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RESEARCH ARTICLE

Study of Serum Interleukin-33 and Soluble ST2
Levels, and HLA-B27 Typing in Iraqgi Patients of
Ankylosing Spondylitis

Faris Ali Khdur® *, Hanaa N. Abdullah®, Mayada Noori Igbal

College of Health & Medical Technology, Middle Technical University, Baghdad, Iraq

ABSTRACT

Ankylosing spondylitis (AS) is a type of arthritis that causes inflammation in the joints and ligaments of the spine. The
current study aimed to determine the level of serum interleukin-33 (IL-33), soluble stromelysin-2 (sST2) interleukin,
and HLA-B27 typing among Iraqi AS patients. The whole blood samples of the patients were collected from medical
hospitals in Baghdad city. The ELISA technique was used to measure the serum levels of IL-33 and sST2, and the
HLA-B27 typing was performed by sequence-specific primer PCR (SSP-PCR). The patients were divided into patients
newly diagnosed with the disease and patients receiving biological treatment (etanercept) in addition to the healthy
control individuals. The mean serum IL-33 levels for newly diagnosed patients, patients treated with etanercept, and
healthy control individuals were (82.84 + 3.59), (55.91 + 2.11), (37.32 &+ 1.69) respectively. The mean serum sST2
levels for newly diagnosed patients, patients treated with etanercept, and healthy control individuals were (165.62 +
8.92), (78.82 + 5.84), (48.01 + 2.11) respectively. In addition, the positive results of HLA-B27 for newly diagnosed
patients, patients treated with etanercept, and healthy control were n = 18 (60.0%), n = 22 (73.3%), n = 0 (0.00%),
respectively. In conclusion the present research confirmed the significance of interleukin-33 (IL-33), sST2, and HLA-B27

allele as a rapid marker for diagnosis of AS also in Iraqi As patients.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflamma-
tory disease characterised by a gradual fusion of the
axial joints,! considered a type of spondyloarthri-
tis (SpA).2 Numerous disciplines, including genetics,
environment, gut microbiota, and hormones, have
previously been studied in relation to the etiology
of AS.? It is believed that the prevalence rates of
AS range from 0.1 percent to 0.3 percent around the
world. The disease affects approximately 1.3 million
to 1.6 million individuals in Europe and 4.6 million
to 5.0 million patients in Asia.* The first anatomi-
cal description is based on a patient’s skeleton with
advanced AS. However, it was first published in

1695 by Bernard Connor.®> The inflammation fre-
quently results in calcification and bone growth, as
well as damaging bone lesions, which ultimately lead
to spinal fusion, a loss of flexibility, and persistent
back pain. For the past ten years, there has been
a substantial amount of progress made in both the
understanding of the mechanism behind this autoim-
mune disease and the development of a treatment for
inflammation.

The development of inflammatory arthritis is de-
pendent upon the presence of an unbalanced cytokine
network. %’ Th2 cells are responsible for the produc-
tion of a cytokine known as interleukin (IL)-33, which
functions as a chemoattractant for human Th2 cells.
The production of IL-33 by mast cells occurs after they
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have been stimulated by immunoglobulin IgE.® The
AS disease is significantly affected by IL-33, which is
involved in rheumatoid arthritis. In addition to this,
there has been little research done on the implications
of alterations in IL-33 levels on AS.°

Human stromelysin-2 (ST2) is also known as IL-1
receptor-like 1 (IL1IRL-1).'° IL1RL-1 functions as a
decoy receptor and sequesters free IL-33. The activa-
tion of the nuclear factor kappa B (NF-xB) signaling
pathway is responsible for the enhancement of mast
cell, Th2 cell, regulatory T cell (Treg), and innate
lymphoid cell type 2 activities. !

One of the most important aspects of the World
Health Organization (WHO) diagnostic criteria for
axial SpA (axSpA) is the human leukocyte antigen
B27 (HLA-B27), which is classified as an MHC class
I marker. '? Peptide antigens are presented to CD8 T
lymphocytes by HLA-B27, which is a member of the
HLA Class I family of MHC genes. Its assignment is to
perform this function.'® Across the many continents
and racial and cultural groupings that make up the
world, there is a vast variety of HLA B27 preva-
lence.'* The HLA-B27 was first described in 1973,
and the scientific community continues to confront
a major challenge in determining how it contributes
to SpA and other conditions associated with SpA.
There is a growing interest in HLA-B27-based ef-
fects, particularly in HLA-B27(+) patients who have
AS, although the diagnostic and prognostic functions
of HLA-B27 in AS are still being contested.!® Ad-
ditionally, patients with HLA-B27 positivity have a
considerably younger age at onset, a greater number
of cases of uveitis, and a higher frequency of in-
volvement of peripheral joints and hips compared to
patients with HLA-B27 negative. '° The present study
aimed to identify the serum IL-33 and soluble ST2
(sST2) levels correlated with HLA-B27 in AS.

Patients and methods
Study design

The case-control study was carried out from Decem-
ber 2022 to April 2023 at the main medical hospitals
in Baghdad in the rheumatology department of the
Baghdad Teaching Hospital. A total of 243 samples
were taken from individuals between the ages of
17 and 66. They were divided into three groups:
newly diagnosed patients infected with AS without
treatment, AS patients treated with etanercept, and
healthy control individuals. Clinical evidence is con-
sistent with an AS diagnosis, as determined by the
Assessment of SpA International Society (ASAS).!”
The AS patients included in the study were selected
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as treated with biological DMARDs: etanercept and
new diagnosis, some of these patients have other
diseases like hypertension and diabetes mellitus. At
the same time, the history of cancer, the presence
of other severe acute or chronic medical conditions,
pregnancy and breastfeeding, alcohol consumption,
hepatotropic viral infections, human immunodefi-
ciency virus infections, other autoimmune disorders,
and an unwillingness or inability to cooperate were
among the categories that were excluded from the
study.

Ethical approval

The study secured ethical approval from the Iraqi
Ministry of Health-Department of Medical Teach-
ing City (Reference No. 53131, dated December 15,
2022). The treating rheumatologist referred eligible
patients with the patient’s consent.

Sample collection

Venous blood specimens (10 ml) were collected as
follows: 8 ml for immunological and serological anal-
ysis in gel and EDTA tubes and 2 ml for genetic tests
in EDTA tubes. The gel tubes were centrifuged for
10 min at 2683.2 xg. The serum sample was carried
to add into eppendorf tubes and immediately frozen
at-20°C.

Immunological investigation

The estimation of IL-33 and sST2 in human sera
was performed by sandwich enzyme-linked immune-
sorbent assay technology using kits of (Sunlong
company, China).

Examination of inflammatory markers

The inflammatory characteristics of the disease,
like blood erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were performed by Wester-
gren method and (LTA C reactive protein company,
Italy), respectively.

Genetic detection

DNA extraction and quantification

Genomic DNA was extracted according to the pro-
tocol quality of the (gSYNC™ DNA extraction, China)
Kit. The purified DNA is quantified with analysis by
gel electrophoresis and ultraviolet light. DNA purity
and concentration were measured using the Nan-
oDrop method. To confirm the extraction of genomic
DNA, a gel electrophoresis procedure was used. '
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Detection of HLA-B27 gene

For diagnosis of the gene of HLA-B27, we used
the (Olerup SSP® HLA-B*27, Sweden). The content
of the HLA-B*27 SSP typing was the primer set con-
taining two vials of 5’- and 3’-primers for identifying
the HLA-B27 specificity, B*27:01 to B*27:256. The
primer solutions consist of specific primer mixes, i.e.,
group-specific primers, as well as a control primer
pair matching non-allelic sequences Per sample, at
room temperature in a 0.5 ml tube the following were
added: (2 x 2) ul = 4 ul DNA, (2 x 3) ul =6 ul
PCR Master Mix complete with Taq — mixed well and
(2 x 5) ul =10 ul dH,O. The mixture was mixed well,
then 10 ul of the DNA-PCR master mix was dispensed
and blended into each of the 2 wells of an HLA-B27
typing. The reaction conditions were 1 cycle of 94 °C
for 2 min, followed by 10 cycles of 94 °C for 10 s,
65 °C for 60 s; after that, 20 cycles of 94 °C for 10 s,
61 °C for 50 s and 72 °C for 30 s.

Gel electrophoresis

By melting 1.5 g of agarose in 100 ml of previously
prepared TBE buffer, a 1.5% agarose gel was made.
After being brought to a boil, agarose was allowed
to cool at 45-50 °C. Following the preparation of the
agarose support plate and the fixing of the comb
to create holes for the samples, the gel was poured
into the pour plate. After carefully pouring the gel to
prevent air bubbles, it was allowed to cool down for a
half-hour. From the solid agarose, the comb has been
carefully removed. In the horizontal electrophore-
sis unit, which is represented by the electrophoresis
tank, the plate has been fixed to its support as it has
been secured. To cover the gel surface, TBE buffer
has been added to the tank. To verify the genomic
DNA extraction of all of the isolates that had clear
bands, a gel electrophoresis procedure was carried
out.

Statistical analysis

The data were examined for normality, homogene-
ity, and normal distribution, mean + SE of mean, by
using the IBM SPSS version 28.0. Tests were used
to calculate the probability by ANOVA (Duncan test)
for parametric data. For non-parametric data, Data
were presented in simple measures of frequency per-
centage. The relationship between the variables study
was determined using a Pearson’s correlation. Fur-
thermore, it represented a strong correlation between
the studied groups under the biological treatment and
Pain relievers of the three studied groups to parame-
ters of the AS.
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Table 1. Demographic characteristics of Iragi AS patients.

Characteristics AS Patients
Sex
Males 158 (81.9%)
Female 35 (18.1%)
Age
(17-26) 29 (15%)
(27-36) 67 (34.7%)
(37-46) 57 (29.5%)
(47-56) 36 (18.7%)
(57-66) 4 (2.1%)
Smoking
Yes 89 (46.1%)
No 104 (53.9%)
BMI (Kg/m2)
Underweight (Mild thinness) 3 (1.6%)

48 (24.9%)
68 (35.2%)
53 (27.5%)

Normal range
Overweight (Pre-obese)
Obese (Class I)

Obese (Class II) 12 (6.2%)
Obese (Class III) 9 (4.7%)
Medical history
Non 180 (93.3%)
Reactive arthritis 7 (3.6%)
Psoriasis 5 (2.6%)
Crohn’s disease 1 (0.5%)
Family history
Non 124 (64.2%)
AS 46 (23.8%)
Reactive arthritis 15 (7.8%)
Psoriasis 7 (3.6%)
SLE 1 (0.5%)
COVID-19

Not Infected
Past infected
COVID-19 Vaccine

Non 92 (47.7%)

120 (62.2%)
73 (37.8%)

Pfizer 71 (36.8%)

Sinopharm 24 (12.4%)

AstraZeneca 6 (3.1%)
NSAIDs

Yes 81 (42%)

No 112 (58%)
Analgesic

Yes 30 (15.5%)

No 163 (84.5%)

Results and discussion

Inflammation of the axial spine, peripheral joints,
and enthuses are the hallmarks of AS, a persistent
form of immune-mediated arthritis. The AS disease
is a significant problem in terms of both healthcare
and the economy, as it is believed that one out of
every two hundred persons is impacted by it.'° De-
mographic and clinical features of 193 patients of
AS were collected at the rheumatology unit of Bagh-
dad Teaching Hospital were listed in Table 1. 158
(81.9%) of the study’s participants were men, a sig-
nificant proportion when compared to the number
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of female participants during the data collection pe-
riod. In comparison, the percentage of women was 35
(18.1%), and this agrees a previous study conducted
in Baghdad by Salloom.?’ These outcomes are sim-
ilar to those of Turkey’s national registers,?' where
males constituted 76% of the study population. While
the study was conducted on Chinese AS patients, the
results did not agree with the current study, as the
male infection rate was (58.7%).2? The ethnic origin
of the patients with AS that we observed in our study
of the Iraqi population; this could account for the
variation in disease severity across the sexes in other
studies. AS occurs frequently in young and middle-
aged adults, and our study shows the largest cohort
of Iraqi AS patients (27-36) years, which constituted
34% younger than what was reported in previous
studies (>25 years).?®> This might be because this
study consists of a relatively high percentage of pa-
tients with an older age at onset (> 27 years).

On the other hand smoking cigarettes is linked to a
lot of different diseases, and healthcare professionals
all over the world are very interested in this issue. It
also affects both innate and adaptive defense. It can
be dysregulating immunity in two ways: it can either
make pathogen-fighting immune response hyperacti-
vation or make protective immunity weaker.?* Some
studies show that smoking makes the disease more
severe, 2> but the mechanism is still not clear.?® The
results for the patients were approximate between
smokers and non-smokers (46.1 and 53.9, respec-
tively). Low back pain and degenerative diseases of
the spine are more common in people who smoke,
which may be one of the bad effects of smoking
on AS patients.?” The study showed that smoking
is not related to the disease, as the results showed
that there is no relationship between smokers and
non-smokers for people with AS compared to healthy
people.?® The widely held opinion is that halting
smoking is a necessary first step in reducing the ac-
tivity of the disease and that additional research is
required.

Overweight patients made up 68 (35.2%) of
the patient groups with the highest BMI percentage,
conversely, the study’s lowest percentage belonged to
the underweight and obese Class III group and these
outcomes accept with research done on Chinese
patientsWhile the highest percentage of BMI for
patient groups was overweight, which constituted
68 (35.2%), in contrast, underweight and obese
Class III was the type with the lowest percentage
in the study, and these results agree with a study
conducted on Chinese patients,?’ this suggests that
weight management, to maintain it at a normal level,
should be one of the disease management strategies
in patients with AS.

BAGHDAD SCIENCE JOURNAL 2025;22(9):2965-2974

The medical history of AS patients constituted the
largest percentage of patients without a history of
immunological disease (93.3%), which indicates that
there is no relationship between AS and other im-
mune diseases. A positive family history was defined
as having a first or second-degree relative with AS.
The study showed that there is a significant statistical
relationship between patients in terms of family his-
tory of AS. Another study reported a positive family
history in 53% of cases.*° Blood relationships may
play a role in these results. Consanguineous marriage
is a common feature of family systems in the Middle
East, Central, South, and West Asia. 3!

The percentage of patients with AS who had pre-
viously had COVID-19 was 73 (37.8%), according
to the cross-sectional study conducted at Baghdad
Teaching Hospital in the Rheumatology Unit on Iraqi
patients. The study proved that there is no relation-
ship between disease AS and infection with disease
COVID-19. As for the COVID-19 vaccine, the result for
patients who did not receive the COVID-19 vaccine
was 92 (47.7%). The study also proved that there is
no relationship between the COVID-19 vaccine and
AS. In another study, only one case of axSpA caused
by SARS-CoV-2 infection has been stated.>? Several
cases of acute reactive arthritis have been reported
in the recent literature, though, after the symptoms
of COVID-19 disappeared.>® Virus-induced arthritis
is thought to be caused by several different processes
that start when immune complexes enter and form in
the joint areas. That excludes arthralgia and arthritis
as possible causes.** The impact of COVID-19 on AS
patients may come after some time, as well as the long
period of receiving cortisone treatments. The impact
of the coronavirus (COVID-19) on AS patients is being
proved by further research and a larger number of
patients than the current study.

Several laboratory markers, including CRP, were
used to evaluate the severity of the disease were listed
in Table 2. The comparison of the means of CRP
among the three study groups revealed that the newly
diagnosed group had a mean of 21.17 + 5.03, the
patients treated with the etanercept group had a mean
of 7.60 £ 0.69, and the newly diagnosed group had a
mean of 21.17 4+ 5.03 compared to the control group,
which had a mean of 4.60 £ 0.50. These findings were
highly significant because the P-value was smaller
than 0.01. The results of the current study appeared
similar to Beyazal et al. > This increase in markers in
AS patients suggests their potential use in monitoring
AS. On the other hand, a comparison of the mean
ESR values across the three groups revealed that the
newly diagnosed group had a significantly higher
ESR 25.83 + 3.28 compared to the patients treated
with the etanercept group 13.73 + 1.83. The newly
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Table 2. Estimation of the mean values of inflammatory markers in three study groups.

Parameter New-diagnosed group  Etanercept group  Control group P. Value
CRP mean =+ SE (mg/dl)  21.17 + 5.03 7.60 + 0.69 4.60 + 0.50 H.S
ESR mean + SE (mm/hr) 25.83 + 3.28 13.73 £1.83 4.60 £+ 0.05 H.S

CRP: C-reactive protein, ESR: erythrocyte sedimentation. The quantity data are given as mean =+ SE.
P-value < 0.01: highly significant (H.S).

Table 3. Estimation of the mean values of parameters in individuals newly diagnosed and treated with
etanercept for AS patients and the control group.

Parameter New-diagnosed group  Etanercept group  Control group P. Value
IL-33 mean =+ SE (pg/ml) 82.84 + 3.59 55.91 + 2.11 37.32 £ 1.69 H.S
sST2 mean + SE (pg/ml) 165.62 + 8.92 78.82 + 5.84 48.01 £+ 2.11 H.S

IL-33: interleukin-33, sST2: soluble human stromelysin-2. The quantity data are given as mean =+ SE.
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P-value < 0.01: highly significant (H.S).

diagnosed group had a significantly higher ESR
4.60 + 0.05 compared to the control group, with
highly significant results. These statistics agreed with
the results conducted by Al Hafidh in a previous study
for AS patients,®® which proves that a high level
of ESR is related to the severity of AS. Therefore,
ESR and CRP are nowadays of important value for
monitoring this disease. However, these are not satis-
factory due to their low sensitivity and specificity. >’

The mean serum IL-33 level in the AS patients with
a new diagnosis of AS patients (82.84 + 3.59) com-
pared to those taking the etanercept drug (55.91 +
2.11) were highly significantly different (P < 0.01).
In addition, the mean IL-33 level in AS patients
among newly diagnosed (82.84 + 3.59) compared
with the control group (37.32 £ 1.69) were highly
significantly different were listed in Table 3. As for
the difference between patients receiving the biolog-
ical treatment (etanercept) and the control group, it
was noted that the difference between the concentra-
tions was slight, and this shows that the biological
treatment has a positive effect on AS patients. The
IL-33 levels are increased in the sera of AS patients
when compared with healthy controls and positively
correlate with disease activity.® The study reported
by Li et al.*® agrees with our result and shows a
highly significant difference in IL-33 in patients with
AS compared to the control group. While the study
conducted by Ulusoy et al.>’ shows that there is no
relationship in serum IL-33 levels between patients
with AS and healthy controls, which disagrees with
the results of the study we conducted. The reason for
the difference between the results may be due to the
nature of the geographical and genetic distribution
between the studies. Variation in serum IL-33 levels
can partly reflect disease activity and suggest that
IL-33 may play an important role in the pathogen-
esis of AS. In our study, serum IL-33 levels were
different between AS patients and healthy groups;

that may be due to the small sample size in this
study. Another possibility is that about half of our
AS patients were receiving anti-TNF-« therapy (etan-
ercept), so serum IL-33 levels may have decreased to
near-normal levels. This assumption can be supported
by published data indicating decreased serum IL-33
levels after anti-TNF treatment in psoriasis and ulcer-
ative colitis, as well as in patients with rheumatoid
arthritis. *°

On another side, suppression of tumorigenicity 2
(ST2) is a member of the IL-1 receptor family, also
known as IL1RL1 was an orphan receptor that was
studied in the context of inflammatory and autoim-
mune disease.*’ Our result found that the mean
serum sST2 level results were highly significant with
newly diagnosed patients (165.62 + 8.92) compared
to patients treated with etanercept drug (78.82 +
5.84) results were highly significantly different
(P < 0.01). Also, the mean sST2 level in AS patients
among newly diagnosed (165.62 + 8.92) compared
with the control group (48.01 + 2.11) was highly
significant. As for the difference between patients
receiving the biological treatment (etanercept) and
the control group, it was noted that the difference
between the concentrations was slight, and this in-
dicates that the etanercept drug has a positive effect
on AS patients, as shown in Table 3. Our results
found that the concentration of sST2 was measured
in the three study groups, and it was observed that
the concentration of sST2 was significantly higher
in newly diagnosed patients compared to patients
receiving biological therapy (etanercept) and also in
the control group. As for the difference between pa-
tients receiving biological treatment (etanercept) and
the control group, it was noted that the difference
between the concentrations was slight, and this in-
dicates that the etanercept drug has a positive effect
on AS patients. The sST2 significantly increased in
AS patients compared to the control group, similar
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Fig. 1. Gel electrophoresis showing HLAB-27 specific band with a molecular ladder, positive control band 515bp and 430bp (all samples);

negative sample (samples 1 and 2); positive sample (samples 3 and 4).

to the study conducted in 2013.°® In contrast, there
was another study conducted in Korea on patients
with another immune disease, which is Behcet’s dis-
ease, where the level of sST2 in the patients was
higher than that of healthy control.*? These studies
showed that serum sST2 levels can partially reflect
disease activity and may play an important role in
the pathogenesis of AS. These findings indicate that
IL-33 and sST2 play an important role in the patho-
genesis of AS. Previous research found that levels of
ST2 were much higher in people with AS compared
to healthy people. These levels were also strongly
linked to the Bath AS disease activity index. The sST2
values were linked to C-reactive protein, erythrocyte
sedimentation rate, and HLAB-27. Higher amounts of
sST2 were found in people with peripheral arthri-
tis, and sST2 levels were higher in people with hip
involvement. 38

HLA-B27 allele showed an association with AS, and
spondyloarthropathy plays a major role in disease
pathogenesis and has an association with HLAB27
antigen in 90-95% of patients with SpA.“® The pres-
ence of both 149bp and 95bp among newly diagnosed
and specific bands, as well as 515bp and 430bp con-
trol bands on the 1.5% agarose gel, was indicative
of the presence of a particular allele positive for hu-
man leukocyte antigen-B27 as in Fig. 1. The HLA-B27

was positive in 18 (60%) of newly diagnosed AS
patients while negative in 12 (40%) compared to a
control group as shown in Table 4. Current results
do not agree with the Iranian study of an HLA-B27
prevalence of (73%),** which may be due to a more
comprehensive sample size containing a wide ethnic
background and geographic variation.

Indicative of the presence of human leukocyte
antigen-B27 specific allele positive was the presence
of both 145bp and 95bp among patients treated with
etanercept, specific band, as well as 515bp and 430bp
control band on the 1.5% agarose gel as in Fig. 2.
The HLA-B27 was positive in 22 (73.3%) etanercept
treatment with etanercept AS patients while negative
in 8 (26.7%) compared to a control group as shown
in Table 4. The finding is also similar to other various
studies. 4>4°

A negative human leukocyte antigen-B27 specific
allele was suggested by the absence of both 145bp
and 95bp within the apparent control group, which
consisted of 515bp and 430bp control bands on the
1.5% agarose gel as in Fig. 3. The HLA-B27 was
positive in 0 (0.0%) while negative in 30 (100%)
compared to the control group as shown in Table 4.
In this study, the healthy subjects were found neg-
ative for the HLA-B27 allele in Iraqi patients. The
current result does not agree with the Nessa et al.*”

Table 4. The HLA-B27 number and percentage of newly diagnosed, treated with etanercept

AS patients and healthy control groups.

HLA-B27 Newly diagnosis group

etanercept drug group

Healthy control group

18 (60.0%)
12 (40.0%)

Positive
Negative

22 (73.3%)
8 (26.7%)

0 (0.00%)
30 (100.0%)
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Fig. 2. Gel electrophoresis showing HLAB-27 specific band with a molecular ladder, positive control band 515bp and 430bp (all samples);

negative sample (samples 1 and 3); positive sample (samples 2 and 4).
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Fig. 3. Gel electrophoresis showing HLAB-27 specific band with molecular ladder, positive control band 515bp and 430bp (all samples);

negative sample (all samples).

study observed that 4% (4/25) of the healthy subjects
were found positive for the HLA-B27 allele. Also, the
prevalence of HLA-B27 among healthy individuals
was found to be 18-50% in American Indians, 2-6%
in Southern Europe, 6-8% in Pakistanis, 2-6% in
Indians, 1% in Japanese, and 1% in Africans, 10.7%
in Bangladeshians. *®

It was previously thought that HLA-B*27 had a pre-
disposition toward familial association, a pathogenic
involvement in the development of AS, and a role
in antigen presentation.“® There are very few in-
vestigations on the relationship between HLA-B*27
and AS in the Indian population, and previous stud-
ies found a wide range of frequencies, from 18%
to 94%.°°

Conclusion

The AS disease can be better understood and
treated in Iraqi patients by using PCR-SSP techniques
as a quick diagnostic marker. Identifying the HLAB 27
type at the start of the disease is essential for initiating
the appropriate medication. In addition, serum IL-33
and sST2 levels were significantly higher in newly
diagnosed AS patients and those receiving biologic
treatment compared to the healthy control group.
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