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A B S T R A C T

The endoplasmic reticulum aminopeptidase protein 1 gene (ERAP1) is related to several human diseases, in-
cluding Behçet syndrome (BS), a multisystemic disorder with unknown etiology. ERAP1 is involved in immune
response and its role can be influenced by gene single nucleotide variations (SNVs).

We genotyped the ERAP1 whole structure in 50 consecutive BS patients and 50 ethnically-matched healthy
controls using both bioinformatics and molecular methodologies.

We identified two novel heterozygous missense SNVs of ERAP1 exon3 responsible for the p.Glu183Val and
p.Phe199Ser changes. The first variation was recognized in 7/50 (14%) BS patients and involved the substrate
binding site (p.Glu183) required for the anchorage of the peptide N-terminal group. The SNV was predicted to be
a damaging variation, as well as the p.Phe199Ser substitution (PolyPhen-2 and SIFT on line software). 3D
protein structure prediction showed a change in energy score when the wild-type and the variant states were
compared, probably influencing the substrate binding and the protein folding. The first variation was associated
to a more stable protein chain, while the second polymorphism was related to a less stable protein chain.

Our data need to be tested in larger genetic studies.

1. Introduction

Behçet syndrome (BS) is a multifactorial disorder with several
clinical manifestations, including recurrent oral and genital ulcers,
ocular inflammation, gastrointestinal ulceration and skin lesions. Both
genetic and environmental factors contribute to BS susceptibility and
clinical phenotype [1–4]. Although the Human Leukocyte Antigen-B51
(HLA-B*51) was described as the major BS susceptibility locus [5], its
role in disease pathogenesis remains elusive and only partially explains
the genetics risk of BS [6,7]. Non-HLA polymorphisms have also been
investigated and their association with BS has been demonstrated for
several genes, with particular focus on the endoplasmic reticulum
aminopeptidase protein 1 gene (ERAP1) [3,4]. ERAP1 is formed by 20
exons and encodes a 941 residues amino-peptidase with a central role
in peptide trimming, a step required for the generation of many HLA

class I-binding peptides. The enzyme processes N-terminally extended
antigenic precursors for optimal loading onto HLA molecules. The
trimming specificities have been related to the presence of several
single nucleotide variations (SNVs), leading to efficient, hypoactive and
hyperactive phenotypes. The different SNVs role in the enzymatic
function is not clear: some variations may interact with the active site,
others polymorphic sites may influence the dynamics of the open-closed
conformational change, others are outside the active site and their
function is very difficult to define [6–12].

The most significant previously found ERAP1 SNVs are: rs17482078
(p.Arg725Gln), rs2287987 (p.Met349Val), rs30187 (p.Lys528Arg),
rs10050860 (p.Asp575Asn), and rs27044 (p.Gln730Glu). The poly-
morphisms genotyping in several populations, in particular in Turkish
[11,13] and Spanish [14] cohorts were consistent with the association
between ERAP1 and BS, as well as with an epistatic interaction between
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ERAP1 and HLA-B [14].

2. Materials and methods

2.1. Patient recruitment

A total of 50 consecutive BS patients (29 males and 21 females) with
a mean age of 45.78 years (range: 26–67 years) were recruited at
Rheumatology Institute of Lucania (IReL), a tertiary BS outpatients
clinic. The patients met the International Study Group (ISG) diagnostic
criteria of BS, consisting in the presence of recurrent oral ulcerations
plus two of the following criteria: recurrent genital ulcerations, eye
lesions, skin lesions, positive results from a pathergy test. Patient de-
mographic and clinical features were reported in Table 1.

A group of 50 Italian healthy controls (HC), 28 males and 22 female
with a mean age of 44.31 years (range: 27–65 years), was selected
among unrelated hospital and university employees and recruited after
ruling out any history of inflammatory and autoimmune rheumatic
diseases. Prior to enrolling in the present study, all subjects provided
their written, informed consent. The Regional Ethics Committee ap-
proved the study (Permit Number: 705/2017).

2.2. Genotyping

Specific primers for the coverage of all ERAP1 gene regions (20
exons, intron-exon boundaries, and 5′ and 3′ UnTranslated Regions)
were designed using the NCBI Primer-Blast tool (Table 2). Genomic

DNA was extracted from whole blood using EuroGOLD Blood DNA Mini
kit (Euroclone®, Italy). DNA purity and concentration were determined
using the NanoDrop™ 1000 spectrophotometer (NanoDrop Technolo-
gies, Inc). PCR amplification was carried out using the Q5 Hot Start
High-Fidelity DNA Polymerase (BioLabs Inc, New England) according
to the manufacturer’s recommendations. The following conditions were
used: 1) initial denaturation: 98 °C/5 min; 2) thermocycling: 98 °C/1
min; 60 °C/1 min; 72 °C/2 min (30 cycles); 3) final extension: 72 °C/5
min. PCR products were analyzed by gel electrophoresis (1.5% agarose
gel). Good-quality PCR amplicons were directly sequenced using the
GATC Biotech Sanger sequencing service and bioinformatically ana-
lysed using Mutation Surveyor software (SoftGenetics, USA) and NCBI-
Blast Nucleotide on line similarity search tool.

2.3. Downstream bioinformatics analysis

The functional impact of the de novo allelic variants were predicted
using on line Polymorphism Phenotyping v2 (PolyPhen-2) software
[15] and Sorting Intolerant from Tolerant (SIFT) algorithm [16]. The
3D protein modelling was obtained using Protean 3D program (La-
serGene software) [17] based on 3QNF Reference sequence (Protein
Data Bank, PDB).

3. Results

We identified two de novo gene variations. The first novel variation
was a heterozygous SNV at 18169 nucleotide position
(NG_027839.1:g.18169A > T; HGVS nomenclature) (Fig. 1a) that was
found in 7/50 (14% of cases) BS patients. This SNV was a missense
variation responsible for the substitution glutamate to valine at 183
amino acid site (NP_057526.3:p.Glu183Val; HGVS nomenclature)
(Fig. 1b). The change was predicted to be damaging with maximum
score when two prediction software were queried (PolyPhen-2 score:
1.00; SIFT score: 0.00).

A second variation was found within the same exon in 3/50 patients
(6%) carrying also the first SNV. The second substitution was a het-
erozygous thymine to cytosine at 18217 nucleotide position
(NG_027839.1:g.18217 T > C; HGVS nomenclature) (Fig. 1a). This site
was characterized by the rs146396644 known variation
(NG_027839.1:g.18217 T > G; NP_057526.3:p.Phe199Cys; HGVS no-
menclature). The novel change led to the amino acid phenylalanine to
serine substitution (NP_057526.3:p.Phe199Ser; HGVS nomenclature)
(Fig. 1b) and showed a predicted pathogenic effect (Poly-Phen2 score:
0.99; SIFT score: 0.00).

Table 1
Demographic features and clinical manifestations of Italian patients with
Behçet’s syndrome included in the study.

Demographics BS patients, n= 50

Age, years 46.10 ± 12.19
Male/Female 29/21

Clinical manifestations
Oral ulcers, n (%) 50 (100%)
Genital ulcers, n (%) 21 (42%)
Skin disease, n (%) 42 (84%)
Ocular involvement, n (%) 30 (60%)
Neurologic involvement, n (%) 18 (36%)
Vascular involvement, n (%) 10 (20%)
Joint involvement, n (%) 29 (58%)
HLA-B51 positivity 34 (68%)

Abbreviations: BS, Behçet’s syndrome; n, number of subjects.

Table 2
Primer pairs designed for the coverage of all ERAP1 regions.

Primers name Primers sequence (Forward – Reverse)

ERAP 1a 5′TCGGTCCCCAACTTGAGC3′ − 5′GGGAAGCCCCTGGCTAA3′
ERAP 1b 5′TCCCTTCCTGGGAGTTGC3′ − 5′CCCAGGCCCTCAGCC3′
ERAP 2 5′TTTCTGTGAATGCTGGGTGG3′ − 5′ATAATGAATTTAGCGTGGGCAG3′
ERAP 3 5′CACCATGACCATGCCCAG3′ − 5′GGCTAGTGCAAGTCACAGA3′
ERAP 4 5′CCCCAAGTGCTGGGATTG3′ − 5′ACCAGAACAAGCTGGTCAC3′
ERAP 5 5′ATTGGCAACCATATCCCACA3′ − 5′CTGAGGCAACTACAGGGATG3′
ERAP 6-7 5′GCTGGTTCAAACACCTATCCA3′ − 5′ACTGTCAAGGAAGTTATCAGTG3′
ERAP 8 5′TAGGTTGCCCCCAAAATGTG3′ − 5′TAACCCCACAACCTTGCCTA3′
ERAP 9-10 5′CCTGCAGTTGCGTTTTCAAAG3′ − 5′TCAGAAAGTTTGGCACAGAGC3′
ERAP 11 5′GTAGCGGCTGTTTGAGCATA3′ − 5′CCATCCTACAAGGCAGATGT3′
ERAP 12 5′TGAGAGCTTGGCTGTAGCA3′ − 5′CATCCAAGATTGGGCAAGGA3′
ERAP 13 5′ATGGCCAGAGATGTAGTTGC3′ − 5′GATTCCTTCCTTCAAGTGCC3′
ERAP 14 5′TGAAGCAAAAAGTTGACTTCCC3′ − 5′GTACCATGAAGAGTCCCAGA3′
ERAP 15 5′GTCCTGAAGTCTTGTTGCAT3′ − 5′GCAGGGGAGACACTTAAACT3′
ERAP 16 5′ATGCTTCTCTGATCATGGGG3′ − 5′TGTGCTGACTTGCAGTATGT3′
ERAP 17 5′ACCTTTGTTACTGGCAGAC3′ − 5′CAGCAAGGCTAAAACACAGT3′
ERAP 18 5′CACACCGATCAGTTTTTAGC3′ − 5′AGGTTTTTACTGGCAGAGC3′
ERAP 19 5′GACAGCTGGGACTGCCTT3′ − 5′TTGGAGCCAAAACAGCCA3′
ERAP 20 5′GTCTGGGCTTTGTCATTTGT3′ − 5′CTGTGAGGCAAGGCTGTG3′

M.C. Padula, et al. Human Immunology 80 (2019) 335–338

336



The novel polymorphisms have localized within the ERAP1 exon 3
(Fig. 2a) and have been submitted and released in GenBank database
with MK252970 accession number. Interestingly, both SNVs were not
found in none of 50 matched healthy controls.

The 3D protein structure prediction was obtained by protein se-
quence (Fig. 2b and c). The two amino acids were localized very close
to each other in the 3D protein structure (Distance [Å]: 13.61). The
computational analysis showed a change in energy score when the wild-
type and the variant states were compared. The first variation was as-
sociated to a more stable protein chain (ΔE: −2.022), while the second
polymorphism led to a less stable protein chain (ΔE: 2.967).

No correlation was found between the presence of novel SNVs and
the most significant known polymorphisms (rs30187, rs17482078,
rs27044) in our patients group. We found significantly higher fre-
quencies of mutant rs30187GG (40.0% vs 24.0%), rs17482078AA
(18.0% vs 0.0%) and rs27044GG (50.0% vs 30.0%) homozygous gen-
otypes in patients compared with controls (p < 0.05).

4. Discussion

ERAP1 role is recently studied for its role in the immune response
and several SNVs are reporting as BS risk loci, both known and novel
variations [6,7,11–14,18]. ERAP1 SNVs have been found to affect the
protein trimming function and predispose to several human diseases,
including autoimmune and rheumatic disorders, with partially

unknown pattern. The variations led to altered antigen presentation
and cytotoxic response influencing the antigenic peptide repertoire and
the immunodominance hierarchy [8,14,19]. These effects are related to
the critical role of the conformational dynamic of the enzyme changing
from a “closed” conformation to an “open” conformational state. The
first conformation could be triggered by the binding of a selective
substrate with a structural change in the active site loop containing the
conserved exo-peptidase GAMEN motif (317-321 amino acids) [8].

Our study was performed recruiting an explorative cohort of BS
patients from Southern Italy, a population characterized by low disease
prevalence. In fact, BS is a rare disease in Italy. We investigated the
entire ERAP1 sequence and identified two novel exon 3 polymorphisms
(p.Glu183Val and p.Phe199Ser) that could contribute to increase the
number of known SNVs. These SNVs were not previously reported in
literature and in specific databases probably due to the significant
variance in gene allelic frequencies among populations of different
ethnic groups and different genetic ancestry.

Of note was the first variation, the substitution glutamate (hydro-
philic amino acid) to valine (hydrophobic amino acid) in correspon-
dence of a critical site (183 position). In fact, the glutamate at 183
position is a conserved site involved in the substrate binding, due to its
significant role in the anchorage of the N-terminal amine group of the
peptides.

For the second variation we also recognized the substitution of a
phenylalanine (hydrophobic amino acid) to serine (hydrophilic amino

Fig. 1. a) Nucleotide alignment between the
queries (de novo SNVs-containing sequence) and
the subject (ERAP1 RefSeq) using BlastN. The
polymorphic sites (g.18169A > T and
g.18217 T > G) are highlighted in the box. b)
Amino acid alignment between the queries (de
novo SNVs-containing sequence) and the subject
(ERAP1 protein RefSeq) using BlastX. The poly-
morphic sites (p.E183V and p.F199S) are high-
lighted in bold font and by the asterisks.

Fig. 2. a) Localization of our de novo SNVs at exon 3 ERAP1 and nucleotide sequence showing the polymorphic sites in bold font. b) amino acid sequence showing
both polymorphic sites (p.E183V and p.F199S) in bold font. c) 3D protein structure output by 3D Protean software for wild-type, p.E183Val, p.F199S, p.E183V plus
p.F199S polymorphic sequences. The polymorphic residues are in blue colour.
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acid).
The different amino acid chemical properties could affect the pro-

tein three-dimensional shape and the protein interacting pattern. In
order to address this point, the computational prediction of the 3D
protein structure of wild type and SNVs-containing proteins was pre-
dicted recognizing a change in the energy and stability of the protein.
The energy gap is a measure of how such gene variations could affect
the protein stability and influence the folded/unfolded states [20]. Both
the novel SNVs were predicted to be damaging and were characterized
by the change of energy score: p.Glu183Val causes stabilization, while
p.Phe199Ser induces destabilization. At the time we assume a link be-
tween our SNVs and the protein stability, that is critical for the enzyme
conformational state change and activity, as well as for the substrate
binding, to be validated in future proteomic studies.

In conclusion, we found two novel SNVs, probably two rare muta-
tions, not previously reported in literature, but our study has some
limitations. In fact, we genotyped a relatively small group from
Southern Italy probably characterized by increased sensitivity to ge-
netic drift and the hypothesis of ethnic-specific founder variations could
be advanced. However, this hypothesis and the possible functional and
pathogenic role of the de novo SNVs remains to be validated in a larger
case-control study including a higher number of both patients and
healthy controls.
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