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Abstract
Objective. Our aim was to investigate whether two ERAP2 single nucleotide polymorphisms (rs2910686 and
rs2248374) influence spondyloarthritis (SpA) susceptibility in Romanians.
Methods. The case control study included 139 controls and 192 SpA patients. The two polymorphisms were
genotyped by real time polymerase chain reaction (RT-PCR). The association tests for allele, genotype and haplotype frequencies for each polymorphism were performed with PLINK 1.9.
Results. The genotypes and allele frequencies of the two SNPs in general SpA group vs. controls showed no
association except for a possible marginal one for the minor allele A of rs2248374 (p = 0.08). In HLA-B27 negative SpA cohort the minor allele (A) frequency (55.4%) of SNP rs2248374 was significantly higher than the one
in HLA-B27 controls (44.5%) (p = 0.012). HLA-B27 negative carriers of minor allele A present a higher risk of
developing SpA (p = 0.015). Also for the second ERAP2 gene variant investigated (rs2910686) the minor allele
T frequency was significantly higher (46.5%) in HLA-B27 negative SPA patients when compared with HLA-B27
negative controls (36%) (p = 0.02). The haplotype of the minor alleles (AC) is a risk factor for HLA-B27 negative
SpA (p = 0.019), while the haplotype of the major alleles (GT) is a protective one against the disease in HLA-B27
negative cohorts (p = 0.009).
Conclusions. Both ERAP2 gene polymorphisms investigated, especially rs2248374, influence SpA susceptibility,
but this influence is limited only to the HLA-B27 negative individuals.
Keywords: ERAP2 gene, seronegative spondyloarthropathies (SpA), human leukocyte antigen (HLA)-B27,
single nucleotide polymorphisms (SNPs).

INTRODUCTION
Seronegative spondyloarthropathies or spondyloarthritides are related inflammatory rheumatic diseases with a complex etiopathogeny which in recent
years has started to be elucidated, as increasingly
more and more genetic association studies have
identified new possible candidate genes responsible
for influencing disease susceptibility. SpA comprise
a central core consisting of ankylosing spondylitis
(AS) and psoriatic arthritis (PsA), to which reactive
arthritis, arthritis associated with inflammatory bow-

el disease and undifferentiated spondyloarthritis
(USpA) are added (1). Juvenile SpA sometimes joins
this group, because it is considered that SpA is only
an extension of a childhood-onset disease into the
adult life (2). Acute anterior uveitis is also classified
by some authors among SpA, mainly because about
40% of patients with uveitis present in fact undiagnosed spondyloarthritis (3,4).
The most emblematic genetic attribute of SpA is
the association with HLA-B27 (5,6). On average
80% of the axial SpA are HLA-B27 positive (90%
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for SA (7), 70% for axial PsA). The percentage decreases to 25% in peripheral forms of PsA (8,9).
Moreover, the variable distribution of HLA-B27 in
different populations influences directly the prevalence and incidence of SpA in those populations (7).
In Europe one of the highest recorded prevalence
(1.9%) was in Germany (10), but high values were
encountered also in the Azores (1.6%) (11) and Italy
(1.06%) (12). Lower values (prevalence of around
0.3%) were reported in France (13) and Sweden
(0.45%) (14). In the United States the estimated
prevalence ranges between 0.7% and 1% (15,16).
With the exception of China, where the prevalence
values approach the ones reported in Europe (1719), the SpA prevalence in Asian countries is generally lower (e.g. Japan = 0.0095%) (20).
More and more recent genetic association studies
have begun to identify non-major histocompatibility
complex (MHC) genes that influence the risk of
SpA. Single nucleotide polymorphisms (SNPs) belonging to ERAP1 and IL-23R genes were reported
to be associated with AS and SpA by several genome
wide association studies (GWAS) (21-23). It is currently considered that besides HLA-B27 the ERAP1
gene contributes the most to the AS development,
with an attributable risk of 26% (24). But ERAP1
gene’s association with AS and SpA is strictly restricted to HLA-B27 positive individuals (23,25),
suggesting the essential cooperation between the
molecules encoded by these genes (ERAP1 – the enzyme responsible for processing antigenic peptides
and HLA-B27 – the antigen presenting molecule) in
AS etiopathogeny.
Although less studied, it seems that ERAP2 gene,
which encodes a different aminopeptidase having a
similar but at the same time complementary function
as ERAP1 in the endoplasmic reticulum, is associated with AS. In 2010 Tsui et al. identified a haplotype
combination of three polymorphisms (rs27044 [G]
rs30187 [T] rs2549782 [T]), the first two belonging
to ERAP1 gene and the last one to ERAP2 gene, as
being associated with familial AS (26). A very recent
study reported the association of ERAP2 gene with
ankylosing spondylitis in HLA-B27 positive and
negative patients (27).
ERAP2 belongs to the M1 metallopeptidase family which exerts its proteolytic function via two amino acid motifs (H-E-x-x-H (x) 18-E and G-A-ME-N) in cooperation with the Zinc atom found in
their structure (28). ERAP2 has 960 amino acids
which are organized in a tertiary structure having
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many similarities to that of ERAP1 (29). The ERAP2
molecule is encoded by the ERAP2 gene located on
the long arm of chromosome 5 in position 15, in
close proximity to ERAP1 gene from which it is considered to be recently duplicated (30).
ERAP2 molecule, similarly to ERAP1 molecule,
is involved in antigenic processing in the endoplasmic reticulum, from where the processed peptides
are transferred onto the MHC I molecules (e.g.
HLA-B27) and then exposed on the surface of antigen-presenting cells. Therefore, the aminopeptidase
activity of both molecules directly affect the antigenic profile, which activate the CD8+ T lymphocytes and natural killer cells (31-33). Saveanu et al.
have identified the existence of an ERAP1/ERAP2
heterodimer which provides partial proteolysis highly effective to the peptide sequences derived from
proteosome (34).
Although ERAP1 can process efficiently long
chain peptides (12 to 16 amino acids), which are
shortened to the optimum length of 8-9 amino acids,
it may have difficulties when it comes to peptides
smaller than eight amino acids not capable of interacting with the regulatory site, and therefore it cannot activate the catalytic site of ERAP1 (35). It
seems that ERAP2 compensates for this limitation
and it can be activated by smaller peptides of 7-8
amino acids (36). Recently, Mpakali et al. have hypothesized that ERAP2 operates as an accessory
aminopeptidase for ERAP1, processing the peptides
inaccessible to ERAP1, but also proteolyzing completely certain potential epitopes (36).
The scientific literature regarding the ERAP2
gene association with AS is not as extended as the
one regarding ERAP1 association with AS. Moreover, to date, there are no studies (indexed in PubMed
database) investigating the association of ERAP2
gene polymorphisms with SpA.
The objective of this study was to investigate
two ERAP2 single nucleotide polymorphisms
(rs2910686 and rs2248374) in relation to disease
susceptibility in Romanian patients with SpA.

MATERIALS AND METHODS
Patients and controls
The case-control study included 139 healthy controls and 192 patients with seronegative spondyloarthritis (80 AS patients, 99 PsA patients and 13 USpA
patients).
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The consecutively recruited patients were diagnosed in the Departments of Rheumatology and Internal Medicine of Dr. I. Cantacuzino Hospital and
Sf. Maria Hospital in Bucharest. The selection criteria for those patients enrolled after 2009/2011 were
based on ASAS classification criteria for axial and
peripheral SpA (37-39), while the ESSG criteria
were used for the previously recruited patients (40).
The 80 AS patients fulfilled also the 1984 modified
New York criteria (41), and for PsA patients the inclusion criteria relied on the most recent criteria for
psoriatic arthritis (CASPAR, 2006) (42). The diagnosis of undifferentiated spondyloarthritis was sustained when the patients fulfilled the ASAS/ESSG
criteria for SpA without meeting the 1984 modified
New York criteria, CASPAR criteria or the criteria
for inflammatory bowel disease and reactive arthritis. The cohort of healthy controls included subjects
of Romanian ethnicity without symptoms or signs of
arthritis and without a history of rheumatic disease.
Subjects were selected from potential bone marrow
donors registered by the Prof. Dr. C.T. Nicolau National Institute of Blood Transfusion, Bucharest. In
the control group the median age was 35.5 years and
the ratio of male: female was 71:68, while in the SpA
cohort the median age was 46.8 years and male: female ratio was 116:76 (Table 1).
TABLE 1. Cohorts included in the study: main characteristics
Characteristics
Male/female ratio
Median age
Mean age
HLA-B27
positive : negative ratio

SpA patients
116 : 76
46.8
47

Healthy controls
71 : 68
35.5
37.8

91 : 101

13 : 118

HLA-B27+, human leukocyte antigen B27 positive; SpA, spondyloarthritides.

Patients and controls included in the study agreed
to participate and signed an informed consent for genetic testing, which explained the quasi-absence of
the risk involved (the risk of phlebotomy itself) and
the potential future benefits related to the more precise genetic characterization of SpA, the study receiving the approval of the local ethics committees.
The genomic DNA extraction was performed using commercial genomic DNA kits: Blood me Isolation Kit, Metabion, Germany and QIAamp DNA
Blood Mini Kit, Qiagen, Germany according to the
manufacturer’s protocols.

HLA-B27 genotyping
For HLA-B27 genotyping two commercial kits
[HLA-B27-SSP low-resolution kit (Olerup, Sweden) and AllSet + Gold SSP B27 Low-Resolution
Kit (Invitrogen, Life Technologies, Thermo Fisher
Scientific, USA)] were used. All the 192 patients
were successfully genotyped, while 8 controls could
not be genotyped for HLA-B27, thus, the genotyping rate of the whole group of subjects (139 controls
+ 192 patients = 331) was 97.6%.
ERAP2 gene polymorphisms genotyping
The two ERAP2 gene polymorphisms (rs2248374
and rs2910686) were genotyped by RT-PCR. Commercial kits TaqMan® Allelic Discrimination Assays (C__25649529_10 and C__26382310_10) were
used for genotyping, according to the protocol provided by the manufacturer (Thermo Fisher Scientific
Inc., Applied Biosystems ™, Foster City, MA, USA)
with minor modifications (Fig. 1).
TABLE 2. The nucleotide genotyped ERAP2 polymorphisms
SNPs

Chromosome Nucleotide
Gene sequence
position*
change
A/G
Non-coding: Intron
rs2248374 96900192
rs2910686 96916885
C/T
Non-coding: Intron
*Genome Reference Consortium Human genome build 38; SNPs, single
nucleotide polymorphisms.

The two polymorphisms selected for this study are
located within introns, non-coding regions of the
ERAP2 gene, which do not change the structure of the
polypeptide molecule (Table 2). However, the impact
of at least one of the polymorphisms, more specifically rs2248374 (A/G), dramatically changes the splicing process following ERAP2 transcription (43).
The splicing process is the editing process of the
messenger RNA, produced immediately after transcription (pre-mRNA), which consists in the removal of introns and is needed to form the mature mRNA.
Rs2248374 polymorphism is located in the vicinity
of the exon 10, within the canonical splicing site 5’,
and directly affects pre-mRNA editing. Thus, AA
genotype of rs2248374 causes the formation of a
mature mRNA molecule encoding the classical
ERAP2 with 960 amino acids, while the GG genotype forms a special mRNA, identified by Tanioka et
al. (44), containing two TAG stop codons in the exon
extension 10 and, therefore, it should encode a truncated protein of 534 amino acids. However, the in-
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FIGURE 1. Genotyping the two polymorphisms, rs2248374 (left) and rs2910686 (right), with TaqMan® Allelic Discrimination Assays (C__25649529_10 and C__26382310_10) in AS patients. Red – AA and CC homozygotes; Green – AG and
CT heterozygotes; Blue – GG and TT homozygotes; Black – NTC (no template control).

complete ERAP2 protein has not been detected. The
GG genotype does not produce detectable levels of
ERAP2 protein, while the AA and AG genotypes
produce normal length ERAP2 (higher amount for
AA genotype and lower amount for AG genotype)
(43). The explanation for this apparent paradox is

the degradation process of aberrant mRNA, called
nonsense-mediated decay (NMD) (45). Therefore,
the GG genotype carriers of rs2248374 do not express the ERAP2 protein and, furthermore, they associate a reduced expression of MHC I molecules on
B lymphocytes (43).
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STATISTICAL ANALYSIS
Hardy-Weinberg equilibrium (HWE) was assessed using Pearson’s chi-squared test and the Fisher’s exact test, based on the SNP-HWE algorithm
proposed by the Wigginton et al. (46).
PLINK 1.9 software package (47) was used for
statistical calculation of the two tests used to assess
HWE. Allele and genotype frequencies were compared for each polymorphisms patients. The statistical associations were evaluated using Fisher’s exact
test. Statistical calculations were performed using
PLINK v 1.9 (47), p values ≤0.05 were considered
statistically significant.
The haplotype estimation (possible alleles combinations of the two studied SNP) was performed
with the software program PLINK 1.9 which uses a
method based on the confidence interval implemented by Gabriel et al. (48), and the association tests
between haplotype frequencies in patients and in
control were performed using Pearson’s chi test, using the same software PLINK 1.9 (47).
The estimation of Linkage Disequilibrium (LD)
by calculating the r2 coefficient, which shows the degree of correlation between the two pairs of loci, was
also performed using the program PLINK 1.9. LD
reflects the correlation of neighbouring alleles derived from a single ancestral chromosome (49).

RESULTS
Both the general group of healthy controls and
HLA-B27 negative controls showed no departure
from Hardy-Weinberg equilibrium for both SNPs.
HWE was also observed for SpA patients (general

cohort and HLA-B27 negative group) for both
rs2248374 and rs2910686 polymorphisms.
We compared the allelic frequencies in healthy
controls of both SNPs with the ones reported by
HapMap project (http://hapmap.ncbi.nlm.nih.gov)
and 1000 Genomes project http://www.1000genomes.org/data) for Europeans or European descendants. Although the minor allele frequency (A)
for rs2248374 was lower in our study (45.7%) than
the one reported by 1000 Genomes (48%), no statistical significance was observed. For the second polymorphism (rs2910686) the minor allele frequency
C in the control group was 37.4%, lower than the
one reported by 1000 Genome (42.6%) and HapMap
project (48.9%) (p <0.05).
There are about 17 kb (16693 base pairs) between
the two polymorphisms (rs2248374 and rs2910686)
located on chromosome 5q.15. LD estimation in
healthy controls showed a moderate-high tendency
of correlation between the two alleles located on adjacent loci (r2 = 0.67).
In the first analysis we compared the alleles and
genotypes frequencies between SpA patients and general controls (Table 3). Although minor allele frequency A of rs2248374 was higher in SpA patients
(51.5%) than in controls (45.7%), this difference did
not reach statistical significance (p = 0.13). Similarly,
the five percent difference observed between minor
allele C frequency of the second polymorphism
(rs2910686) in controls (37.4%) and SpA patients
(42.9%), did not reach the statistical threshold (p =
0.15).
Carriers of the minor allele A (AA and AG genotypes) for rs2248374 polymorphism were more fre-

TABLE 3. Minor allele and genotypes frequencies of rs2248374 and rs2910686 in
SpA patients and healthy controls
SNP
rs2248374
Minor allele A
Genotype AA+AG
Genotype GG
rs2910686
Minor allele C
Genotype CC+CT
Genotype TT

Controls
n=139
Number (frequency)

SpA
n=192
Number (frequency)

127 (45.7%)

198 (51.5%)

31+65 (69%)

49+100 (77.6%)

43 (31%)
n=139
Number (frequency)

43 (22.4%)
n=191
Number (frequency)

104 (37.4%)

164 (42.9%)

17+70 (62.6%)

37+90 (66.5%)

52 (37.4%)

64 (33.5%)

Statistics
OR 1.266
C.I.=[0.929-1.725]
p=0.13534
OR 1.552
C.I.=[0.947-2.545]
p=0.08038
OR 1.259
C.I.=[0.917-1.727]
p=0.15379
OR 1.186
C.I.=[0.751-1.872]
p=0.46350

SpA, spondyloarthritides; SNP, single-nucleotide polymorphism; CI, 95% confidence interval; OR, odds ratio;
p values ≤ 0.05 are considered significant.
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TABLE 4. The minor allele and genotypes frequencies of both studied ERAP2 polymorphisms in HLA-B27 negative SPA and healthy controls
SNP
rs2248374
Minor allele A
Genotype AA+AG

Genotype GG
rs2910686
Minor allele C
Genotype CC+CT
Genotype TT
Genotype TT+CT
Genotype CC

HLA-B27 negative controls HLA-B27negative SpA
n=118
n=101
Number (frequency)
Number (frequency)
105 (44.5%)

112 (55.4%)

25+55 (67.8%)

31+52 (82.2%)

38 (32.2%)

18 (17.8%)

n=118

n=100

Number (frequency)

Number (frequency)

85 (36%)

93 (46.5%)

13+59 (61%)

22+49 (71%)

46 (39%)

29 (29%)

46+59 (89%)

29+49 (78%)

13 (11%)

22 (22%)

Statistics
OR 1.616
C.I.=[1.107-2.360]
p=0.01270
OR 2,190
C.I.=[1.156-4.151]
p=0.01502
OR 0.382
C.I.=[0.177-0.825]
p=0.01328
OR 1.544
C.I.=[1.051-2.268]
p=0.02648
OR 1.564
C.I.=[0.886-2.762]
p=0.12208
OR 0.439
C.I.=[0.208-0.925]
p=0.02773

SNP, single-nucleotide polymorphisms; HLA, human leukocyte antigen; SpA, spondyloarthritides; CI, 95% confidence interval; OR, odds ratio; p values ≤ 0.05 are considered significant.

quent in the general group of SpA patients (77.6%)
than in controls (69%), but the influence of disease
susceptibility is uncertain. Although the p-value is
higher than the statistical threshold, this value (p =
0.08) can be considered a marginal association.
Larger groups of patients and controls may be needed to clarify the impact of this ERAP2 gene variation
in general SpA.
When we compared the alleles and genotypes
frequencies of the investigated ERAP2 polymorphisms in the HLA-B27 positive SpA group and
general controls the values observed showed a similar profile in both cohorts. The minor allele A of
rs2248374 was similarly expressed in patients and
controls (p = 0.92), as well as the minor allele C of
the second SNP (rs2910686) (p = 0.72). The genotypes of both polymorphisms had a similar distribution in both groups. Minor allele A carriers
(rs2248374) and minor allele C carriers (rs2910686)
did not constitute a risk factor for SpA (p = 0.57, respectively p = 0.87).
As we have seen, comparing the genotypes and allele frequencies of the two SNPs in general SpA group
and HLA-B27 positive SpA vs. controls showed no association except for a possible marginal one for the minor allele A of rs2248374 (p = 0.08). Completely different results were found when the analysis focused on
HLA-B27 negative individuals alone (Table 4).
Strong associations were obtained for rs2248374.
Minor allele frequency A was overexpressed (55.4%)

in HLA-B27 negative SpA group compared to
HLA-B27 negative controls (44.5%) certifying the
association of this ERAP2 gene variant with SpA in
HLA-B27 negative individuals (p = 0.012).
HLA-B27 negative carriers of the minor allele A
(AA and AG genotypes) also showed an increased
risk of developing seronegative spondyloarthritis
(p = 0.015). Furthermore, the GG genotype had a
protective effect against the disease compared with
the AA genotype (p = 0.013). In homozygous GG
individuals for rs2248374 polymorphism the protein
levels of ERAP2 are absent due to the nonsense-mediated decay of abnormal mRNA (30).
Also for the second ERAP2 polymorphism
(rs2910686), the minor allele frequency C was significantly higher (p = 0.02) in HLA-B27 negative
SpA subgroup (46.5%) compared to HLA-B27 negative controls (36%). Although the frequency of the
minor allele genotypes (CC and CT) is elevated in
patients (71%) compared with controls (61%), it
does not reach the statistical threshold (p = 0.12). On
the other hand, carriers of the major allele T (genotypes TT + CT) are underexpressed in HLA-B27
negative SpA patients compared with HLA-B27
negative controls (p = 0.026), suggesting a protective effect of the wild type allele.
The analysis of reconstructed haplotypes of the
two genotyped ERAP2 polymorphisms (rs2248374|
rs2910686) showed somewhat expected results depending on cohorts involved. Thus, similar distribu-

ROMANIAN JOURNAL OF RHEUMATOLOGY – VOLUME XXV, NO. 2, 2016

84

tion of the reconstructed haplotypes frequencies was
observed in general groups of patients and controls
(Table 5).
TABLE 5. The rs2248374|rs2910686 reconstructed
haplotype frequencies in general controls and SpA
cohorts
Haplotype Controls (n=139) SpA (n=192) Chi2
AC
0.3673
0.4278
2.435
AT
0.0872
0.0892
0.007
GT
0.5455
0.4829
2.498

p
0.118
0.930
0.114

SpA, spondyloarthritides; p values ≤ 0.05 are considered significant.

Although minor alleles haplotype AC had a higher frequency in SpA patients (42.78%) than in
healthy controls (36.73%), it was not a risk factor for
SpA (p = 0.118). Once we selected the HLA-B27
negative individuals in the two cohorts, the results
showed a significant association of the reconstructed
rs2248374|rs2910686 haplotypes with SpA.
TABLE 6. Frequencies of the reconstructed haplotypes
rs2248374|rs2910686 in HLA-B27 negative patients and
matching controls
HLA-B27
HLA-B27
Haplotype negative controls
negative
Chi2
P
(n=118)
SpA (n=100)
AC
0.3519
0.4623
5.436 0.019
AT

0.0901

0.1055

0.290 0.590

GT

0.5579

0.4322

6.792 0.009

SpA, spondyloarthritides; HLA, human leukocyte antigen;
p values ≤ 0.05 are considered significant.

The minor alleles AC haplotype of the two investigated SNPs was a risk factor for SpA in HLA-B27
negative individuals (p = 0.019) (Table 6). Moreover, the major alleles GT haplotype is overexpressed
in HLA-B27 negative controls (55.79%) compared
with HLA-B27 negative SpA (43.22%), and therefore, it is a protective factor against SpA in HLA-B27
negative individuals (p = 0.009).

DISCUSSIONS AND CONCLUSIONS
This is the first study investigating ERAP2 gene
polymorphisms in a group of patients with seronegative spondyloarthritis in Romania. Moreover, although ERAP2 polymorphisms were investigated in
patients with AS (27), Crohn’s disease (50) or anterior acute uveitis (54) we have not find any PubMed
indexed international studies analysing the ERAP2
gene’s relationship with SpA in general. Our findings show the association of the two investigated
SNPs, especially rs2248374, with SpA, but this as-

sociation is restricted to HLA-B27 negative individuals. Furthermore, the reconstructed haplotypes
rs2248374|rs2910686 analysis revealed minor allele
AC haplotype as a risk factor for SpA, while major
allele GT haplotype is protective against disease in
HLA-B27 negative individuals.
A variety of genetic studies have described ERAP2
gene variants as being associated with pathological
conditions considered to be in close proximity to SpA,
such as: Birdshot chorioretinopathy (a rare autoimmune uveitis) (51) and psoriasis (52), or belonging to
the SpA group: inflammatory bowel diseases in general (53), Crohn’s disease in particular (50) and acute
anterior uveitis (54). ERAP2 gene polymorphisms
have been extensively studied in preeclampsia.
ERAP2 contribution to this congenital pathology of
the pregnancy has been confirmed in different populations: Australian and Norwegian (55), African American (56) and Chilean (57). A singular study associated
ERAP2 polymorphisms with lung cancer susceptibility in Yunnan Han Chinese population (58).
Initially, the interest in ERAP2 gene in the AS
susceptibility was only secondary to ERAP1 gene,
whose firm association with AS became evident almost ten years ago (21). Subsequently, this association was shown to be restricted to the HLA-B27 positive individuals (59). Somewhat recently, this
HLA-B27 restricted association of ERAP1 with AS,
but also with SpA, has been confirmed by our group
in Romanians as well (25).
In one of the first studies which investigated
ERAP2 in relation with AS, Tsui et al. identified in
2010 a haplotype consisting of two ERAP1 polymorphisms and one ERAP2 polymorphism (rs27044 [G]
rs30187 [T] rs2549782 [T]) as being associated with
a familial AS (26). The non-synonymous ERAP2
polymorphism rs2549782 is responsible for a change
in the amino acid sequence (N392K) of the ERAP2
peptide and it alters both the intensity and specificity
of the ERAP2 enzymatic activity (60). It is in almost
complete LD with rs2248374 polymorphism, studied by us, responsible for the dramatic alteration of
the splicing and the absence of the ERAP2 enzyme
the endoplasmic reticulum, and therefore hardly
ever translated in vivo (27).
Given the decisive effect on gene expression, in
2011 Harvey D. et al. genotyped rs2248374 in 470
AS patients (84% HLA-B27 positive) and 420
healthy controls and they did not report any significant differences between the two cohorts when allele
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and genotypes frequencies where compared, concluding that this ERAP2 polymorphism is not associated with AS (61). These results are similar to ours
for HLA-B27 positive subgroup of SpA patients,
consisting mainly of AS patients.
Recently, an International Genetics Consortium of
AS (IGAS) study, involving large cohorts (more than
ten thousand AS patients and more than fifteen thousand healthy controls) and using the Illumina Immunochip microarray, has identified ERAP2 gene among
the non-MHC genes associated with AS (62). Three
ERAP2 polymorphisms were associated with AS, association which was restricted to HLA B-27 negative
individuals: rs2549782 (influences the enzymatic activity of the molecule), rs2248374 (the protective GG
genotype determines undetectable ERAP2 protein
levels) and rs2910686. The last two polymorphisms
were genotyped in this study. Unfortunately our cohorts’ size has made impossible an analysis of the
SNPs in HLA-B27 negative AS patients alone. However, our findings in HLA-B27 negative SpA vs.
matching controls are consistent with those reported
by IGAS. Indeed, in our study the association of
rs2248374 and rs2910686 polymorphisms with SpA
is restricted to HLA-B27 negative individuals.
In 2015 Robinson et al. analysed subgroups of
HLA-B27 positive AS-associated ERAP1 haplotypes (tagged by rs30187 and rs10050860) and either HLA-B27 positive or unselected controls of European origin from the IGAS study and they
identified the association of ERAP2 polymorphism
rs2248374 with AS in HLA-B27 positive individuals
(27). If the association of ERAP2 with AS patients,
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regardless of the HLA-B27 status, is confirmed,
then, the number of patients who can benefit from
aminopeptidase inhibitors blocking ERAP1/ERAP2
activity, currently in research (63), will significantly
increase (27).
For the understanding of AS pathogeny, the identification of ERAP1 gene’s association with AS has
probably been the most important milestone since
the HLA-B27 discovery in the 70’s and its special
relation with AS. However, ERAP1 continued to explain AS etiopathogeny in HLA-B27 positive patients due to the HLA-B27 positive restriction mentioned before, while too few explanations have been
offered to HLA-B27 negative patients.
The discovery of ERAP2 gene among the nonMHC genes contributing to the risk of developing
AS and SpA in HLA-B27 negative individuals constitutes a significant event, clarifying the etiopathogenic mechanisms for this particular subset of patients. Some ERAP2 gene variants decisively influence
the enzymatic activity and therefore, they affect the
antigen processing and presentation (60) on MHC
class I molecules, other than HLA-B27. Recognizing the functional consequences, sometimes dramatic, of various ERAP2 polymorphisms is essential for
understanding disease susceptibility in HLA-B27
negative patients, but also for developing therapeutic solutions aimed to help this subgroup of patients.
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