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Abstract Rheumatoid arthritis (RA) and type 1 diabetes
(T1D) are two autoimmune disorders that have been reported
to co-occur in the same subjects or in different subjects from
the same family. This suggests the sharing of disease suscep-
tibility loci between RA and T1D. This study was aimed to
find out such susceptibility loci that are common in both T1D
and RA in Pakistani population. A total of 366 Pakistanis
comprising related and unrelated RA cases and controls were
recruited. Blood samples were collected from all patients
followed by DNA isolation. Thirty-one single-nucleotide
polymorphisms (SNPs) previously reported to be associated
with T1D were genotyped in RA cases and controls using
TaqMan SNP genotyping assays. Data was analyzed using
FamCC software. We have identified seven SNP associations
that survivedmultiple testing corrections using false discovery
rate: SKAP2/rs7804356 (p=2.47E-04),GLIS3/rs7020673 (p=
2.86E-04), GSDMB/rs2290400 (p=23.48E-04), BACH2/
rs11755527 (p=9.16E-04), C6orf173/ rs9388489 (p=3.11E-
03), PRKCQ/DKFZp667F0711/ rs947474 (p=4.53E-03), and
DLK1/ rs941576 (p=9.51E-03). Our results support the pres-
ence of overlapping loci between RA and T1D in Pakistani
patients.
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Introduction

As a result of certain genetic and epigenetic variations, im-
mune system undergoes dysregulation, which leads to the loss
of self-tolerance and in turn to autoimmune diseases
(Invernizzi and Gershwin 2009). Autoimmune disorders are
usually multifactorial and thus various genetic and environ-
mental factors contribute to the disease onset and progression
(Boscolo et al. 2008; Lleo et al. 2008). Clusters of different
autoimmune disorders have been reported to occur in same
subjects and/or families (Torfs et al. 1986). Shared suscepti-
bility loci have been reported for a number of autoimmune
disorders (Becker et al. 1998). These observations suggest that
clinically distinct autoimmune disorders might share common
genetic background.

Rheumatoid arthritis (RA) and type 1 diabetes (T1D) are
two autoimmune disorders that have been reported to co-occur
in the same subjects or in different subjects from the same
family (Liao et al. 2009). It has long been established that
major genetic predisposition to both of these diseases is con-
tributed by variants of the class II MHC gene, HLA DRB1
(Agrawal and Desai 2003; Munakata et al. 2005; Somers et al.
2006; Zonana et al. 2002). Recent genome-wide association
and subsequent replication studies in these two diseases have
revealed a large number of non-HLA genetic risk loci that
provide an opportunity to explore the possibility of identifying
overlapping susceptibility loci/genes between the two autoim-
mune diseases (Eyre et al. 2010).

Rheumatoid arthritis is a chronic, systemic autoimmune
inflammatory disorder that primarily manifests as arthritis that
clinically represents as joint pain, stiffness, and swelling.
While about 60 % of the genetic contribution to RA patho-
genesis seems to be mediated by human leukocytes antigen
(HLA) variants, the non-HLA genes also contribute to disease
manifestation (de Vries 2011). RA affects 1 % of the general
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population worldwide (Joshi 2003) and 0.5 % of the general
population in Pakistan (Akhter et al. 2011).

Type 1 diabetes is caused by autoimmune destruction of the
insulin-producing β cells in the pancreatic islets. While it
affects approximately 0.4 % of the European populations,
the incidence of T1D has been reported as 1.02 per 100,000
per year in Pakistan (Shera et al. 2008). The major suscepti-
bility genes, the MHC class II genes, HLA-DQB1, and HLA-
DRB1 on chromosome 6p21, act in combination with many
other non-HLA loci/genes across the genome to influence the
susceptibility to T1D (Nejentsev et al. 2007). Genetic predis-
position as well as environmental factors contribute to its eti-
ology. To date, more than 40 risk loci have been identified for
T1D (Barrett et al. 2009).

The major genetic risk for both RA and T1D is the HLA
class II loci (Smyth et al. 2008; Symmons 2002). HLA-DR3
and DR4 are strongly associated with T1D. In addition, DQ2
(DQB1*0201-DQA1*0501) and DQ8 (DQB1*0302-
DQA1*0301), which are in strong linkage disequilibrium with
DR3 andDR4, respectively, are also found to be associatedwith
T1D in several Caucasian populations (Field 2002). Likewise,
HLA-DRB1 antigen of MHC class II as well as MHC Class III
region has been associated with susceptibility and disease se-
verity of RA (Gregersen et al. 1987; duMontcel et al. 2005). In
addition toHLA genes at 6p21, other genetic loci that have been
reported to be shared between RA and T1D include the tyrosine
kinase 2 gene (TYK2) located at 19p13 and the protein tyrosine
phosphatase, non-receptor type 22 (PTPN22) located at 1p13
(Burn et al. 2011; Parkes et al. 2013). In this study, we inves-
tigated 31 susceptibility loci for T1D in a cohort of Pakistani
RA patients and controls to further explore the genetic link
between these two autoimmune disorders.

Materials and methods

Subjects

A total of 366 subjects, including 239 RA patients and 127
controls, were recruited from different rheumatology depart-
ments in Islamabad and Rawalpindi, Pakistan. Blood samples
and relevant information were collected from recruited sub-
jects. Because of the study protocol, both related and unrelated
subjected were included (Table 1). All 239 RA patients were
diagnosed following the American College of Rheumatology
(ACR) 1987 classification criteria (Arnett et al. 1988). The
mean age-at-onset of disease was 39.1±13.0 years in RA
cases (63 % females). The control group (n=127; 54 % fe-
males) had no history of autoimmune diseases and their mean
age was 41.2±12.0 years (Table 1). The study was approved
by Institutional Review Board (IRB) of Atta-ur-Rahman
School of Applied biosciences (ASAB) National University
of Sciences and Technology (NUST) Pakistan and University

of Pittsburgh (USA). All participants provided written in-
formed consent.

DNA extraction and quantification

DNA was extracted from whole blood using either a phenol
chloroform based method or the Fermantas Whole Blood Ge-
nomic DNA Purification kit. DNA was quantified using
Quant-iT™ PicoGreen® ds-DNA assay kit (Life Technolo-
gies, NY, USA).

SNP selection

Forty genetic loci have been reported to show statistically
significant association with T1D (Barrett et al. 2009). Of these
40 loci, those that have already been reported to be associated
with RA (e.g., CTLA4, PTPN22) were excluded from this
study as well as those single-nucleotide polymorphisms
(SNP) with less significant p values. Following these exclu-
sions, we genotyped a total of 31 T1D-associated SNPs in our
RA study sample (Table 2).

Genotyping

Genotyping was performed using TaqMan SNP genotyping
assays (Life Technologies) following manufacturer’s protocol.
PCR amplification was performed in 384 well plates on dual-
block Gene-Amp ® PCR system 9700 (Life Technologies) and
end-point readings were performed on ABI Prism 7900HT se-
quence detection system instrument (Life Technologies).

Statistical analysis

For the calculation of allele and genotype frequencies in the
unrelated sample, the allele counting method was used. Chi-
squared (Χ2) goodness-of-fit test was used to check deviation
fromHardy-Weinberg equilibrium. PedCheck (O’Connell and
Weeks 1998) program was used to check Mendelian inconsis-
tencies in the pedigree data of family-based samples (http:/
Watson.hgen.pitt.edu).

Association of SNPs with RAwas examined using Family
Case Control (FamCC) software Ver 1.0. FamCC is a software
designed to check the association by combining the family
dataset and case/control dataset together, but can also
analyze each dataset independently. In order to control for
multiple tastings, we applied false discovery rate (FDR) value
of <0.05 as statistically significant.

Results

A total of 366 unrelated and family-based RA and control
subjects were genotyped to analyze the association of 31
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T1D-associated SNPs with RA in order to check common
genetic link between these two diseases. The genotyping call
rate was >98 % for all SNPs. Genotyping error was estimated
by using 10% of the samples as replicates and the discrepancy
rate was found to be 0 % for all SNPs. In the unrelated case/

control sample, all SNPs were found to be in Hardy-Weinberg
equilibrium. Similarly, the family-based samples showed
Mendelian consistency. For the combined analysis of the
family-based and unrelated samples, we used FamCC soft-
ware. Of 31 SNPs analyzed, 11 showed nominal association

Table 1 Sample characteristics
of rheumatoid arthritis patients
and controls

S. no Attributes Cases (n=239) Controls (n=127)

1 Related individuals (n) 69 83

2 Unrelated individuals (n) 170 44

3 Mean age (±SD) 39.1±13.0 41.2±12.0

4 Female (%) 63 54

5 Sero-positive antibody (%) 100 (RF positive) 0

SD standard deviation, RF rheumatoid factor

Table 2 List of 31 T1D-associated SNPs selected for evaluation in our RA study sample with their previously reported p values in T1D studies

Sr. no Chr Position Gene Region Marker Reported p-value MAF References

1 1q32.1 206939904 IL10 Intergenic rs3024505 2.09E-08 0.091 (A) [29]

2 2q24.2 163124051 IFIH1 Exonic rs1990760 2.21E-08 0.367(T) [29]

3 4p15.2 26085511 INTERGENIC rs10517086 4.6E-10 0.219(A) [17, 29]

4 4q27 123132492 IL2 (KIAA1109) Intronic rs4505848 4.70E-13 0.336 (G) [17]

5 6p21 (MHC) 32604372 HLA-DQA1 Intergenic rs9272346 2.42E-134 0.463 (G) [30, 31]

6 6q15 90958231 BACH2 Intronic rs11755527 5.4E-08 0.377 (G) [17,29]

7 6q22.32 126698719 C6orf173 (Intergenic) Intergenic rs9388489 4.2E-13 0.439 (A) [17, 29]

8 7p15.2 26891665 SKAP2 Intronic rs7804356 5.3E-09 0.172(C) [17, 29]

9 7p12.2 50477213 IKZF1 Intergenic rs10272724 1.4E-06 0.216 (C) [31,32]

10 9p24.2 4291747 GLIS3 Intronic rs7020673 5.4E-12 0.401 (C) [17, 31]

11 10p15.1 6472891 PRKCQ Exonic (Arg-Arg) rs11258747 1.2E-07 0.132 (T) [17, 29, 31]

12 10p15.1 6390450 DKFZp667F0711 Intergenic rs947474 3.65E-09 0.200 (G) [31, 33]

13 10q23.31 90023033 RNLS Intergenic rs10509540 1.3E-28 0.236 (C) [17, 29, 31]

14 11p15.5 2182224 INS (INS-IGF2) Intronic rs689 3.8E-31 0.335 (A) [31, 34]

15 12q13.2 56482180 ERBB3 Intronic rs2292239 2.22E-25 0.334 (T) [17,31]

16 12q24.12 111884608 SH2B3 Exonic (Trp-Arg) rs3184504 1.77E-21 0.218 (T) [17, 29]

17 13q32.3 100081766 GPR183 Intergenic rs9585056 1.27E-03 0.247 (C) [29]

18 14q24.1 69263599 ZFP36L1 Intergenic rs1465788 1.8E-12 0.290 (T) [17, 29, 31]

19 14q32.2 101306045 DLK1 (MEG3) Intronic rs941576 9.33E-05 0.413 (G) [29, 31]

20 15q14 79235446 CTSH Intronic rs3825932 7.7E-08 0.370 (C) [17, 31]

21 16p13.13 11179873 CLEC16A Intronic rs12708716 2.2E-16 0.328 (G) [17,31]

22 16p11.2 28539848 IL27 Intergenic rs4788084 2.6E-13 0.310 (T) [17, 29, 31]

23 16q23.1 75247245 CTRB2 Intergenic rs7202877 3.1E-15 0.143 (G) [17, 29, 31]

24 17q12 38066240 GSDMB Intronic rs2290400 5.5E-13 0.447(C) [17, 29, 31]

25 18p11.2 12835976 PTPN2 Intronic rs478582 7.72E-04 0.300 (C) [29, 35]

26 18q22.2 67531642 CD226 Exonic (Ser-Gly) rs763361 1.38E-08 0.492 (C) [17, 31]

27 19p13.2 10475652 TYK2 Exonic (Val-Phe) rs2304256 4.13E-09 0.287 (A) [29, 36]

28 19q13.32 47208481 PRKD2 Intronic rs425105 2.7E-11 0.154 (C) [17, 29, 31]

29 20p13 1610551 SIRPG Intronic rs2281808 1.20E-11 0.257 (T) [17, 29, 31]

30 22q12.2 30581722 LOC729980 Intergenic rs5753037 2.6E-16 0.366 (T) [17, 29, 31]

31 12p13.31 9757568 CD69 Intronic rs4763879 1.9E-11 0.385(A) [17, 31]

MAF minor allele frequency
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with RA in our Pakistani sample and 7 of them remained
significant after controlling for multiple testing using
FDR at <0.05 (Table 3). The most significant associa-
tion was observed with SKAP2/rs7804356 (p=2.47E-04)
followed by GLIS3/rs7020673 (p=2.86E-04), GSDMB/
rs2290400 (p=3.48E-04), BACH2/rs11755527 (p=
9.16E-04), C6orf173/rs9388489 (p=3.11E-03), PRKCQ/
DKFZp667F0711/ rs947474 (p=4.53E-03), and DLK1/
rs941576 (p=9.51E-03).

Discussion

By investigating the T1D-associated loci/genes in a Pakistani
RA study sample, we have found 7 T1D-associated loci/genes

to be also relevant to RA even after controlling for multiple
comparisons.

The most significant association was seen with SKAP2/
rs7804356 on chromosome 7p15.2. Src kinase-associated phos-
phoprotein 2 (SKAP2) is involved in src signaling pathway.
Similar to the previously reported association of the T allele of
rs7804356 with T1D, we also found the association of T allele
with RA (Barrett et al. 2009). This suggests that Tallele acts as a
genetic link between T1D andRA. Further investigations for the
association of rs7804356 can illustrate the role of risk allele T in
key regulatory pathways of autoimmunity.

The second most significant association was observed with
GLIS3/ rs7020673. GLIS family zinc finger 3 is a member of
the GLI-similar zinc finger protein family. This protein func-
tions as both a repressor and activator of transcription and is

Table 3 Combined allele frequencies and p values of tested SNPs in our Pakistani sample composed of related and unrelated RA patients and controls

S. no Genes Chr SNPs A1 A2 A1_F A2_F p value FDR-value

1 SKAP2 7p15.2 rs7804356 T C 0.804729 0.195271 2.47E-04 3.59E-03

2 GLIS3 9p24.2 rs7020673 G C 0.585336 0.414664 2.86E-04 3.59E-03

3 GSDMB 17q12 rs2290400 C T 0.434973 0.565027 3.48E-04 3.59E-03

4 BACH2 6q15 rs11755527 G C 0.404286 0.595714 9.16E-04 7.09E-03

5 C6orf173 6q22.32 rs9388489 A G 0.371429 0.628571 3.11E-03 1.92E-02

6 PRKCQ/DKFZp667F0711 10p15.1 rs947474 A G 0.841268 0.158732 4.53E-03 2.34E-02

7 DLK1 (MEG3) 14q32.2 rs941576 G A 0.27612 0.72388 9.51E-03 4.21E-02

8 Intergenic 4p15.2 rs10517086 G A 0.82917 0.17083 1.60E-02 6.07E-02

9 INS 11p15.5 rs689 T A 0.787017 0.212983 1.77E-02 6.07E-02

10 KIAA1109 4q27 rs4505848 G A 0.286019 0.713981 2.63E-02 8.15E-02

11 TYK2 19p13.2 rs2304256 A C 0.219982 0.780018 5.93E-02 1.67E-01

12 CTSH 15q14 rs3825932 C T 0.653183 0.346817 1.08E-01 2.79E-01

13 HLA-DQA1 6p21 rs9272346 G A 0.569716 0.430284 1.43E-01 3.16E-01

14 ZFP36L1 14q24.1 rs1465788 T C 0.250801 0.749199 1.43E-01 3.16E-01

15 SH2B3 12q24.12 rs3184504 C T 0.855042 0.144958 2.00E-01 4.06E-01

16 SIRPG 20p13 rs2281808 C T 0.841996 0.158004 2.19E-01 4.06E-01

17 GPR183 13q32.3 rs9585056 C T 0.366254 0.633746 2.24E-01 4.06E-01

18 CTRB2 16q23.1 rs7202877 T G 0.962584 0.037416 2.36E-01 4.06E-01

19 RNLS 10q23.31 rs10509540 C T 0.402784 0.597216 2.80E-01 4.56E-01

20 IL10 1q32.1 rs3024505 G A 0.844118 0.155882 3.04E-01 4.71E-01

21 PRKCQ 10p15.1 rs11258747 T G 0.163372 0.836628 3.65E-01 5.38E-01

22 IFIH1 2q24.2 rs1990760 T C 0.550694 0.449306 4.83E-01 6.80E-01

23 LOC729980 22q12.2 rs5753037 C T 0.826922 0.173078 5.51E-01 7.42E-01

24 IL27 16p11.2 rs4788084 T G 0.760063 0.239937 5.84E-01 7.54E-01

25 CD226 18q22.2 rs763361 T C 0.512153 0.487847 6.40E-01 7.61E-01

26 PTPN2 18p11.2 rs478582 T C 0.762553 0.237447 6.42E-01 7.61E-01

27 PRKD2 19q13.32 rs425105 T C 0.855882 0.144118 6.67E-01 7.61E-01

28 ERBB3 12q13.2 rs2292239 T G 0.24566 0.75434 6.88E-01 7.61E-01

29 CLEC16A 16p13.13 rs12708716 G A 0.362072 0.637928 7.39E-01 7.89E-01

30 IKZF1 7p12.2 rs10272724 T C 0.681713 0.318287 8.45E-01 8.73E-01

31 CD69 12p13.31 rs4763879 G A 0.958378 0.041622 9.76E-01 9.76E-01

A1 allele 1, A2 allele 2, A1_F frequency of allele 1, A2_F frequency of allele 2, FDR false discovery rate
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specifically involved in the development of pancreatic beta
cells, thyroid, eye, liver, and kidney (Lichti-Kaiser et al.
2014). The GLIS3 gene region has been identified as a sus-
ceptibility risk locus for both type 1 and type 2 diabetes
(Nogueira et al. 2013).

The third most significant association was observed with
GSDMB/rs2290400 that is located on chromosome 17q12.
Gasdermin B (GSDMB) encodes a member of the
gasdermin-domain containing protein family and it plays a
role as secretory or metabolic product involved in secretory
pathway. GSDMB has previously been shown to be strongly
associated with smoking and asthma as well as T1D (Barrett
et al. 2009; Marinho et al. 2012).

The fourth most significant association was observed with
BACH2/rs11755527 on chromosome 6q15. BTB and CNC
homology 1, basic leucine zipper transcription factor 2
(BACH2), is a transcriptional regulator that acts as repressor
or activator. It plays an important role in coordinating tran-
scription activation and repression by MAFK (Igarashi et al.
2014). Eyre et al. (Eyre et al. 2010) also tested this SNP
(rs11755527) in British Caucasian RA patients but they did
not find significant association in their study. This may be due
to population differences between the two study samples.

The fifth most significant association was observed with
C6orf173/rs9388489 located on chromosome 6q22.32. Chro-
mosome 6 open reading frame 173 (C6orf173) plays a central
role in assembly of kinetochore proteins, mitotic progression,
and chromosome segregation and has been shown to act as a
susceptibility locus for T1D and cardiovascular disease
(Barrett et al. 2009; Ding and Kullo 2011).

Two more genetic loci associated with T1D also exhibited
significant association with RA, PRKCQ/rs947474, andDLK1/
rs941576. Protein kinase C, theta (PRKCQ) gene on chromo-
some 10p15.1, is involved in activation of the transcription
factors NF-kappa B and AP-1, and may link the T cell receptor
(TCR) signaling complex to the activation of the transcription
factors. The delta-like 1 homolog (DLK1) is considered as a
tumor suppressor and is also involved in cell differentiation.

The association of these T1D-associated SNPs with RA in-
dicates that these SNPs not only provide a genetic link between
T1D and RA, but also they probably play a role in common
biochemical pathways for autoimmune disease pathogenesis. In
addition to the potential common genetic background observed
for these two autoimmune diseases in this study, it would be also
important to identify common environmental factors and/or
shared gene-environment interactions that contribute to this pic-
ture of common elements in disease pathogenesis.

Conclusion

We have identified at least 7 T1D loci/genes that are also
associated with RA risk in Pakistani population. Our study

further supports the presence of common biochemical path-
ways for autoimmune disease pathogenesis. Although our
sample size was relatively small, our associations survived
after controlling for FDR. This suggests that these associations
may be genuine. Additional large studies are required to rep-
licate our findings, whichmay help to delineate common path-
ways between different autoimmune diseases.
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