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ABSTRACT
Objective To determine the association between
endoplasmic reticulum aminopeptidase (ERAP)1 and ERAP2
single-nucleotide polymorphisms (SNPs) and human
leukocyte antigens (HLA)-B27+ or HLA-B15+ patients with
spondyloarthritis (SpA).
Methods 104 patients with SpA according to
Assessment of Spondyloarthritis International Society
criteria were included in the study. HLA typing was
performed by PCR. The polymorphisms were determined
by real-time PCR on genomic DNA using customised
probes for SNPs rs27044, rs17482078, rs10050860 and
rs30187 in ERAP1, and rs2910686, rs2248374 and
rs2549782 in ERAP2.
Results 70 of the104 patients with SpA were HLA-
B27+ and 34 were HLA-B15+. The distribution of
ERAP1 and ERAP2 SNPs between the HLA-B15+ and
HLA-B27+ patients with SpA did not reveal differences.
Likewise, no differences in the frequencies of ERAP1
SNP haplotypes and alleles HLA-B15 or HLA-B27 were
found. Interestingly, however, the frequencies of three
particular haplotypes formed by ERAP2 SNPs
rs2549782/rs2248374/rs2910686 varied between HLA-
B15+ and HLA-B27+ patients: the ERAP2 SNPs
haplotype TGT was more common in HLA-B15+
patients with SpA (OR 2.943, 95% CI 1.264 to 6.585;
P=0.009), whereas the ERAP2 SNP haplotypes TGC
and CAT were more associated with HLA-B27+
patients with SpA: (OR 4.483, 95% CI 1.524 to 13.187;
p=0.003) and (OR 9.014, 95% CI 1.181 to 68.807;
p=0.009), respectively.
Conclusion An association was found between HLA-B15+
patients with SpA and haplotype TGT of ERAP2 SNPs. On the
other hand, HLA-B27+ patients with SpA were associated
with ERAP2 haplotypes TGC and CAT. These associations
could be related to the clinical presentation of the disease,
specifically with a peripheral or axial predominance,
respectively.

INTRODUCTION
Spondyloarthritis (SpA) are a heterogeneous
group of chronic inflammatory joint diseases,
characterised by axial and peripheral manifes-
tations, as recognised by the implementation
of the new classification criteria proposed by
the group Assessment of Spondyloarthritis
International Society (ASAS). In the axial pre-
sentation, the sacroiliac joints are particularly
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Key messages

What is already known about this subject?
► ERAP1 and ERAP2 polymorphisms have been

associated with SpA: ERAP1 SNPs preferentially
with HLA-B27+ patients and ERAP2 SNPs with HLA-
B27− patients.

What does this study add?
► In this study, conducted on a group of Latin American

patients with SpA, particular ERAP2 but not ERAP1
SNP haplotypes were found to be associated with
either HLA-B27+ or HLA-B15+ patients with SpA.

► The results of previous research have confirmed that
the presence of the HLA-B27 allele is related to the
development of a predominantly axial disease,
whereas the HLA-B15 allele is associated with
a predominantly peripheral disease.

How might this impact on clinical practice?
► The association of ERAP2 SNP haplotypes with HLA-

B27+ or with HLA-B15+ patients with SpA could
condition the pattern of clinical presentation of the
disease, preferentially axial or peripheral disease.

► The results of this study deserve to be validated
further with other studies involving a larger number
of patients with SpA.
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affected, followed by an ascending compromise of the
spine. The peripheral manifestations are characterised
by asymmetric oligoarthritis and enthesitis of the lower
limbs.1–3

The origin of SpA is considered to be multifactorial,
where a genetic susceptibility background coupled
with the presence of certain environmental triggers
stimulates the onset of the disease.4 Similar to other
rheumatic diseases, a polygenic origin has been pro-
posed, where the strongest association is established
with molecules of the major histocompatibility com-
plex (MHC-I), specifically the human leukocyte anti-
gen B27 (HLA-B27).5 While HLA-B27 molecule is
recognised to confer genetic susceptibility to develop
SpA (with positivity in about 25–40% of patients), and
several hypotheses have been proposed to explain its
participation in the development of the disease, none
of them clearly explain the role of this molecule for
the pathogenesis of the disease.5

Advances in genetics and studies in large populations
have additionally established associations of more than 40
genes unrelated to the MHC and the development of
SpA. The most consistent of them are the genes of the
endoplasmic reticulum aminopeptidase (ERAP) type 1
and ERAP2.6 7 These enzymes include a single class of
pleiotropic proteases with localisation in the endoplasmic
reticulum (ER). They play an important role in the pro-
cess of N-terminal fraction of the antigenic peptide that
will occupy the MHC-I molecules for presentation at the
cell surface to CD8+ lymphocytes.8–11

ERAP1 and ERAP2 have unique peptidic specificities.
Evidence indicates that ERAP2 is involved in antigenic
cleavage in ER and forms a repertoire of ligands forMHC-
I molecules that are different from those generated by
ERAP1. This leads to an efficient and coordinated pre-
sentation of a wide variety of peptides when these
enzymes act together.12

The association of ERAP1 polymorphisms with SpA
appeared to be related with the predisposition to develop
the disease in HLA-B27+ individuals and ERAP2 poly-
morphisms in individuals with other non-HLA-B27
alleles. However, Robinson et al found an association of
ERAP2 polymorphisms with ankylosing spondylitis (AS)
in both HLA-B27+ and HLA-B27− patients.13

Currently, our research group is focused on the parti-
cular genetics and phenotypes of the patients with SpA
of Latin America ancestry (in Colombia). Previously, we
analysed the presence of HLA-A, HLA-B and HLA-DR
molecules in 189 Colombian patients with a diagnosis of
SpA plus 100 healthy subjects who were on the list of
transplant donors, and had similar socio-demographic
characteristics as our SpA population. In addition to the
expected increase in the frequency of HLA-B27, we also
found an increased frequency of HLA-B15 in our
patients with SpA.14 Also, we reported a clear association
between HLA-B27 with axial SpA including AS, and
HLA-B15 with peripheral SpA including undifferen-
tiated spondyloarthritis.15

The objective of the present study was to establish the
association of polymorphisms of ERAP1 and ERAP2 genes
in Colombian patients with SpA with HLA-B27+ or HLA-
B15+, and to evaluate how this association could be
related to the clinical presentation of the disease, specifi-
cally with axial or peripheral predominance.

MATERIALS AND METHODS
Patients and clinical assessment
A group of 104 patients with diagnosis of SpA accord-
ing to the European Spondyloarthropathy Study
Group (ESSG) criteria16 and positive for either HLA-
B27 or HLA-B15 were included in the current study of
ERAP SNPs. Patients were collected from an outpati-
ent clinic of SpA of two referral hospitals in Bogotá,
from January 2009 to December 2016. Subsequently,
patients were classified according to the new ASAS
criteria for the classification of the axial and periph-
eral SpA. Demographic and clinical data, including
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI),17 functional capacity (Bath Ankylosing
Spondylitis Functional Index (BASFI)),18 global dis-
ease activity assessed by physicians and by patients
through a visual analogue scale (VAS), and joints
affected were recorded.10 Mander’s index was used to
evaluate involved enthesis inflammations.19 For each
patient, routine laboratory tests were assessed.
In a previous study,14 our patients with SpA and

a control group of 100 healthy subjects on the list of
transplant donors with similar socio-demographic char-
acteristics as our SpA population were compared for the
analysis of the Hardy-Weinberg equilibrium by using the
Arlequin statistical software version 3.5.20 Allele fre-
quency (AF) among the patient population was calcu-
lated using updated versions of the Genepop
Program.21 Likewise, the increase in the frequency of
HLA-B27 or HLA-B15 in the group of patients with SpA,
compared to the aforementioned healthy control popu-
lation, was determined with the Genepop Program as
described.14

Imaging
In all patients, a plain anterior pelvic X-ray andMRI of the
sacroiliac joints with T1 sequence and fat suppression
technique were obtained. The images were evaluated by
a radiologist with musculoskeletal expertise who was
blinded to the clinical information. The X-ray readings
were made following the recommendations for popula-
tion studies according to the Atlas of Standard
Radiographs.22 MRI was evaluated looking for acute
changes in the joints.23

HLA genotyping
Genomic DNA was extracted from peripheral blood leu-
kocytes with a Wizard Genomic DNA Purification Kit
(Promega, Cat. # A1120). After extraction, samples were
adjusted to a DNA concentration of 80±20 μg/μL and
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stored at −80°C until processing of HLA. Typing was
carried out by PCR on the genomic DNA using the HLA
Sequence-Specific Primer HLA-ABDR-SSP tray Kit
(BioRad, Cat. # 826 230), which is focused on determin-
ingHLA-A, B, DRβ1 alleles. PCRproducts were verified by
electrophoresis in a 2% agarose gel, and bands were
visualised by ultraviolet light photo documentation and
further analysed by using the HLA-SSP Typing V 1.2.0.0.
Software (BioRad).

Inflammatory serological biomarkers
A series of inflammatory serological biomarkers could
be measured in a subset of patients as follows: the
levels of tumour necrosis factor α, interleukin (IL)-
1α, IL-6, and IL-17 were measured by a cytometric
bead-array (CBA Flex Set) using a FACSCanto II
Flow Cytometer. ELISA was used to determine the
serum levels of IL-23, macrophage colony-stimulating
factor and metalloproteinase 3. C reactive protein and
lipopolysaccharide-binding protein levels were mea-
sured by chemiluminescence.

ERAP polymorphisms
Identification of single-nucleotide polymorphisms
(SNPs) was performed by the technique of real-time
PCR. TaqMan-labelled primers of ERAP1 (rs27044,
rs30187, rs10050860, rs17482078) and ERAP2
(rs2549782, rs2248374 and rs2910686) SNPs were
designed and synthesised by Roche. The TaqMan geno-
typing method was then applied to analyse all SNPs using
the LightCycler 480 ROCHE equipment, and the results
were analysed by LightCycler 480 software. The charac-
teristics and references of the analysed SNPs of ERAP1
and ERAP2 are shown in table 1.

In a two-step exercise, each SNP was initially tested in
the two groups of HLA-B27+ and HLA-B15+ patients with
SpA and then, based on the principle of non-
independent gene segregation, the potential haplotypes
formed by the ERAP1 and ERAP2 SNPs were analysed in
relation to HLA genes. To determine haplotype frequen-
cies for ERAP SNPs in HLA-B7+ and HLB-B15+ patients,
the Haploview software was used.24

Statistical analysis
Arlequin,20 Genepop and Haploview24 softwares were
used as mentioned earlier. For analysis of data, we used
the statistical package SPSS 19.0 (SPSS, USA). For the
presentation and analysis of categorical variables, fre-
quency distribution, percentages and contingency tables
were used. Comparisons were made by the χ2 test and the
Fisher’s exact test. For numerical values, central tendency
and dispersion measurements were evaluated. Results
were analysed using Student’s t-test and Wilcoxon test.
Two-tailed p values <0.05 were considered statistically
significant. The association between disease and HLA
alleles was determined by OR and 95% CIs.

RESULTS
A total of 70 patients with SpA with HLA-B27 and 34
patients with SpA with HLA-B15 were genotyped for
SNPs of ERAP1 and ERAP2 genes. A male predominance
(male to female ratio of 3.7:1) was documented in HLA-
B27+ group, while in HLA-B15+ patients, the gender ratio
was 0.8:1. The demographic and clinical information is
shown in table 2. Based on the ASAS classification criteria,
97 patients met the criteria for axial SpA, and 94 patients
fulfilled the ASAS criteria for peripheral SpA (see table 2).

Table 1 Polymorphisms of ERAP1 and ERAP2 genes in HLA-B27+ and HLA-B15+ patients with SpA

Gene dbSNP*
Chromosome allele
position

Amino acid change
(nucleotide variants)† Location Function

ERAP1 rs27044 chr5:96783148 Q (CAA)/E (GAA)
Q (CAA)/stop (TAA)

Exon Missense

rs17482078 chr5:96783162 R (CGA)/P (CCA)
R (CGA)/Q (CAA)

Exon Missense

rs10050860 chr5:96786506 D (GAC)/N (AAC) Exon Missense
rs30187 chr5:96788627 K (AAG/R (AGG)

K (AAG)/M (ATG)
Exon Missense

ERAP2 rs2549782 ch5:96895296 K (AAG)/N (AAT)
K (AAG)/N (AAC)

Exon Missense

rs2248374 chr5:96900192 (G)/(A) Intron G allele:
mRNA decay

rs2910686 chr5:96916885 (C)/(T) Intron –

*Links to the online information on each SNP in the dbSNP—the Reference SNP (rs) Report web pages—are within parenthesis as follows:
rs27044 (https://www.ncbi.nlm.nih.gov/snp/rs27044), rs17482078(https://www.ncbi.nlm.nih.gov/snp/rs17482078), rs10050860 (https://www.
ncbi.nlm.nih.gov/snp/rs10050860), rs30187 (https://www.ncbi.nlm.nih.gov/snp/rs30187), rs2549782 (https://www.ncbi.nlm.nih.gov/snp/
rs2549782), rs2248374 (https://www.ncbi.nlm.nih.gov/snp/rs2248374), rs2910686 (https://www.ncbi.nlm.nih.gov/snp/rs2910686).
†Nucleotide variants coloured in red.
dbSNP, Single Nucleotide Polymorphism Database; ERAP, endoplasmic reticulum aminopeptidase; HLA, human leukocyte antigen; SpA,
spondyloarthritis.

Spondyloarthritis

Londono J, et al. RMD Open 2020;6:e001250. doi:10.1136/rmdopen-2020-001250 3

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2020-001250 on 10 S
eptem

ber 2020. D
ow

nloaded from
 

https://www.ncbi.nlm.nih.gov/snp/rs27044
https://www.ncbi.nlm.nih.gov/snp/rs17482078
https://www.ncbi.nlm.nih.gov/snp/rs10050860
https://www.ncbi.nlm.nih.gov/snp/rs10050860
https://www.ncbi.nlm.nih.gov/snp/rs30187
https://www.ncbi.nlm.nih.gov/snp/rs2549782
https://www.ncbi.nlm.nih.gov/snp/rs2549782
https://www.ncbi.nlm.nih.gov/snp/rs2248374
https://www.ncbi.nlm.nih.gov/snp/rs2910686
http://rmdopen.bmj.com/


Notably, 100% of the 70 HLA-B27+ patients with SpA
included in the study exhibited axial manifestations of
the disease and 100% of the 34 HLA-B15+ patients with
SpA had peripheral manifestations.
As previously reported,15 patients with HLA-B27 dis-

played higher sacroiliitis grade II when compared to
HLA-B15+ patients with SpA (74.7% vs 56.3%, p=0.043).
Also, higher enthesitis in the sacroiliac region was found
in 64.4% ofHLA-B27+ patients compared to 36%ofHLA-
B15+ patients (p=0.001). On the other hand, patients
with HLA-B15 had higher number of swollen joints (5.3
±5.1 vs 2.3±1.8; p=0.004), higher count of painful enthe-
sitis (6.0±4.5 vs 4.3±3.3; p=0.014) and painful peripheral
enthesitis (3.4±2.9 vs 2.3±2.2; p=0.050) than HLA-B27+
patients. Moreover, HLA-B15+ patients had higher scores
on BASDAI and BASFI, and overall disease activity
assessed by the physician (VAS physician) when com-
pared to HLA-B27+ patients, while HLA-B27+ patients
had a higher VAS score in dorsal inflammatory pain and
VAS of overall disease activity assessed by the patient.
These aforementioned clinical and radiological differ-

ences previously encountered in SpA between HLA-B27+
and HLA-B15+ patients may correlate with our current
preliminary findings related to serological biomarkers we
managed to obtain in a small subset of patients: for most
biomarkers, a trend to higher levels in the HLA-B27+
subset of patients versus the HLA-B15+ subset was
observed (table 3). Interestingly, and despite the rela-
tively low number of patients analysed, this trend turned
into statistically significant difference in the case of two

biomarkers compromised with immunopathogenesis of
SpA: IL-23 (5.7±4.2 vs 3.7±0.9 pg/mL; p<0.05) and IL-17
(57.1±66.0 vs 28.4±14.3 pg/mL; p<0.05) (figure 1).
The distribution of each SNP of the ERAP1 and ERAP2

genes between the HLA-B15+ and HLA-B27+ patients did

Table 2 Characterisation of demographic and clinical variables in patients with SpA with HLA-B27 and HLA-B15

Variable HLA-B15 (n=34) HLA-B27 (n=70) P value

Age (years) median±SD 35.7±10.0 35.8±13.6 0.97
Age of onset (years) median±SD 28.2±9.4 27.7±10.5 0.81
Duration disease (years) median (IQR) 3.4 (2–12) 3.6 (1–12) 0.86
Gender—M/F (%) 15/19 (44/56) 55/15 (79/21) <0.001
Ratio—M:F 0.8:1 3.7:1

ESSG criteria
AS (n=54) 13 41 0.08
uSpA (n=32) 17 15 0.006
ReA (n=18) 4 14 0.44

ASAS criteria
axSpA

Patients with axSpA (n=97) 27 70 <0.001
Patients with pure axSpA (n=10) 0 10 0.05
Patients with mixed ax/pSpA (n=87) 27 60 0.6

pSpA
Patients with pSpA (n=94) 34 60
Patients with pure pSpA (n=4) 4 0 0.029
Patients with mixed ax/pSpA (n=90) 30 60

AS, ankylosing spondylitis; ASAS, Assessment of Spondyloarthritis International Society; axSpA, axial SpA; ESSG, European Spondyloar-
thropathy Study Group; HLA, human leukocyte antigen; pSpA, peripheral SpA; ReA, reactive spondyloarthritis; SpA, spondyloarthritis; uSpA,
undifferentiated spondyloarthritis.

Table 3 Levels of inflammatory serological biomarkers in
patients with SpA according to the presence of HLA-B27 or
HLA-B15

Biomarkers
HLA-B27
(n=25)

HLA-B15
(n=12) P value

CRP (mg/dL) 16.9±22.1 11.1±15.3
IL-1α (pg/mL) 52.9±34.8 39.8±2.4
IL-6 (pg/mL) 53.0±47.5* 42.5±39.2
IL-17 (pg/mL) 57.1±66.0 28.4±14.3 <0.05
IL-23 (pg/mL) 5.7±4.2 3.7±0.9 <0.05
LBP (µ/mL) 8.6±4.1 9.1±5.5
MMP-3 (ng/mL) 28.5±29.3 16.5±16.8
SSA (pg/mL) 1185±1034.6 1339.4±1107.2
TNF-α (pg/mL) 23.0±15.3 17.3±3.3†
ESR (mm/hour) 21.4±16.3 19.8±13.4

*Two extreme outliers were excluded.
†One extreme outlier value (293 pg/mL) was excluded.
Results are expressed as mean±SD.
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; IL,
interleukin; LBP, lipopolysaccharide-binding protein; M-CSF,
macrophage colony-stimulating factor; MMP-3, metalloproteinase-
3; SAA, serum amyloid A; SpA, spondyloarthritis; TNF-α, tumour
necrosis factor α.
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not reveal any significant difference in AFs (not shown).
However, when we analysed the frequencies of all possible
haplotypes formed by the respective ERAP SNPs and the
alleles HLA-B15 orHLA-B27, important associations were
observed regarding three haplotypes of the ERAP2 SNPs
rs2549782/rs2248374/rs2910686 (table 4). Thus, the
haplotype TGT was found to be more frequent in HLA-
B15+ patients with SpA, and two additional haplotypes
(TGC and CAT) were more frequent in HLA-B27+
patients with SpA. On the other hand, we did not observe
differences in the frequency of haplotypes generated
from the ERAP1 SNPs and alleles HLA-B15 or HLA-B27
(table 4), suggesting that SNPs of ERAP1 are not asso-
ciated with a disease-specific phenotype in our Colom-
bian patients with SpA.

DISCUSSION
Based on the presumed polygenic origin of SpA, we ana-
lysed the differences in the frequencies of the haplotypes
formed by ERAP1 and ERAP2 SNPs in relation to the
presence of HLA-B27 or HLA-B15 alleles in our Colom-
bian patients with SpA. Interestingly, we found differ-
ences in the frequencies of three ERAP2 SNP
haplotypes, one of them associated with positivity for
HLA-B15 and two with HLAB27 positivity.
In 2007, a wide association scan of multiple nonsynon-

ymous SNPs identified association of three different SNPs
of ERAP1 with AS.6 Shortly afterwards, Maksymowych et al

studied 992 Canadian patients with AS and healthy unre-
lated controls, most of them Caucasians of northern Eur-
opean descent: a specific ERAP1 haplotype, rs27044/
rs10050860/rs30187 CCT, was found to be associated
with increased risk of AS (OR 1.81, 95% CI 1.46 to 2.24;
p=0.007×10−5), while a second specific ERAP1 haplotype,
rs30187/rs26618/rs26653 CTG, reduced the disease risk
(OR 0.77, 95% CI 0.67 to 0.88; p=0.009×10−2).25 The
observed ERAP1-AS association was therefore initially lim-
ited to patients with SpA and HLA-B27+, and indeed it
appeared to support the polygenic origin of the disease
and would have important implications.6 26 The involve-
ment of ERAP1 and HLA-B27, two molecules intimately
linked in the processing and antigenic presentation,
could affect the stability of HLA–antigen complex and
modulate the repertoire of antigenic peptides, presented
to the immune system. This interesting association could
not be applied to patients with SpA negative for HLA-B27,
a frequent situation in non-Caucasian populations.
In 2013, the results of the International Genetics of

Ankylosing Spondylitis Consortium (IGAS) study were
published. This study involved 10 619 individuals with
AS and 15 145 controls of European, East Asian and
Latin American ancestry. The researchers found associa-
tion of AS with two SNPs in ERAP2, rs2549782 and
rs2248374, in HLA-B27+ patients. After controlling the
ERAP1 interaction over ERAP2 polymorphism, they
observed association with ERAP2 SNPs in HLA-B27− AS
cases (rs2910686: OR 1.19, p=0.213×10−2).27

IL-6 IL-17 IL-23

0

50

100

TNF-αIL-1α

p
g

/
m

L

p<0.05

p<0.05

HLA-B15

HLA-B27

Figure 1 Levels of serum cytokines in patients with SpA positive for HLA-B27 (n=25) or HLA-B15 (n=12). Results are expressed
as mean±SD. HLA, human leukocyte antigen; IL, interleukin; SpA, spondyloarthritis; TNF-α, tumour necrosis factor α.
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The study of Costantino et al in 2015 ratified the pre-
viously reported association of ERAP1 haplotype
(rs17482078, rs10050860, rs30187) and the susceptibility
of developing AS.28 More recently, Babaie et al studied
220 Iranian patients with AS and unrelated controls, and
confirmed that two ERAP1 SNPs (rs27044 and
rs10050860) are associated with AS also in this
population.29 On the other hand, Su et al did not find
any association between some ERAP1/ERAP2 SNPs and
AS in Chinese patients.30

In line with these later results, we did not find indepen-
dent associations of ERAP1 or ERAP2 SNPs with SpA in
our HLA-B15+ or HLA-B27+ patients (not shown). Inter-
estingly, however, we observed different frequencies of
three distinct haplotypes of the analysed ERAP2 SNPs
(rs2549782, rs2248374, rs2910686) between HLAB15+
and HLAB27+ patients with SpA. The haplotype TGT of
the ERAP2 SNPs was more frequent in HLA-B15+
patients, while two additional haplotypes of the same
ERAP2 SNPs (TGG and CAT) were more frequent in
HLA-B27+ patients with SpA (table 4).
Previously, missense SNPs in ERAP2 (one of them

included in our current study) have been linked with
predisposition to autoimmune diseases. It has been
hypothesised that altered antigen processing by this
enzyme is a causal link to disease aetiology. Evnouchidou
et al reported in 2012 that the nonsynonymous ERAP2
SNP, rs2549782—T/G (the T allele coding for 392 N, and
the G allele codes for 392 K variant of ERAP2; cf. Table 1)
leads to alterations in both the activity and the specificity
of the enzyme. Particularly, the 392 N variant excises
hydrophobic N-terminal residues from epitope precur-
sors up to 165-fold faster compared with the 392 K variant,

while both variants are very similar in excising positively
charged N-terminal amino acids. X-ray crystallographic
analysis suggests that the polymorphism interferes with
the stabilisation of the N-terminus of the peptide through
interactions with key residues participating in the cataly-
tic activity of the enzyme. The change leading to a more
active enzyme variant may allow ERAP2 to supplement
ERAP1 activity for the removal of hydrophobic N-term-
inal residues. On the other hand, it may be noticed that
rs2549782 is in linkage disequilibrium with rs2248374
and that the change from A to G allele is deleterious for
ERAP2mRNA splicing, leading to mRNA decay, and defi-
cient expression of the enzyme.31 Altogether, these data
provide mechanistic insights to the association of ERAP2
polymorphisms with the disease and support the idea that
polymorphic variation in antigen-processing enzymes
constitutes a component of the immune response varia-
bility in humans.32

Variations in the length and chemical composition of
the antigenic peptides and the subsequent binding of
aberrant peptides to the MHC-I molecules may result in
the formation of unstable bonds between HLAmolecules
with the antigenic peptide.33 Ultimately, it would lead to
accumulation of ‘misfolded MHC-I’molecules in the ER,
inducing stress and generating a pro-inflammatory cellu-
lar response called unfolded protein response.34 35 These
alterations might condition the intensity of the immune
response, which in the case of SpA, would be in relation to
the clinical characteristics of the disease, with predomi-
nance of the axial symptoms or with predominance of the
peripheral symptoms.
The possibility of modulating the inflammatory

response because of interaction of ERAP2 SNPs with

Table 4 Frequency of ERAP SNP haplotypes in patients with SpA with HLA-B27 and HLA-B15

Haplotypes

Frequencies

OR (95% CI) P valueHLA-B15 HLA-B27+

Haplotypes formed by ERAP2 SNPs rs2549782, rs2248374 and rs2910686
TGT 0.201 0.078 2.943 (1.264 to 6.585) 0.009
TGC 0.055 0.227 4.483 (1.524 to 13.187) 0.003
CAT 0.020 0.119 9.014 (1.181 to 68.807) 0.009
CAC 0.643 0.499 1.750 (0.968 to 3.162) 0.077
CGC 0.016 0.035 0.465 (0.053 to 4.056) 0.672
CGT 0.031 0.013 2.406 (0.332 to 17.45) 0.584
TAT 0.019 0.013 1.185 (0.106 to 13.29) 1.00
TAC 0.013 0.015 1.185 (0.106 to 13.29) 1.00
Haplotypes formed by ERAP1 SNPs rs27044, rs17482078, rs10050860 and rs30187
GCCT 0.464 0.442 1.117 (0.627 to 1.990) 0.708
CCCC 0.301 0.330 0.895 (0.480 to 1.668) 0.729
GTTT 0.164 0.114 1.533 (0.680 to 3.456) 0.301
GCCC 0.067 0.077 0.774 (0.240 to 2.495) 0.783
CCCT 0.001 0.016 0.785 (0.080 to 7.684) 1.00

ERAP, endoplasmic reticulum aminopeptidase; HLA, human leukocyte antigen; IL, interleukin; SpA, spondyloarthritis; SNP, single nucleotide
polymorphism.
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HLA-B27 and HLA-B15 genes in patients with SpA is
interesting. The polygenic action of ERAP-HLA can
increase or decrease the grade of response and modulate
the clinical presentation of the disease. Our current pre-
liminary data of a significant increase in the levels of IL-23
and IL-17 in patients with SpA with HLA-B27 versus those
with HLA-B15 (figure 1 and table 3) may provide useful
information on the pathogenic relevance of the afore-
mentioned comments.
The results of previous research have confirmed that

the presence of the HLA-B27 allele is related to the devel-
opment of a predominantly axial disease, whereas the
HLA-B15 allele is associated with predominantly periph-
eral disease.14 This situation offers a clinical model that
can help to establish if the genetic susceptibility influ-
ences the SpA phenotype.36–38 The results obtained in
the present investigation seem to support this hypothesis.
Further studies should be carried out to establish the

true interaction of genes involved in the susceptibility of
developing disease and the modulation of the chronic
inflammatory response. The results obtained could
favour the development of selective therapeutic targets
in patients with SpA according to compromised autoim-
mune mechanisms.
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