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Abstract ERAP1 single nucleotide polymorphisms (SNP)
are associated with ankylosing spondylitis. Data on
ERAP1SNPs in juvenile idiopathic arthritis (JIA) is scarce.
ERAP1 rs30187 SNP was shown to confer risk in the
enthesitis-related arthritis (ERA) category of JIA. We exam-
ined the prevalence and association of this SNP in Indian
children with ERA. SNPs in ERAP1 (rs30187) were geno-
typed in children with ERA (n = 271), ankylosing spondylitis
(AS) (n = 213) and healthy controls (n = 101), using Taqman
genotyping. Allele frequencies and genotype frequencies were
calculated and compared using the Cochran Armitage test.
Minor allele frequencies were 0.52 in ERA, 0.57 in AS, and
0.57 in healthy controls. Neither ERA nor AS patients showed
significant association with this SNP. Segregating according
to HLAB27 status did not alter the lack of association.
rs30187 SNP in ERAP1 does not confer risk of developing
ERA or AS in the Asian Indian population.
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Introduction

Though HLAB27 is the major genetic risk factor in
spondyloarthropathy, non-MHC genes have also been

identified in genome-wide association studies [1]. These in-
clude Interleukin 23 receptor, endoplasmic reticulum amino-
peptidase 1 (ERAP1; also called aminopeptidase regulator of
TNFR1 shedding 1 or ARTS1), and TNFSF15. ERAP1 is a
Bmolecular ruler,^ and plays a role in trimming antigen pep-
tides to length optimum for loading onto MHC1 molecules.
Therefore, it influences the repertoire of peptides pre-
sented by class I molecules which in turn shape the
immune response [2].

ERAP1 gene has several single nucleotide polymorphisms
(SNPs) and some of them increase susceptibility to AS while
others are protective. A recent meta-analysis has summarized
the data available [3]. Though there are a large number of
studies available in AS, data in juvenile idiopathic arthritis
(JIA) is very limited. The ERAP1 rs30187 polymorphism
was found to be significantly associated with the enthesitis-
related arthritis (ERA) category of JIA, while showing no
association with JIA overall [4].

The association of ERAP1 polymorphisms with
spondyloarthropathy risk has not been elucidated in the
South Asian population and allele frequencies differ substan-
tially between different ethnicities. Further, since ERA is the
most common category of JIA seen in our clinic (38%) and it
shares many features with adult ankylosing spondylitis, we
examined the prevalence and association of the rs30187 poly-
morphism in our cohort of patients.

Patients and methods

The study was conducted at the Sanjay Gandhi Postgraduate
Institute of Medical Sciences, a tertiary referral hospital in
North India. The study was approved by the Institutional
Ethics committee and informed consent was taken from pa-
tients or legal guardians. Patients diagnosed with JIA-ERA
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according to the ILAR criteria [5] were included in the study.
Age of onset and clinical features, including axial and periph-
eral involvement, were obtained from outpatient record files.
To confirm findings in a second cohort, patients with ankylos-
ing spondylitis were enrolled. Control samples were collected
from unrelated healthy blood donors of the same ethnic group.
One milliliter of blood was collected and stored in
EDTA vials at −40c, and DNA was extracted using salt-
ing out method [6]. HLAB27 typing was done using
amplification refractory mutation system PCR as previ-
ously described [7].

ERAP1 genotyping was done using Taqman genotyping as-
say for rs30187 polymorphism to detect C/T transition substitu-
tion according to manufacturer’s instructions (Thermo Fischer
Scientific Inc., Waltham, MA, USA). The SNP was chosen
based on previous reports of association with AS and ERA.

Statistical tests Allelic frequencies (number of copies of a
specific allele divided by total number of alleles in the group)
and carriage rates (number of individuals with at least one
copy of a specific allele divided by the total number of indi-
viduals) were calculated in the patients and control group.
Allele frequencies were compared using the Cochran
Armitage test. Odds ratios with 95% confidence intervals
were calculated to look for significance.

Results

Cohort characteristics

Two hundred and seventy-one children with ERA, and 213
patients with AS were included (Table 1). Median age of 101
healthy controls was 28 years (18–50) and 96 were male.

ERAP1 rs30187 polymorphism

The genotypes were in Hardy Weinberg equilibrium in
healthy controls. Minor allele frequencies were 0.52 in the
ERA group, 0.57 in AS group, and 0.57 in healthy controls,
with no significant difference between the groups (Table 2).

HLAB27 segregated results: Amongst the children with
ERA, 233 were HLAB27 positive. Minor allele frequency
was similar in HLAB27 positive and negative group
(Table 3). There was no association between the polymor-
phism and disease susceptibility in either group.

Discussion

We found that rs30187 polymorphism in ERAP1 did not in-
crease susceptibility for developing ERA or AS in the Asian

Table 1 Clinical characteristics of cohorts of ERA and AS

Parameter ERA AS

No. 271 213

Males (%) 239 (88.1) 188 (88.2)

Age at inclusion in years (median, range) 16 (6–36) 32 (18–65)

Age at onset (years) 12 (4–16) 24 (17–52)

Duration of disease (years) 4 (0.25–24) 8 (1–27)

IBA (%) 125 (45.3) 213 (100)

Peripheral arthritis (%) 271 (100) 130 (61)

Enthesitis (%) 146 (53.9) NR

Uveitis (%) 37 (13.7) 24 (11.2)

Radiographic sacroiliitis (%) 61 (22.5) 178 (83.5)

HLAB27 + (%) 233 (86) 207 (97)

AS ankylosing spondylitis, ERA enthesitis-related arthritis, IBA inflam-
matory backache, NR not recorded

Table 2 Frequencies of ERAP1
genotypes and associations with
ERA and AS

Variable Healthy controls
(n = 101)

ERA (n = 271) AS (n = 213)

No. (%) No. (%) OR (95% CI) P
value

No. (%) OR (95% CI) P
value

Allele frequency

T 116 (57.4) 284 (52.4) 0.81
(0.58–1.13)

0.22 244 (57.3) 0.99
(0.7–1.39)

0.97
C 86 (42.5) 258 (47.6) 182 (42.7)

Carriage rate

T 83 (82.9) 224 (82.6) 0.86
(0.59–1.26)

0.46 188 (88.2) 0.98
(0.67–1.44)

0.92
C 68 (67.3) 211 (77.9) 157 (73.7)

Genotype

TT 33 (32.6) 60 (22.1) 1.03a

(0.56–1.86)
0.91 56 (26.3) 1.63a

(0.84–3.1)
0.14

CT 50 (49.5) 164 (60.5) 132 (62.0)

CC 18 (17.8) 47 (17.4) 25 (11.7)

AS ankylosing spondylitis, ERA enthesitis-related arthritis, OR odds ratio
a Comparing (CT + TT) versus CC
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Indian population. The presence or absence of HLAB27 did
not alter the lack of association in ERA.

The ERAP1 gene encodes a multifunctional aminopepti-
dase with two major functions: one being trimming of pep-
tides along with ERAP2 prior to loading into the class 1 HLA
groove and the second being cleavage and shedding of mem-
brane bound cytokine receptors [2]. ERAP1 generates extra-
cellular soluble TNF-R1 by promoting cleavage of the extra-
cellular domain of membrane bound TNF-R, thus regulating
the pro-inflammatory effects of TNF [8]. Polymorphisms in
ERAP1 may promote inflammation by altering both these
functions. By altering the repertoire of peptides presented by
MHC class I molecules, it may promote the presentation of an
arthritogenic peptide, thus provoking a CD-8 T cell response.
Cleavage of membrane bound inflammatory cytokine recep-
tors and the subsequent downregulation of signaling may also
be hampered by polymorphisms.

In the rs30187 polymorphism in ERAP1, arginine at posi-
tion 528 is changed to lysine. Arg528 is located near the
mouth of the substrate-binding pocket of ERAP1 [9]. Thus,
it is plausible that a polymorphism here can alter binding
affinity of the enzyme, supporting the arthritogenic peptide
theory. In a recent meta-analysis including 11,137 patients
with AS and 22,793 controls, association with rs30187 SNP
and AS susceptibility risk was found in European (OR 1.28)
but not in East Asian (OR 1.09) or Middle Eastern (OR 1.3, )
populations [3]. Minor allele frequencies and associations in
ERA and AS from some studies are summarized in Table 4.

The absence of the association in our population again sup-
ports the above observation that rs30187 SNP is not associat-
ed with susceptibility to AS in all ethnic groups. Further, the
absence of association with both ERA and AS in our study
and the presence of association in the European population
suggest that genetics of ERA and AS are similar to each other.

The MAF was similar in our ERA patients as that previ-
ously described in a British cohort of JIA-ERA [4]. However,
the MAF of 0.57 in our healthy controls was higher than most
European populations studied and similar to those found in the
Turkish study. The high prevalence in the population may
explain the lack of association with disease, and perhaps the
higher prevalence of ERA amongst JIA in the South Asian
ethnic group [18].

The association of ERAP1 and HLAB27 has been well
known, with studies showing ERAP1 polymorphisms influ-
ence AS risk only in HLAB27 positive patients [19]. Apart
from presentation of arthritogenic peptide by HLAB27, a role
in protein misfolding was postulated. However, ERAP1 poly-
morphisms conferring susceptibility to AS were not associated
with increased ER stress [20]. Cell surface HLAB27 free heavy
chains, which bring about increased T cell survival and
prolonged Th17 response, are increasingly being implicated.
The protective allele at rs30187was found to be associated with
reduced HLAB27 free heavy chain expression, which in-
creased on silencing ERAP1 mRNA [21]. Our data, however,
did not show any difference in the risk bestowed by rs30187
SNP between the HLAB27 positive or negative group.

Table 3 Frequencies of ERAP1
SNPs as segregated by HLAB27
status and associations with ERA

Group No. MAF Genotypes P value
(allele frequency)

Genotype analysis

CC CT TT OR (CT + TT vs CC) P value

HLA B27 + 233 0.523 43 136 54 0.26 0.95 (0.52–1.75) 0.89

HLAB27 − 38 0.526 4 28 6 0.56 1.84 (0.5–5.8) 0.29

MAF minor allele frequency, OR odds ratio

Table 4 Frequencies and
association of ERAP1 rs30187
SNP with AS and ERA in studies
in various ethnic groups

Study Ethnicity MAF
cases

MAF
controls

No. of
cases

No. of
controls

Odds
ratio

Significance

AS Maksymowych
[10]

Canadian 0.39 0.35 992 1437 1.25 <0.01

Choi [11] Korean 0.56 0.46 872 403 1.25 <0.01

Zyvagin [12] Russian 0.37 0.33 84 77 1.18 0.55

Pazar [13] Hungarian 0.38 0.32 297 200 1.30 0.051

Szczypriosrka
[14]

Spanish 0.47 0.41 300 300 1.29 0.035

Mahmoudi [15] Iranian 0.52 0.40 387 316 1.56 <0.01

Bettencourt [16] European 0.46 0.37 200 517 1.5 <0.05

Cinar [17] Turkish 0.52 0.53 150 150 1.06 0.74

ERA Hinks [4] European 0.46 0.33 74 5200 1.69 <0.01

AS ankylosing spondylitis, ERA enthesitis-related arthritis, OR odds ratio, MAF minor allele frequency
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Other polymorphisms have been associated with ankylos-
ing spondylitis. These include rs27044, rs26653, rs2287987,
rs17482078, and rs10050860 [3]. There is marked ethnic het-
erogeneity in these associations as well. Studies in East Asians
have been done in the Chinese and South Korean populations
[22–25]. Polymorphisms implicated in Asians include
rs27037, rs27582, rs27434, rs27980, and rs10050860. It
may be useful to study these polymorphisms in the South
Asian population.

The strengths of this study include a large number of JIA
patients belonging to a homogeneous sub-category, and the
first exploration of ERAP1 polymorphisms in the South
Asian population. Weaknesses include small numbers of
healthy controls and HLAB27 negative patients. In conclu-
sion, we demonstrated that the rs30187 polymorphism in
ERAP1 did not confer susceptibility risk in a North Indian
cohort of ERA.
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Institutional Ethics committee and informed consent was taken from pa-
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