BASIC

I}
©)
Z
L
O
n

Rheumatology 2021;60:3004-3011

RH E U MATO LO GY doi:10.1093/rheumatology/keaa746

Advance Access publication 2 December 2020

Original article

Reactive arthritis and undifferentiated peripheral
spondyloarthritis share human leucocyte antigen
B27 subtypes and serum and synovial fluid cytokine
profiles
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Abstract

Objectives. Peripheral SpA (pSpA) is comprised of ReA, PsA, enteritis-associated arthritis and undifferentiated
pSpA (upSpA). ReA and upSpA share T cell oligotypes and metabolomics in serum and SF. We investigated HLA-
B27 subtypes and cytokines in serum and SF that were compared between ReA and upSpA.

Methods. ReA and upSpA were compared in two cohorts. In cohort | (44 ReA and 56 upSpA), HLA-B27 subtyp-
ing was carried out. In cohort Il (17 ReA and 21 upSpA), serum and SF cytokines were compared using a multiplex
cytokine bead assay (27 cytokines). A total of 28 healthy controls with similar age and sex to cohort Il were
included for comparison of serum cytokine levels.

Results. In cohort I, HLA-B27 was positive in 81.8% (36/44) of ReA and 85.71% (48/56) of upSpA patients. HLA-
B27 typing was successful in 70 patients (30 ReA and 40 uSpA). HLA-B*2705 was the most common, followed by
HLA-B*2704 and HLA-B*2707. Frequencies were the same between ReA and upSpA. In cohort I, 14 cytokines
were detectable in the serum of patients. The levels of eight cytokines were higher than in the controls. The cyto-
kine levels of ReA and upSpA were similar. Sixteen cytokines were detectable in the SF of patients. There was no
statistical difference in the levels between ReA and upSpA. The cytokine profiles in sera and SF were also similar
among HLA-B27-positive and negative patients.

Conclusion. ReA and upSpA have similar HLA-B27 subtype associations and similar cytokine profiles. They
should be considered as a single entity during studies as well as clinical management.
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Rheumatology key messages

« Undifferentiated peripheral spondyloarthritis (upSpA) resembles ReA except for having a known preceding infection.
o HLA-B27 subtypes are similar in ReA and upSpA (the most common subgroup being HLA-B*2705).
o Cytokine profiles in serum and in SF are similar among ReA and upSpA patients.

"Department of Clinical Inmunology and Rheumatology, Sanjay
Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India,
2Infectious Disease B;ology Group, Institute of Life Sciences,
Bhgbehneswar, India, "Institute of Life Sciences, Bhubaneswar, Centre, Ministry of Health and Family Welfare, Government of India,
IndcllaéU?/IepHanmtenlt °fd0'3|”'g?' 'Tg““O'OQgh& :heumato'f’%Y IMS BRD Medical College Campus, Gorakhpur, India, "°Institute of Life
an ospital and Medical College, Bhubaneswar, India, ; ;

5Depar‘(ment of Medicine, Section Pulmonary Disease, Tulane Smem.:es, Bhubaneswar, India
University, New Orleans, LA, USA, ®Clinical Immunology and Submitted 2 August 2020; accepted 7 October 2020
Rheumatology, Kalinga Institute of Medical Sciences, KIIT
University, Bhubaneswar, India, 7Depar’(ment of Immunology,

Correspondence to: Ramnath Misra, Department of Clinical
University of Pittsburgh, Pittsburgh, PA, USA, 8immunodynamics 'mmu,“_°'°9¥ and Rheumatology, S.G.P.G..M.S, Lucknow, India.
Section, Laboratory of Integrative Cancer Immunology, Centre for E-mail: rnmisra2000@gmail.com

Cancer Research -National Cancer Institute, National Institutes of *Jyoti Ranjan Parida, Sandeep Kumar and Sakir Ahmed contributed
Health, Bethesda, MD, USA, °ICMR-Regional Medical Research equally to the manuscript.

© The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For permissions, please email: journals.permissions@oup.com


http://orcid.org/0000-0003-4631-311X
http://orcid.org/0000-0002-2187-5186
http://orcid.org/0000-0003-3207-4509

ReA and upSpA share HLA-B27 subtypes and serum and SF cytokine profiles

Introduction

ReA is an oligoarthritis affecting predominantly large
joints in the lower limbs, with variable other extra-
articular manifestations, that occurs following a gastro-
intestinal or urogenital infection [1]. Clinicians often
encounter a similar form of arthritis without the history
(or documentation) of preceding diarrhoea or urogenital
infection. Most of these are classified as ‘undifferenti-
ated arthritis’, but this may include cases of seronega-
tive RA as well [2]. However, the phenotype is different
and resembles peripheral SpA (pSpA) rather than clas-
sical RA. For the lack of a standard term, we will be
referring to this subgroup as ‘undifferentiated peripheral
SpA’ (upSpA), a term that has been used by other
authors [3]. This is separate from the previously used
term ‘undifferentiated spondyloarthropathy’ (or ‘undiffer-
entiated spondyloarthropathy’) that includes axial SpA
[4] and has largely been superseded by the term ‘non-
radiographic SpA’ as recommended by the Assessment
of SpondyloArthritis International Society (ASAS) [5].

The ASAS has definitive criteria for pSpA. A portion of
this pSpA is PsA, some are enteritis (IBD)-associated
arthritis and some are ReA. The remaining are undiffer-
entiated pSpA. These have been hypothesized to be a
forme fruste of ReA [6]. Although it may be possible that
a few of these might later evolve psoriasis skin lesions
or IBD, the question remains how these should be
treated. The evidence for treating upSpA as well as ReA
is limited. Thus, to understand the pathogenesis or to
plan clinical trials, it is imperative to know whether these
two groups should be treated as separate or similar.

ReA is unique in the sense that it presents an inter-
face between infection and arthritis. Understanding the
pathogenesis may help us in understanding the genesis
of different inflammatory arthritis and even to strategize
how to prevent the chronicity of inflammatory arthritis.
But ReA is an uncommon entity. Knowing if we can in-
clude or exclude upSpA patients along with ReA can be
very helpful in this regard.

It has been previously shown that in about half of the
patients with ReA with a definite history of preceding
infections, no organism is isolated on culture, whereas
‘undifferentiated oligoarthritis’ without such a history
reveals pathogenic bacteria on stool culture in ~47% of
cases [7]. It has been shown that the clinical profile and
disease activity [3] and prevalence of HLA-B27 positivity
are similar between ReA and upSpA [8]. Previous work
from our centre has shown that patients with ReA and
upSpA have CD8" T cells that recognize Salmonella
typhimurium outer membrane protein A (OMP-A) in their
SF [9]. We have also previously shown that the metabo-
lomic profile of sera and of SF is similar between ReA
and upSpA [10], however, it is different from sera from
patients with RA [11]. This seems to imply that both
have similar immune-metabolic pathways involved.

Thus with similar aetiology (precipitating bacteria),
clinical features, disease activity, HLA-B27 positivity, T
cell response and metabolomics profile, ReA and upSpA
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seem to be similar entities. With this background we fur-
ther explored the genetic associations and cytokine pro-
files of these two entities to strengthen or refute this
hypothesis.

Methods

Two sets of experiments were carried out. In the first
cohort (cohort I: 44 ReA and 56 upSpA), PCR for HLA-
B27, sequencing for HLA-B27 subtypes and endoplas-
mic reticulum aminopeptidase 1 (ERAP1) polymorphism
was studied, as both are known to have strong associa-
tions with the SpA spectrum of diseases. In the second
cohort (cohort 2: 17 ReA and 21 upSpA), multiple cyto-
kine levels were estimated in both serum and in SF
using a multibead assay.

ReA was defined as patients who had at least two of
three of the following features: asymmetric arthritis, oli-
goarthritis or lower limb predominant arthritis, which had
developed within 4 weeks after an episode of diarrhoea
or dysentery or urogenital infection [12]. As we had
done previously, all patients meeting ASAS criteria for
pSpA [5] were included after exclusion of patients hav-
ing inflammatory back pain, restriction of back mobility
or meeting criteria for ReA, PsA and IBD-associated
arthritis. Patients with asymptomatic sacroiliitis on radi-
ography or inflammatory backache in the past were not
excluded (as these are part of the ASAS criteria for
pPSpA).

For cohort 2, patients (ReA or upSpA) were included
only if they had at least one swollen large joint from
which SF could be aspirated. Healthy controls with age
and sex distributions similar to cohort Il were included
to compare serum cytokine levels. Blood samples
(EDTA blood for DNA and plain blood for serum) and SF
were collected from the knee joint before administration
of intra-articular corticosteroid injection. Blood and SF
was centrifuged (2000rpm for 10min) and stored at
—20°C until analysis.

Informed consent was obtained from all participants
in writing and the study was carried out as per the
Declaration of Helsinki and its latest amendments. The
two parts of the study were separately approved by the
Sanjay Gandhi Postgraduate Institute of Medical
Sciences Institutional Ethics Committee.

HLA-B27 typing by PCR (cohort I)

DNA was extracted from the stored EDTA samples by
the salting out method [13]. The concentration and pur-
ity of DNA was determined by neon spectrophotometer
[by measuring optical density (OD) at 260 and 280 nm].
DNA quality was checked on 0.8% agarose gel electro-
phoresis. HLA-B27 typing was done by PCR using the
following B27-specific primers to amplify a 149 base
pair region: B1, 5-GCT ACG TGG ACG ACA CGC T-3/;
B2: 5-CTC GGT CAG TCT GTG CCT T-3’; B3: 5-TCT
CGG TAA GTC TGT GCC TT-3'. A conserved intronic re-
gion of HLA-DR of 796bp was also amplified as an
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internal control using the following sets of primers: C1:
5-TGC CAA GTG GAG CAC CCA A-3; C2: 5-GCA TCT
TGC TCT GTG CAG AT-3' (Sigma-Aldrich, St. Louis,
MO, USA) [14]. The total volume for the PCR was 50,
containing 10mM Tris-HCI, pH 8.3, 50mM KCI, 1.5mM
MgCl,, 200puM dNTP, 0.5units Tag DNA polymerase
(Bangalore Genei, Bangalore, India), 20 pM of each pri-
mer and 250-500ng DNA. The PCR steps include de-
naturation at 96°C for 25s, 70°C for 45s and 72°C for
30s; 21 cycles at 96°C for 255, 65°C for 45s and 72°C
for 30s; 4 cycles each at 96°C for 25s, 60°C for 45s
and 72°C for 30s; 4 cycles each at 96°C for 255, 55°C
for 1 min and 72°C 2min and 1cycle at 72°C for 10 min.
The amplified PCR product was detected by agarose
gel electrophoresis (1.5% agarose gel in 1X TBE con-
taining 0.5pg/ml ethidium bromide). The size of the
HLA-B27-specific product was 149 bp and that of the in-
ternal control was 798 bp. Positive controls were also
run with each set of samples.

HLA-B27 subtype analysis by sequencing (cohort )

Subtype analysis was done in HLA-B27-positive
patients by primers MW16 and MWO09, which are used
to amplify exon 2 and exon 3 of B27 to cover all known
B27 subtypes. For amplification, the primers used were
forward primer: 5'-CGCCGCGAGTCCGAGAGA-3' and
reverse primer 5'-GAGCCACTCCACGCACTC-3' (Sigma-
Aldrich) [15]. The PCR mixture contained 80mM Tris-
HCI, pH 9.0, 2mM MgCl,, 20mM (NH4)>.SO,4 (fermen-
tas), 200mM each dNTP (Invitrogen, Waltham, MA,
USA), 0.5units Tag DNA polymerase (Bangalore Genei),
20 pM of each primer (Sigma-Aldrich), 10% dimethyl-
sulphoxide and 5 pl of genomic DNA at a concentration
of 50-300 ng/ul was used as a template DNA. PCR con-
ditions were similar to those for HLA-B27. The PCR
product of HLA-B27 (exon-2, exon-3) was 670bp and
was detected by 2% agarose gel electrophoresis. After
amplification of the desired gene, sequencing of PCR
products was commercially carried out at Chromous
Biotech (Bangalore, India). The PCR products were puri-
fied wusing Chromous DNA purification columns
(Chromous Biotech) and amplified using forward primer
(5 umol). The BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA, USA) was
used for sequencing the PCR. The purified product was
then treated with Hi-Di Formamide to resuspend sam-
ples before electrokinetic injection in a capillary electro-
phoresis system (ABI 3500 XL Genetic Analyzer; Applied
Biosystems). Each nucleotide is represented by one
fluorochrome and the electropherogram shows different
colour peaks that were analysed using BioEdit se-
quence alignment editor software. The sequences gen-
erated were matched with those available in the
International ImMunoGeneTics project (HLA database;
http://www.ebi.ac.uk/ipd/imgt/hla/) for assignment of
subtypes [16].
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ERAP1 polymorphism (cohort 1)

Genotyping of ERAP1 was done by using commercial
TagMan-based RT-PCR (Applied Biosystems) for the
two non-synonymous single-nucleotide polymorphisms
rs27044(C/G) and rs30187(C/T) in the ERAP1 gene
known to be associated with HLA-B27-positive SpA
[17].

Multiplex cytokine/chemokine bead assays
(cohort 1)

A multiplex cytokine bead assay was performed using
diluted serum supernatants and Milliplex MAP Human
Cytokine/Chemokine Panel 1 Pre-mixed 27 Plex (Merck
Millipore, Darmstadt, Germany) analysed with a Bio-Plex
MAGPIX Multiplex Reader (Bio-Rad, Hercules, CA, USA)
according to the manufacturer’s instructions. Both sera
and SF were assayed by the Milliplex MAP Human
Cytokine/Chemokine Panel 1 Pre-mixed 27 Plex to esti-
mate levels of basic fibroblast growth factor (FGF),
eotaxin, G-CSF, GM-CSF, IFN-y, IL-1B, IL-1ra, IL-2, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-
15, IL-17, inducible protein-10 (IP-10), monocyte chemo-
tactic protein-1 (MCP-1/MCAF), macrophage inflamma-
tory protein (MIP)-1a, MIP-13, PDGF-BB, regulated on
activation normal T cell expressed and secreted
(RANTES), TNF and VEGF. The detectable limit for each
cytokine was 10 pg/ml.

Statistical analysis

Data were analysed using SPSS (version 16.0; SPSS,
Chicago, IL, USA) and R (version 3.6.3, via RStudio ver-
sion 1.2.5; R Foundation for Statistical Computing,
Vienna, Austria). Fisher’'s exact test (two-sided) was
used for comparison and correlation of allelic subtypes
and clinical features between ReA and upSpA. The com-
parison of cytokines, chemokines and growth factors
between ReA and upSpA and also between HLA-B27-
positive vs negative patients’ serum and SF was done
by using the Mann-Whitney U test. Correlation with clin-
ical parameters, including disease activity score, was
done using Spearman correlation. P-values <0.05 were
considered significant. However, to account for multiple
comparisons, Bonferroni corrections were carried out as
appropriate.

Results
Clinical features

The clinical features of both the cohorts (I and Il) are
provided in Table 1. In cohort I, among 44 patients with
ReA, 33 (75%) had a history of diarrhoea and 11 (25%)
had a history of genitourinary infection. In cohort I, all
17 ReA cases had occurred after diarrhoea. The median
disease duration in cohort | was 6 months [interquartile
range (IQR) 2.5-24] while in cohort Il it was 24 months
(IQR 2-60).

https://academic.oup.com/rheumatology
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28.5 (15-44)
12 (2-60)

26.5 (18-34)
36 (12.5-54)

25 (17-58)

24.5 (13-70)
4 (2-24)

Age, median (range), years
Disease duration, median

6.5 (2.6-24)

(quartiles), months
Disease pattern, n®

Episodic arthritis, 33 Episodic arthritis, 16 Episodic arthritis, 19

Episodic arthritis, 38

Chronic persistent arthritis, 23 Chronic persistent arthritis, 1 Chronic persistent arthritis, 2

Chronic persistent arthritis, 5

Not defined = 1

Positive, 14; negative, 6; NA, 1

Positive, 48; negative, 8 Positive, 14; negative, 3

Positive, 36; negative, 8

HLA-B27, n

ReA and upSpA share HLA-B27 subtypes and serum and SF cytokine profiles

@Patients with first episode are included in episodic type. NA: not available .

TaBLe 2 Distribution of HLA-B27 subtypes between HLA-
B27-positive patients with ReA and with upSpA

HLA-B27 subtype ReA, n upSpA, n 22 test

B*2705 17 27 P=0.60
B*2704 8 7
B*2707 5 6

Cohort I: HLA-B27 prevalence and subtyping

In cohort I, HLA-B27 was positive in 81.8% (36/44) of
ReA and 85.71% (48/56) of uSpA patients. Of these,
subtyping was done in 70 (30 ReA and 40 upSpA) HLA-
B27-positive patients. The distribution of B27 subtypes
was similar in ReA and upSpA patients (Table 2).

ERAP1 rs27044(C/G) and rs30187(C/T)
polymorphism

Minor allele frequencies of the rs27044(C/G) and
rs30187(C/T) polymorphisms were similar in the HLA-
B27-positive and negative groups (Supplementary Table
1, available at Rheumatology online). There was no as-
sociation between the allele frequencies and disease
susceptibility in HLA-B27-positive and negative patients
(data not shown).

Cohort II: serum cytokine levels between patients
and healthy controls

Serum TNF-a, IL-12 (p70), VEGF, IL-8, IP-10, MCP-1,
MIP-1o0 and MIP-1B were higher in patients (ReA/
upSpA) as compared with healthy controls. There was
no difference in IL-1Ra, IL-6, IL-15, IFN-y, eotaxin, IL-
17, IL-10, G-CSF, FGF or RANTES levels.

Comparison of serum cytokine levels between ReA
and upSpA

Levels of 14 cytokines were comparable between patients
of ReA and upSpA (Fig. 1). The levels of the remaining 13
cytokines were not detectable in the serum of patients.

Comparison of SF cytokine levels between ReA and
upSpA

The chemokines eotaxin and RANTES and growth fac-
tors VEGF and basic FGF were not detectable in SF. IL-
17, IL-15 and IFN-y were detectable only in SF. In SF,
16 cytokines were detected, while the remaining 11
were not detected. There was no difference in the levels
of different cytokines between ReA and upSpA (Fig. 2).
Even the comparison of the ratios of serum to SF cyto-
kine levels between ReA and upSpA revealed no statis-
tically significant difference (data not shown).

Comparison between HLA-B27-positive and nega-
tive groups

Comparison of both serum and SF cytokines between
HLA-B27-positive and HLA-B27-negative individuals
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revealed no difference (Supplementary Figs 2 and 3,
available at Rheumatology online).

Discussion

The purpose behind this research was to check if ReA
and upSpA had any differences in HLA-B27 subtypes or
in the cytokine profiles in both serum and SF. These
were explored in two different cohorts and no differen-
ces were found between these two groups.

In cohort I, HLA-B27 positivity was present in 82% of
ReA and 86% of upSpA. Of the subtypes, B*2705 was
the most common in both the groups (57% in ReA and
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67.5% in upSpA). Although the prevalence of HLA-B27

and its various subtypes in SpA has been widely studied
in the literature, such data for ReA or upSpA are limited.
A southern Indian study of 28 ReA and 6 uSpA patients,
HLA-B27 prevalence was 28.5% and 33.3%, respective-

ly [18]. Other studies from northern India have reported
prevalences of HLA-B27 similar to ours in ReA (83%)
[19] and in ‘unclassifiable SpA’ (84%) [8].

Beyond validating these former studies that show
similar prevalences of HLA-B27 in patients with ReA and
upSpA, this study also establishes the similar HLA-B27
subtype distribution in these disease groups. In healthy
controls from India, HLA-B*2705 is the predominant

https://academic.oup.com/rheumatology
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subtype (62-70% western India, 58% northern India)
[20], followed by HLA-B*2704 (47% northern India,
10-14% western India) and HLA-B*2707 (13-28% west-
ern India, 6.8% northern India) [21-23]. HLA-B*2702
(1.4-2%) is a relatively uncommon subtype reported in
these studies. HLA-B*2705 and 2704 are the only sub-
types reported from southern India [18]. In most studies
of AS in India, HLA-B*2705 (51-75%) is the most preva-
lent subtype [18, 22, 24]. At our centre, HLA-B27 sub-
types in AS and in juvenile-onset enthesitis-related
arthritis (ERA), again HLA-B*2705 was the most com-
mon in both adult AS (57%) and juvenile ERA (70%)
patients [25]. However, a meta-analysis of studies from
across the world showed the strongest association of
AS with HLA-B*2702 and HLA-B*2704 [23].

Studies of HLA-B27 subtypes in ReA or uSpA (not
upSpA, which has rarely been studied) are scarce in
India as well as worldwide. In a study of 40 patients
with HLA-B27-positive uSpA from Brazil, HLA-B*2705
was the most frequent allele (92.5% uSpA vs 77% con-
trol) followed by HLA-B*2702 (5% uSpA vs 12% control),
whereas HLA-B*2704 was rare (2.5% uSpA vs 0% con-
trol) [26]. In another study of 17 HLA-B27-positive
Reiter’s disease patients from Brazil, B*2705 was found
in 65% and B*2702 in 35% [27]. In a study from north-
ern India, HLA-B*2705 (73%) was the predominant sub-
type in uSpA and was significantly associated with
females [23]. In a study from southern India, there were
only two patients with uSpA; B*2705 and B*2704 was
found in one patient each and in eight ReA patients and
B*2705 and B*2704 were found in seven patients and
one patient, respectively [18].

Although the first part of the study was based on con-
venient sampling and the sample size may seem small
for genetic polymorphism studies, we were limited by
the number of available patients. For ReA/upSpA, 100 is
a sizeable number, and we have not been able to locate
any genetic association study in ReA with a higher num-
ber of patients.

In cohort Il, both serum cytokines as well as SF cyto-
kines were explored, and there was no difference be-
tween the two groups. The role of chemokines and
growth factors are not well described in the pathogen-
esis of ReA or upSpA. Our multibead assay helped us
measure levels of chemokines like IL-8, MIP1-, MCP-1
and IP-10. However, the chemokine eotaxin and growth
factors like VEGF and basic FGF were not detectable
in SF.

A comparison between acute and chronic ReA
showed that chronic cases have lower levels of TNF
[28]. Our centre previously reported increased levels of
IL-17, IL-6, TGF-B and IFN-y in the SF of patients with
ReA/uSpA and a higher level of Th17-associated cyto-
kines IL-17, IL-6, IL-1p and IL-21 in the SF of ReA/uSpA
as compared with RA [29, 30]. The source for IL-17 and
IFN-y appear to be NK and y5-T cells [31]. (It should be
noted that these studies included uSpA, as per the
ESSG criteria, and not the currently investigated upSpA.
However, it is expected that most cases of uSpA and
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upSpA will overlap.) These studies compared a few
cytokines in the SF of ReA patients with those in the SF
of OA patients. In the current study, only serum cyto-
kines were compared with those of healthy controls and
we did not use controls for SF. TNF-a, but not IFN-v,
was higher in serum compared with healthy controls.
Another study in Chlamydia-associated ReA showed
lower levels of SF IFN-y in HLA-B27-positive vs negative
patients [32]. In our cohort, we could not find any differ-
ence between HLA-B27-positive and negative patients.
This may be true, as the previous study [32] had some
issues [33].

Our aim was to explore the similarities between ReA
and upSpA. We have demonstrated that HLA-B27 asso-
ciations and cytokine profiles in sera and SF are similar
between ReA and upSpA, thus providing more evidence
to link these two entities. The main contention against
this is that upSpA may ‘differentiate’ into axial SpA, PsA
or enteritis-associated arthritis. Nevertheless, ReA can
also behave the same way. ReA often has an axial com-
ponent and can evolve into AS [20, 34]. Chronic ReA
may be difficult to differentiate clinically [35] or radio-
logically [36] from PsA.

The limitations of the current work include the lack of
sample size calculation. However, due to the limited
number of patients with these two disease entities, we
will have to be satisfied with convenient samples.
Moreover, in the cytokine study, it was a hypothesis-
free approach looking at 27 different cytokines where
sample size calculations cannot be done. One question
may also arise as to why two different cohorts were
used. For the second set of experiments, patients with
at least one swollen large joint were required from which
SF was available. Another limitation is that we did not
included the effect of drugs on cytokine levels. Here
again, most of the patients were newly diagnosed
patients, meaning that they were drug naive or were on
NSAIDs only. Also, both ReA and upSpA are treated
similarly under current standards of care, thus we ex-
pect the effects of any drug used would be more or less
balanced between the two groups, allowing comparison
of cytokine profiles. Ideally, a comparison with the other
types of pSpA, namely PsA and enteritis-associated
arthritis, could have highlighted the similarities and dif-
ferences between these four groups better. However,
the focus of the current study was limited to ReA and
UpSpA.

Thus we have shown that ReA and upSpA have simi-
lar HLA-B27 subtype associations and similar cytokine
profiles. With previous studies showing similar clinical
features, metabolomics of sera and SF and T cell
responses (to Salmonella OMPs), it makes the case
stronger to group these two together. Since both are un-
common diseases, it may be beneficial to consider them
together to study pathogenesis and for clinical trials.
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