Islamabad.
A total of 239 patients with RA satisfying the American College of
Rheumatology (ACR) 1987 criteria’® were enrolled. The mean age at onset
of disease was 39.1 + 13.0 years in RA cases (63% females). The control
group (n = 127; 54% females) had no history of autoimmune diseases and
their mean age was 41.2 + 12.0 years. The main characteristics of RA cases
and controls are given in Table 1. All subjects were recruited after
providing informed consent. The study was approved by the National
University of Science and Technology Review Board in Pakistan and the
University of Pittsburgh Institutional Review Board in the USA.

Clinical diagnosis of patients was made through standard methods of
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Table 1. Sample characteristics of patients with rheumatoid arthritis and
controls.

Characteristics Cases, Controls,
n =239 n=127
Related individuals, n 69 83
Unrelated individuals, n 170 44
Mean age, yrs (+ SD) 39.1+£13.0 412+120
Female, % 63 54
Rheumatoid factor seropositive, % 100 0

physical examination and review of medical screening test results. All
participants were interviewed and a screening questionnaire for each was
filled under the supervision of a certified rheumatologist. Subjects having
multiple affected individuals in their family were classified as having
familial RA. The pedigrees of families with multiple patients with RA were
constructed using a standard method?!.

Genomic DNA was extracted from whole blood using either the
standard phenol/chloroform method or the Qiagen genomic DNA
extraction kit, following the manufacturer’s instructions (Qiagen Inc.).
DNA was quantified using the Quant-iT™ PicoGreen® dsDNA assay kit
(Life Technologies).

Genotyping. A total of 33 single nucleotide polymorphisms (SNP) from 31
confirmed RA risk loci (26 previously known and 7 newly identified) were
selected from a previous GWAS metaanalysis performed in individuals of
European ancestry!®. Detailed information about these SNP is given in
Table 2. All SNP were genotyped using the TagMan SNP genotyping assays
(Applied Biosystems) following the manufacturer’s protocols. TagMan
assay was not available for one of the SNP initially selected (HLA-
DRB1/rs6910071), therefore another significant SNP (rs660895)%2 was
evaluated from this locus for association analysis. PCR amplification was
performed in 384-well plates on dual-block GeneAmp® PCR System 9700
(Applied Biosystems) and plates were read and analyzed on ABI-Prism
7900HT sequence detection systems.

Statistical analysis. Alleles and genotype frequencies were calculated
through allele-counting methods, and deviations from Hardy-Weinberg
equilibrium (HWE) were tested using the chi-square goodness-of-fit test.
The family-based samples were examined for Mendelian inconsistencies
in the pedigree data using the PedChek program?? (Website:
http://watson.hgen.pitt.edu). Associations of all SNP with RA were tested in
the combined set of both unrelated case-control and family-based samples
using the family case-control (FamCC) software Ver 1.024, which is a
unified analysis approach based on principal component for family and
unrelated samples. Specifically, the FamCC consists of 3 sequential steps:
(1) principal components are generated from the genotype data; (2) multiple
linear regression on the top 10 principal components is performed for both
the phenotypes and markers for the unrelated individuals, respectively; and
(3) the residuals of the phenotypes and the markers are calculated based on
the estimated coefficients in the linear mode in the second step, and then
association between the phenotype and genotype is assessed by testing the
correlations between these residuals using the following statistics:

2
= L
Var(T)
where T= YN Ti= >Nf T+ >Ne ’ Nd T, and N, is the number of nuclear
1= 1= 1= J

families; N, and N jare the number of unrelated controls and cases, respec-

. . . S . B
tively. T, the statistic of the ith family, is defined by T; =i ZFI ; gij yij’ ki
is the number of individuals of ith family. For unrelated individuals it is 1.
is defi _ Ny, )2 4 NetNg S'Ne+Ng
The variance of T is defined by Var(T) Nf‘{f Zlé 1( T,-T,) +N;Td—lzf <
(T, - 771)2' T, and T, are the mean of T of unrelated and family datasets,

respectively. A nominal p value < 0.05 was considered statistically
significant.

RESULTS

A total of 33 successfully genotyped SNP corresponding to
31 confirmed RA susceptibility loci in Europeans were
analyzed in a Pakistani sample comprising 366 RA cases
and controls that included 214 unrelated and 152 related
individuals. The genotyping call rate was > 98% for all SNP.
Genotyping error was estimated by repeating 10% of the
samples and the discrepancy rate was found to be 0% for all
but 2 SNP (RBPJ/rs§74040 and SPRED2/rs934734) for
which the error rate was 0.031%. All SNP were found to be
in HWE in the unrelated case-control sample; similarly, no
Mendelian inconsistency was found in the family-based
sample. We combined both unrelated case-control and
family-based data to obtain a more effective population size.
FamCC, a unified method for unrelated case-controls and
family-based samples, was used for the association analysis.
The association results and p values for 33 evaluated SNP
are shown in Table 3. Of the 33 SNP confirmed among
Europeans, we successfully replicated 12 SNP in our
combined sample (p < 0.05) with the same allele and same
direction of association. The most significant SNP was
KIF5A-PIP4K2C/rs1678542 (p = 7.05E-06), followed by
CD2-CD58/rs11586238 (p = 4.56E-05), TNFAIP3/
rs10499194 (p = 2.51E-04), and HLA-DRB1/rs660895 (p =
3.78E-04). Marginal associations with 4 additional SNP (p =
5.70E-02 to 9.61E-02) and possible associations with 7 SNP
(p = 1.06E-01 to 2.91E-01) were also observed showing the
same trend for association as previously reported.

DISCUSSION

Recent GWAS conducted mainly in European and American
populations have identified or confirmed a number of risk
loci for RA. Replication studies of known loci across
various ethnic groups can indicate future directions by the
identification of population-specific RA susceptibility
loci/genes. Stahl, et al'® conducted a metaanalysis of 6
GWAS involving a total of 5539 RA cases and 20,169
controls of European descent, followed by replication in
6768 RA cases and 8806 controls (totaling 41,282 samples).
They not only confirmed the 24 known RA loci (26 SNP)
but also identified 7 new risk loci (genome-wide signifi-
cance in the combined sample), 4 of which were previously
implicated in other autoimmune diseases, while 3 were new
RA and autoimmune risk loci.

To our knowledge, the genetic factors responsible for RA
in Pakistanis have not been examined before. Pakistanis,
along with North Indians, are believed to have considerable
white ancestry?-26-27_ Thus, we hypothesized that most, if
not all, RA loci identified in white or white-derived popula-
tions might also be responsible for RA in Pakistanis. To test
this hypothesis, we genotyped 33 SNP from 31 loci
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Table 2. Thirty-one rheumatoid arthritis (RA) risk loci previously confirmed in individuals of European ancestry
and the TagMan assays used for genotyping in our sample (all single-nucleotide polymorphisms were selected from
Stahl, et al'® except for one* derived from Arya, et al*%).

Alleles
Sample Ref SNP ID Assay ID Assay Locus Gene Position VIC/ Location
Type FAM

1 rs3890745 C_ 26678889 10 Premade 1p36  TNFRSFI4 2553624 T/C Intergenic/ unknown
2 152476601 C_16021387_20 Premade 1pl3  PTPN22 114377568 A/G Intergenic/ unknown
3 rs11586238 C_ 2820555 10  Premade 1pl3  CD2-CDS58 117263138 C/G Intergenic/ unknown
4 rs12746613 C_ 1118952 10 Premade 1923 FCGR24 161467042 C/T Intergenic/ unknown
5 rs10919563 C__31565763_10 Premade 1q31  PTPRC 198700442 A/G Intron

6 rs13031237 C_3219755_10  Premade 2pl6 REL 61136129  G/T Intron

7 1934734 C_ 3227346 10  Premade 2pl4  SPRED2 65595586  A/G Intron

8 rs10865035 C__2099360_10 Premade 2qll  AFF3 100835734 A/G Intergenic/ unknown
9 157574865 C__29882391_10 Premade 2q32  STAT4 191964633  G/T Intron

10 1980422 C__11459546_10 Premade 2q33 CD28 204610396 C/T Intergenic/unknown
11 rs3087243 C__3296043_10 Premade 2933  CTLA4 204738919 A/G Intergenic/unknown
12 rs13315591 C__32002440_10 Premade 3pl4 PXK 58556841  A/C Intron

13 1874040 C_ 8285908 10  Premade 4pl5 RBPJ 26108197  C/G Intergenic/unknown
14 16822844 C_28983601_10 Premade 4q27  IL2-IL2] 123509421 G/T Intergenic/unknown
15 126232 C__ 2388799 20 Premade 5q21  CSorf30 102596720 C/T Intron

16 16859219 C_3215520_10  Premade 5qll  ANKRDSS5-IL6ST 55438580  A/C Intron

17 rs660895* C_26546458-30 Premade 6p21  HLA-DRBI 3277380 A/G Intergenic/unknown
18 rs6910071*%*  NA NA 6p21  HLA-DRBI 32282855  A/G Intron

19 1s548234 C__14436_10 Premade 6q21  PRDMI 106568034 C/T Intergenic/unknown
20 rs10499194 C_ 1575581 _10 Premade 6923  TNFAIP3 138002637 C/T Intergenic/unknown
21 156920220 C_29431952_10 Premade 6923  TNFAIP3 138006504 A/G Intergenic/unknown
22 1s5029937 C_27440189_10 Premade 6q23  TNFAIP3 138195151  G/T Intron

23 1s394581 C_ 2966112 10 Premade 6925 TAGAP 159482521 C/T Intergenic/unknown
24 3093023 C__27496690_10 Premade 6927 CCR6 167534290 A/G Intron

25 rs10488631 C_ 2691242 10 Premade 7q32  IRFS 128594183 C/T Intergenic/unknown
26 152736340 C__1886931_10 Premade 8p23  BLK 11343973 C/T Intergenic/unknown
27 rs2812378 C_16113556_10 Premade 9pl3  CCL2I 34710260 A/G Intergenic/unknown
28 1s3761847 C__2783640_10 Premade 9933  TRAFI-CS 123690239 A/G Intergenic/unknown
29 152104286 C__16095542_10 Premade 10pl5 IL2RA 6099045 C/T Intergenic/unknown
30 rs4750316 C_ 32117918 10 Premade 10pl5 PRKCQ 6393260 C/G Intergenic/unknown
31 rs540386 C__2408956_10  Premade 11pl2 TRAF6 36525293  C/T Intron

32 rs1678542 C__7529251 30  Premade 12ql3 KIF54-PIP4K2C 57968715  C/G Intron

33 rs4810485 C__1260190_10 Premade 20ql13 CD40 44747947  G/T Intron

34 rs3218253 C__27917605_10 Premade 22ql12 IL2RB 37544810  A/G Intron

** No premade assay was available.

confirmed among Europeans in a Pakistani case-control and
family-based sample.

When we analyzed our case-control and family-based
samples separately we found limited associations in each
group (data not shown), which were most likely due to
relatively small sample sizes in each group. Therefore, to
achieve a more effective sample size and increase the power,
we combined the 2 groups (unrelated case-control and
family-based samples) and analyzed the data using the

family case-control (FamCC) method?*. Unlike other statis-
tical approaches, FamCC is a unified method that relies on
principal components generated from genotype data,
utilizing both unrelated case-control and family-based
data simultaneously without any population stratification
to test an alternative hypothesis of association only?+-23,
This method revealed robust replications for 12 of the 33
SNP examined, with p values ranging from 7.05E-06 to
3.72E-02. Because associations in these 12 genes
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Table 3. Replication of RA risk loci, previously confirmed in Europeans, among Pakistanis.
Values in bold type identify significance at p < 0.05.

Ref SNP ID Locus Gene Chromosome MAF P
Position
rs1678542 12q13 KIF54- PIP4K2C 57968715 0.42 7.05E-06
rs11586238 1p13 CD2- CD58 117263138 0.28 4.56E-05
rs10499194 6923 TNFAIP3 138002637 0.21 2.51E-04
rs660895 6p21 HLA-DRBI 32577380 0.08 3.78E-04
rs7574865 2q32 STAT4 191964633 0.31 4.25E-04
rs10488631 7q32 IRFS5 128594183 0.18 3.76E-03
rs13031237 2pl6 REL 61136129 0.10 5.67E-03
rs6859219 5qll ANKRDS55- IL6ST 55438580 0.11 6.34E-03
rs540386 11pl12 TRAF6 36525293 0.14 1.07E-02
rs394581 6925 TAGAP 159482521 0.19 1.53E-02
1s26232 5921 CSorf30 102596720 0.17 2.90E-02
152736340 8p23 BLK 11343973 0.35 3.72E-02
1s6920220 6q23 TNFAIP3 138006504 0.14 5.70E-02
1s548234 6q21 PRDM1 106568034 0.21 6.95E-02
rs2812378 9pl13 CCL21 34710260 0.35 7.35E-02
rs1980422 2q33 CD28 204610396 0.12 9.61E-02
rs4750316 10plS  PRKCQ 6393260 0.17 1.06E-01
rs10865035 2ql1 AFF3 100835734 0.50 1.17E-01
rs874040 4pl5 RBPJ 26108197 0.18 2.19E-01
1s3761847 9933 TRAF1- C5 123690239 0.29 2.53E-01
1s6822844 4q27 IL2-IL2] 123509421 0.10 2.61E-01
152476601 1p13 PTPN22 114377568 0.01 2.75E-01
rs3087243 2q33 CTLA4 204738919 0.47 2.91E-01
1s5029937 6923 TNFAIP3 138195151 0.03 3.31E-01
rs3890745 1p36 TNFRSF14 2553624 0.42 4.12E-01
rs3093023 6q27 CCR6 167534290 0.35 4.48E-01
rs2104286 10p15 IL2RA 6099045 0.13 7.89E-01
rs10919563 1931 PTPRC 198700442 0.21 8.08E-01
rs934734 2pl4 SPRED? 65595586 0.36 8.35E-01
rs12746613 1923 FCGR24 161467042 0.14 8.44E-01
rs4810485 20q13 CD40 44747947 0.20 8.52E-01
rs3218253 22q12  IL2RB 37544810 0.17 9.38E-01
rs13315591 3pl4 PXK 58556841 0.07 9.98E-01

MAF: minor allele frequency.

(KIF5A-PIP4K2C, CD2-CDS58, TNFAIP3, HLA-DRBI,
STAT4, IRF5, REL, ANKRDS55-IL6ST, TRAF6, TAGAP,
C50rf30, BLK) have been reported in multiple studies, it is
acceptable to consider p < 0.05 statistically significant in
followup studies?”. In addition to these 12 SNP, several
others showed the same trend of association, albeit not
significant at the 5% level.

Recently, Prasad, et al*? performed a replication study of

white RA loci in about 2000 North Indian RA cases and
controls, and reported replication of only 7 loci (7 SNP) of
the 32 loci (35 SNP) tested, by using either index or
surrogate SNP. They were able to identify additional associ-
ations with 10 more loci after including additional SNP in
the analysis. A comparison of the replication of the 31 loci
(33 SNP) examined in our study versus Prasad’s study is
given in Table 4. Of the 31 loci examined in our study, 29
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Table 4. Comparison of association results for 31 loci/33 single-nucleotide polymorphisms (SNP)
genotyped in our study with results from the same loci in North Indian subjects®. Values in bold
type identify significance at p <0.05.

Gene SNP p Values, Prasad, et al Study Data>
Current Status and | Surrogate p Additional p
Study p Value SNP SNP
CD28 rs1980422 9.61E-02 NA rs3116496 0.63 rs4675367 0.041
SPRED?2 rs934734 8.35E-01 NA NS
HLA-DRBI rs660895 3.78E-04 2.56E-05 NS
CS5orf30 1s26232 2.90E-02 0.79 NS
TNFRSF14 rs3890745 4.12E-01 0.161 NS
ANKRDSS5-IL6T 16859219 6.34E-03 NA NS rs6877664, 0.016
rs10214316, 0.005
1149140, 0.008
rs32498 0.006
PRKCQ rs4750316 1.06E-01 NA rs10796045 0.09
CCL21 rs2812378 7.35E-02 NA rs13293020 0.01
TAGAP 1394581 | 1.53E-02 NA rs169858 | 0.15 | rs926657, |  0.003
1s9295089, 0.009
rs212402 0.009
IL2RB rs3218253 9.38E-01 NA NS 15228942 0.04
STAT4 rs7574865 4.25E-04 0.33 NS
PRDM1 rs548234 6.95E-02 0.33 NS
PTPRC rs10919563 8.08E-01 NA rs1011338 0.60 rs9803750, 4.3 x10-4
rs2359952 1.6 x10-4
BLK 152736340 3.72E-02 0.12 NS rs4841548, 0.03
rs17806523 0.009
AFF3 rs1086505 1.17E-01 NA NS rs17023158, 0.005
rs6706188, 0.005
rs1437377 0.003
PTPN22 152476601 2.75E-01 0.76 rs1217407 | 3.0 x10-3
IRFS rs10488631 3.76E-03 0.79 NS
CD40 rs4810485 8.52E-01 NA 16074022 0.06 rs6065925 0.005
KIF54- rs1678542 7.05E-06 NA rs11172254 0.47
PIP4K2C
RBPJ rs874040 2.19E-01 NA NS
TNFAIP3 rs5029937 3.31E-01 NA NS
TNFAIP3 rs6920220 5.70E-02 NA rs9321637 0.04 rs5029936 0.03
TNFAIP3 rs10499194 2.51E-04 NA NS rs3757173 0.03
IL2RA rs2104286 7.89E-01 1.9 x10-4 NS rs12722589 | 7.4 x10-5
rs3118470 2.0 x10-3
REL rs13031237 5.67E-03 0.42 NS
PXK rs13315591 9.98E-01 NA NS 1s7622074 0.011
rs6767498 0.005
FCGR24 rs12746613 8.44E-01 NA rs12722986 0.84
TRAFI-C5 rs3761847 2.53E-01 0.95 NS
CCR6 rs3093023 4.48E-01 0.07 NA rs1331301 0.01
rs1556413 0.02
IL2-1L2] 156822844 2.61E-01 NA rs13119723 0.008
CTLA4 rs3087243 2.91E-01 NA rs231804 0.18 rs231726 0.03
rs10197319 0.03
CD2- CD58 rs11586238 4.56E-05 NA rs12405671 0.21
TRAF6 rs540386 1.07E-02 NA rs1046864 0.3

NA: index SNP not included in the North Indian study SNP array; NS: no surrogate SNP included.
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were also tested by Prasad, et a/? that included either the
index or a surrogate SNP or additional SNP in a given gene
region. Based on this comparison, 17 of the 29 regions
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