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Abstract
Objective. Our aim was to investigate whether two ERAP1 gene variants, rs30187 and rs27044, infl uence the 
clinical characteristics of ankylosing spondylitis (AS) (the age of onset and the type of articular manifestations - 
axial or mixed) in Romanian patients.
Methods. We studied 94 AS patients and 139 healthy controls. The method used for genotyping the two non-
synonymous single nucleotide polymorphisms (SNPs) was real-time polymerase chain reaction. Association tests 
were carried out using PLINK 1.07 software. We analyzed separately the subgroups of AS patients with early 
onset (age <30 years) and late onset (age > 30 years), as well as the subgroups of patients with axial manifesta-
tions and mixed manifestations (axial and peripheral).
Results. Signifi cant association between ERAP1 polymorphisms and AS is only present for patients who experi-
enced an early onset (p = 0.04 for rs30187 and p = 0.007 for rs27044) and not for those with late onset (p = 0.32 
for rs30187 and p = 0.29 for rs27044). Polymorphism rs30187 is associated only with the axial form of AS (p = 
0.02), while rs27044 is associated only with the mixed form of the disease (p = 0.02)
Conclusions. Our fi ndings demonstrate a consistent association between the studied ERAP1 gene SNPs and 
certain phenotypic characteristics of AS, suggesting that these gene variants may infl uence the AS onset and the 
presence of axial or mixed manifestations of AS.
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INTRODUCTION
Ankylosing spondylitis (AS) is a chronic arthrop-

athy that primarily affects the spine. The hallmark 
features of the disease are chronic sacroiliitis and 
limited spine mobility. Often disabling, the axial in-
volvement can be accompanied by peripheral asym-
metrical arthritis, enthesitis or extra articular mani-
festations. 

The prevalence of the disease varies greatly in 
different populations from just 0.0065% (1) in Ja-

pan, to the highest values encountered in northern 
Norway (the Sami), 1.8% (2), being closely related 
to HLA-B27 prevalence and geographical distribu-
tion.

The association between HLA-B27 and AS (be-
tween 72% and 95% of AS patients are HLA-B27 
positive) was identifi ed almost 40 years ago (3-6). It 
is estimated that HLA-B27 contribution to the total 
genetic risk of AS is 16-30% (7,8). While more than 
90% of the risk of disease is genetically determined 
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(9), 50% of predisposition to AS is caused by the 
major histocompatibility (MHC) system genes, 
HLA-B27 alleles being the most important, although 
other alleles (HLA-B60), may also bear an infl uence 
on developing AS (10).

AS presents a genetic model similar to an oligo-
genic disease (11) and, being obvious that HLA-B27 
is not the only genetic modifi cation present, search-
ing for genes outside the major histocompatibility 
system has become a priority (12).

ERAP1 is one of the genes found to be associated 
with AS. This discovery was possible with the help 
of three genome wide association studies (GWAS) 
published in 2007, 2010, 2011 (13-15). Several sin-
gle nucleotide polymorphisms (SNPs), including 
rs30187 (Lys528Arg), rs27044 (Gln730Glu), 
rs2287987 (Met349Val), rs10050860 (Asp575Asn) 
and rs17482078 (Arg725Gln), were reported associ-
ated with AS, and then confi rmed in subsequent 
case-control studies conducted in different popula-
tions (16-22).

The most important functions of the ERAP1 mol-
ecule, from the perspective of AS pathophysiology, 
involves cleaving the cell surface receptors of vari-
ous cytokines, like TNF-R1 (23), IL1-RII (24) and 
IL-6Rα (25), and trimming the antigenic peptides 
which will to be loaded onto MHC I molecules (in-
cluding HLA-B27). ERAP1 is involved in the fi nal 
phase of processing the antigenic epitopes which are 
brought to an optimum length of 8-9 amino acids. 
Thus, ERAP1 plays a vital role in generating the an-
tigenic peptides which are presented to CD8 + lym-
phocytes and natural killer (NK) cells by the antigen 
presenting cells (APC) (26-29).

This last role seems to be the one conferring the 
risk of AS, because it was shown that allelic variants 
of ERAP1 gene infl uence the enzimatic activity of 
the molecule, inducing a variation in speed and in-
tensity of the epitopes’ trimming (30). As a conse-
quence, the ability to expose antigenic peptides (self 
or non-self) on the APC surface is altered in indi-
viduals who present both HLA-B27 and ERAP1 al-
lelic variants associated with high risk for AS (31).

The aim of our study was to investigate whether 
two ERAP1 gene polymorphisms, rs30187 (Ly-
s528Arg) and rs27044 (Gln730Glu), infl uence the 
clinical characteristics of AS (the age of onset and 
the type of articular manifestations – axial or mixed) 
in Romanian patients. 

PATIENTS AND METHODS
Case-control groups

We included in the study 94 AS patients and 139 
healthy controls. Detailed characteristics of the en-
rolled patients and controls are presented in Table 1.

TABLE 1. Characteristics of the AS patients and controls 
included in the study

Characteristi cs
AS Pati ents 

(n = 94)
Controls 
(n = 139)

Mean age (in years) 37 37.8
Median age (in years) 35 35.5
Sex rati o of male:female 79 : 15 71 : 68
HLA-B27 positi ve 86.1% 10.9%
Axial/Mixed/Peripheral AS 61.7%/37.3%/1% –
Anti  TNF treatment 26.6% –

The patients, diagnosed with AS according to the 
1984 modifi ed New York criteria (32), were unre-
lated individuals consecutively recruited through the 
Departments of Rheumatology and Internal Medi-
cine of „Dr. I. Cantacuzino“ Hospital and „Sfânta 
Maria“ Hospital, Bucharest.

The mean age at the AS onset was 27.28 years. In 
two thirds of the patients the onset of AS was before 
30 years of age, and only in 11% of the patients the 
disease was fi rstly diagnosed after the age of 40, 
confi rming AS as a disease that targets young adults. 
(Fig. 1).

FIGURE 1. The age distribution of the AS onset

Subjects included in the control group were unre-
lated Caucasian subjects from Romania provided by 
the National Institute of Blood Transfusion „Prof. 
Dr. C.T. Nicolau“, Bucharest. They are healthy po-
tential organ donors without symptoms or history of 
infl ammatory rheumatic diseases. 

All subjects signed an informed consent form 
that explained the purpose of the blood sample col-
lection. The study was approved by the local ethics 
committees.
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Genotyping of the ERAP1 polymorphisms

The two ERAP1 polymorphisms chosen for this 
study are rs30187 (Lys528Arg) and rs27044 (Gln-
730Glu). Both SNPs are located in the coding se-
quence of the gene. Both are non-synonymous (mis-
sense) mutations, which means they change the 
amino acid coded by the codon which contains them.

The characteristics of the genotyped SNPs are 
provided in Table 2.

TABLE 2. ERAP1 single nucleotide polymorphisms 
genotyped in this study

SNP
Messenger 

RNA 
positi on

Codon change
(sense and 
anti sense 

strand)

Amino 
acid 

positi on

Residue 
change

rs30187 1930
AAG – AGG
(TTC – TCC) 

528
K(Lys) – R 

(Arg)

rs27044 2535
CAA – GAA
(GTT – CTT)

730
Q(Gln) – E 

(Glu)
SNP – Single Nucleoti de Polymorphism; RNA – Ribonucleic Acid.
The genotyping was performed by Real-Time PCR with TaqMan Allelic 
Discriminati on Assays (C_3056885_10 and C_3056870_10) following 
the protocol off ered by the manufacturer (Applied Biosystems, Foster 
City, MA, USA) (htt ps://tools.lifetechnologies.com/content/sfs/manu-
als/TaqManSNPGenotypingAssas man.pdf) 

Statistical analysis

The deviation from Hardy-Weinberg equilibrium 
(HWE) was tested for both SNPs in the control group 
(33).

Alleles and genotypes frequencies for each SNP 
were compared between controls and the subsets of 
patients depending on the characteristic we wanted 

to investigate (age of onset, axial or mixed manifes-
tations of the disease).

Association tests were assessed using Fisher‘s 
Exact test with PLINK 1.07 software (34) and p val-
ues ≤ 0.05 were considered statistically signifi cant.

RESULTS
The group of healthy controls showed no devia-

tion from HWE for both investigated SNPs. Allelic 
frequencies in the control group for both SNPs were 
within the limits reported for European descendants 
by HapMap (http://hapmap.ncbi.nlm.nih.gov).

We previously reported the association of these 
SNPs belonging to ERAP1 gene with spondyloar-
thritis (SpA) in HLA-B27 positive Romanians (35). 
For AS patients the association was also present 
when the polymorphisms were analyzed against a 
random control group (not exclusively HLA-B27 
positives). 

The focus of this study is the relation between the 
ERAP1 polymorphisms and two clinical characteris-
tics of AS: age of onset and the axial or mixed (axial 
and peripheral) manifestations of the disease.

The analysis of the subgroup of patients who ex-
perienced an early onset AS (the second and third 
decade of life) and accounted for 67% of the pa-
tients, and the subgroup of patients with the onset of 
AS after 30 years of age, showed that signifi cant as-
sociation between ERAP1 polymorphisms and AS is 
only present for those who had an early onset.

TABLE 3. Minor allele frequencies and genotypes frequencies for rs30187 and rs27044 in the 
subgroup of patients with early AS onset (< 30 years)

SNP
Controls
(n=139)

Early onset AS
(<30 years)

(n=55)
Stati sti cs

rs30187

Minor allele T
Number (frequency) Number (frequency) OR 1.584

95% CI 1.006-2.495
p = 0.04

89 (32%) 47 (43%)

Genotype TT+CT 15 + 59 (53%) 6 + 35 (74.5%) OR 2.572
95% CI 1.287-5.140

p = 0.006
Genotype CC 65 (47%) 14 (25.5%)

rs27044

Minor allele G
Number

(frequency)
Number (frequency) OR 1.911

95% CI 1.184-3.083
p = 0.00764 (23%) 40 (36%)

Genotype GG+CG 7+50 (41%) 5+30 (63.6%) OR 2.518
95% CI 1.321-4.799

p = 0.004
Genotype CC 82 (59%) 20 (36.6%)

AS – ankylosing spondyliti s; SNP – single-nucleoti de polymorphisms; CI – 95% confi dence interval; OR – odds rati o, 
p values < 0.05 are indicated in bold. 
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For the subgroup of patients with AS onset in the 
second and third decade of life minor allele frequen-
cies, frequencies of genotypes and statistical inter-
pretation are presented in Table 3. A statistically sig-
nifi cant association (p <0.05) with SA is observed 
for each of the two single nucleotide polymorphisms, 
although more important for rs27044 (p = 0.007) 
than for rs30187 (p = 0.04), both for minor allele 
frequencies and for the minor allele carriers (TT and 
CT genotypes).

For the subgroup of AS patients with late onset 
(age > 30 years), the frequency of the minor alleles 
and genotypes of both SNPs were similar to controls 
(p>0.05). However, given the small number of pa-
tients in this subgroup, further studies are necessary. 

Analyzing separately the subgroup of patients 
with axial AS and the subgroup of patients with axial 
and peripheral (mixed) manifestations, a particular 
association of the studied SNP with each form of AS 
was found.

Thus, in the subgroup of patients with axial AS, 
the minor allele frequency of rs30187 is 45%, higher 
than in the control group (32%), statistical analysis 
showing a positive association with the axial form of 
the disease (p = 0.02). At the same time carriers of 
minor allele (T), CT and TT genotypes, have a higher 
risk of developing axial AS (p = 0.001). Conversely, 
for the other studied polymorphism (rs27044), the mi-
nor allele frequency, although higher in axial AS pa-
tients compared with controls, does not associate with 
this form of disease (p = 0.15), nor the carriers of mi-
nor allele (genotypes CG and GG) show a higher risk 
of developing axial AS (p = 0.052). (Table 4).

For the subgroup of patients with mixed SA (axi-
al and peripheral manifestations), the results are dia-
metrically opposed. The minor allele frequency of 
rs27044 is 36%, higher than in the control group 
(23%), the statistically signifi cant association with 
this form of disease being confi rmed by the p value 
(p = 0.02). Also, minor allele carriers have a higher 
risk for developing axial and peripheral manifesta-
tions (p = 0.04). (Table 5).

In this subset of patients, rs30187 polymorphism 
is not associated with the disease (p = 0.36 for minor 
allele frequency and p = 0.28 for the frequency of 
genotypes). (Table 5).

DISCUSSIONS AND CONCLUSIONS 
Our results showed for the fi rst time the associa-

tion between the studied ERAP1 gene variants and 
early AS onset (<30 years). In addition, the statisti-
cal analysis showed that rs30187 is associated only 
with the axial form of AS, while rs27044 is associ-
ated only with the mixed form of the disease.

The two SNPs were initially found to be signifi -
cantly associated with AS by the Wellcome Trust 
Case Control Consortium and Australo-Anglo-
American Spondylitis Consortium study published 
in 2007 (13) and then rs30187 was reconfi rmed by 
another GWAS from 2011 (15). Since then this as-
sociation was consistently corroborated by many 
European, North American and Asian studies (16-
22), including the one previously reported by our 
group (35).

TABLE 4. Minor allele frequencies and genotypes frequencies for rs30187 and rs27044 in 
the subgroup of patients with axial AS

SNP
Controls
(n=139)

AS axial form 
(n=55)

Stati sti cs

rs30187

Minor allele T
Number (frequency) Number (frequency) OR 1.706

95% CI 1.08-2.68
p = 0.0289 (32%) 49 (45%)

Genotype TT+CT Genotype 
CC

15+59 (53%) 6+37 (78%) OR 3.184
95% CI 1.53-6.47

p = 0.00165 (47%) 12 (22%)
rs27044

Minor allele G
Number (frequency) Number (frequency) OR 1.43

95% CI 0.87-2.34
p = 0.1564 (23%) 33 (30%)

Genotype GG+CG 
Genotype CC

7+50 (41%) 2+29 (56%) OR 1.85
95% CI 0.98-3.49

p = 0.052
82 (59%) 24 (44%)

AS – ankylosing spondyliti s; SNP – single-nucleoti de polymorphisms; CI – 95% confi dence interval; OR – odds rati o, 
p values < 0.05 are indicated in bold.
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The current scientifi c consensus is that the asso-
ciation of ERAP1 gene variants with AS is valid 
only for HLA-B27 positive individuals, but not for 
HLA-B27 negative ones (36,37), which proves the 
consistent role of both genetic associations in AS.

It was found that the enzymatic activity of ERAP1 
allelic variants is variable, and this translates into a 
variable processing of the epitopes trimmed by 
ERAP1 molecule. The minor allele T of rs30187 de-
termines a 40% lower proteolytic activity compared 
with the common allele (15). It was also found that 
the processing speed varies also with the substrate 
concentration (30). For example, the minor allele G 
of rs27044 (Gln730Glu) has a higher processing 
speed in low substrate concentration compared to 
the ancestral allele, but when the substrate concen-
tration was high, the processing speed falls (30). 

At fi rst glance the intimate mechanism by which 
the two gene variants affect the enzymatic activity of 
ERAP1 is not very obvious, because the two studied 
polymorphisms are not close to the catalytic site of 
the ERAP1 molecule. However, they may affect the 
enzymatic activity of ERAP1 as follows:

– rs30187 polymorphism determines an amino 
acid change, arginine is replacing lysine, in position 
528 located on the domain III (hinge type), which 
may infl uence the conformational changes that occur 
during the switch from the open form (enzymatically 
inactive) to the closed form (enzymatically active) 
of the ERAP1 molecule (38,39). 

– rs27044 polymorphism replaces glutamic acid 
with glutamine in position 730 which is located on 
the internal face of the cavity area, part of domain 

IV, which accommodates the carboxyl-terminus end 
of the peptide antigen (39), and thus, possibly affect-
ing the substrate specifi city of ERAP1.

By directly infl uencing the type and quantity of 
antigenic peptides loaded onto HLA-B27 molecule 
(40) and exposed on the cell surface to be presented 
to CD8 + T cells and natural killer, these variants 
gene dictate the type of the cellular immune response 
in individuals with this genetic profi le (presence of 
high risk ERAP1 gene variants and HLA-B27), 
which ultimately leads to the initiation of pathophys-
iological processes that cause ankylosing spondyli-
tis. This pathophysiological hypothesis seems to ex-
plain best the association of ERAP1 gene 
polymorphisms studied in HLA-B27 positive AS 
patients.

The discovery of new genetic associations with 
genes outside the major histocompatibility complex 
made possible the important progress in understand-
ing the disease pathophysiology in the last 5-10 
years.

Our fi ndings demonstrate a consistent association 
between the studied ERAP1 gene SNPs and certain 
phenotypic characteristics of AS, suggesting that 
these gene variants may infl uence the AS onset and 
the presence of axial or mixed manifestations of AS.

In the future, genetic testing for ERAP1 allelic 
variants associated with high risk of early onset AS 
could be introduced in the investigative panel neces-
sary for AS diagnosis, similar to HLA-B27. This 
may help the correct diagnosis of the disease in se-
lected cases of AS, especially at the onset, when the 
clinical and radiologic picture of the disease is in-

TABLE 5. Minor allele frequencies and genotypes frequencies for rs30187 and 
rs27044 in the subgroup of patients with axial peripheral manifestations

SNP
Controls
(n=139)

AS mixed form
(n=33)

Stati sti cs

rs30187
Minor allele T Number (frequency) Number (frequency) OR 1.295

95% CI 0.74-2.26
p = 0.3689 (32%) 25 (38%)

Genotype TT+CT 
Genotype CC

15 + 59 (53%) 4 + 17 (64%) OR 1.537
95% CI 0.70-3.36

p = 0.28
65 (47%) 12 (36%)

rs27044
Minor allele G Number (frequency) Number (frequency) OR 1.91

95% CI 1.07-3.39
p = 0.0264 (23%) 24 (36%)

Genotype GG+CG 
Genotype CC

7 + 50 (41%) 4+16 (61%) OR 2.21
95% CI 1.01-4.80

p = 0.04
82 (59%) 13 (39%)

AS – ankylosing spondyliti s; SNP – single-nucleoti de polymorphisms; CI – 95% confi dence interval; 
OR – odds rati o, p values < 0.05 are indicated in bold.
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completely developed and the diagnosis can be dif-
fi cult. 

If subsequent studies will confi rm our fi ndings 
which suggest that rs30187 polymorphism is associ-
ated with axial form while rs27044 with mixed form 
of AS, these two gene variants can attain a predictive 
value for axial or mixed form of AS the patient may 
develop.

New lines of research could also investigate 
whether the presence of these gene variants in an in-

dividual can infl uence the response to the biological 
treatment; identifying a genetic profi le, that ensures 
a positive response to a type of treatment that is cost-
ly and not without side effects, is one of the goals of 
personalized therapy in modern medicine.
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