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Abstract

Serum microRNAs (miRNAs) in patients suffer-
ing from ankylosing spondylitis (AS) have rarely
been studied. This study aims to identify the An-
kylosing spondylitis-specific miRNAs in the sera
of AS patients to correlate miRNA-214 expression
levels at early and late stages of the disease.
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This prospective case-control study included 150 partici-
pants. The classification was based on the interval between
the first spondylo-arthropathic symptom and diagnosis of AS.
Disease activity was assessed using the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and Ankylos-
ing Spondylitis Disease Activity Score with C-reactive pro-
tein (ASDAS-CRP). The patients were then classified into
early and late-diagnosis groups using the axial spondyloar-
thritis classification criteria set by ASAS. Fifty had early-
stage AS, fifty had late-stage AS, and fifty individuals were
healthy. The patient's sex, age, family history, and disease du-
ration were recorded. 3 ml of venous blood was drawn from
each individual to extract RNA and measure the expression
of microRNA-214 by RT-PCR.

In screening for groups, the levels of miRNA-214 expression
were compared between AS patients and a healthy control
group. The patient group's mean level of miRNA-214 was no-
ticeably higher. In particular, the control group's mean
miRNA-214 level was 1.204 + 0.12, while the patients were
2.412 + 0.20. This study also shows that miRNA-214 levels
were significantly higher in early-stage patients than in late-
stage patients (p = 0.0086). Finally, serum miRNA-214 ex-
pression levels were validated in AS patients by qPCR.
Elevated miRNA-214 expression provides valuable insights
into the molecular underpinnings of AS. These findings sug-
gest that miRNA-214 is a significant biomarker for early de-
tection and for differentiating disease stages, which is crucial
for improving patient prognosis and preventing irreversible
structural damage.

Keywords: Ankylosing Spondylitis (AS), miRNA-
214, BASDAI, ASDAS-CRP.
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Introduction

Ankylosing spondylitis (AS) is a chronic in-
flammatory Rheumatism that mostly affects the
axial skeleton. The disease involves a progres-
sive inflammatory process that leads to ossifica-
tion of ligamentous structures, resulting in sig-
nificant physical disability and reduced quality
of life (1).

MicroRNA (miRNA) is an evolutionarily well-
conserved noncoding RNA oligonucleotide.
They act as crucial regulators of post-transcrip-
tional gene expression (2). Over 1000 miRNAs
are encoded in the human genome, affecting
about 60% of all protein-coding genes. (3).
MiRNAs are reported to be present in human se-
rum. Hence, the potential of using these serum
miRs as biomarkers for disease differentiation
warrants exploration (4). miR-214 has emerged
as a promising non-invasive biomarker for early
AS. miR-214 plays a dual role in regulating both
inflammation and the abnormal bone formation
characteristic of (5).

microRNA-214 (miR-214) acts as a biological
regulator of bone metabolism. Its levels fluctu-
ate depending on whether the disease is in an in-
flammatory state—miR-214 Levels Early vs.
Late Stage (6,7). In early AS, the body is often
in a high state of inflammation, driven largely
by IL-17A. Studies have shown that IL-17A
stimulates miR-214 production. High levels of
miR-214 inhibit bone-forming cells (osteo-
blasts) and are transferred to bone-eating cells
(osteoclasts) to ramp up their activity. This ex-
plains why many patients experience osteoporo-
sis early in the disease course (8).

As the disease progresses to the late stage, the
focus shifts to pathological new bone formation
(ankylosis). At the site of the spinal ligaments,

miR-214 is often downregulated. miR-214 nor-
mally acts as an inhibitor of BMP-2 (a potent
bone-growth protein). When miR-214 levels
drop, the BMP-2 signaling pathway goes into
overdrive, causing fibroblasts to transform into
bone-forming cells. This is what creates the
"bamboo spine" appearance on X-rays (9). The
aim of this study is to identify ankylosing spon-
dylitis-specific miRNA in sera of AS patients
and correlate the miRNA-214 expression levels
at an early and late stage of the disease.

Materials & Methods
Study Design

This prospective case-control study enrolled
150 participants: 100 patients diagnosed with
AS, and 50 healthy controls. The diagnosis of
AS was made according to either the new or
modified criteria for diagnosis of AS, or accord-
ing to the axial spondyloarthritis classification
criteria set by ASAS. This qualification was
conducted at the Rheumatology and Rehabilita-
tion Consultation Clinic at the Medical City-
Baghdad/Iraq, between October 2024 and Feb-
ruary 2025. The patient has been interviewed to
collect demographic and clinical data; investiga-
tions have been performed, and consent was ob-
tained from all patients enrolled in the study.
The control group comprised 50 healthy individ-
uals with no history of autoimmune, inflamma-
tory, or bone-related diseases. Controls were age
and sex-matched to the patient group to ensure
comparability.

Inclusion criteria:
Patients aged 18-65 years who met the modified
New York criteria for AS or the Assessment of
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Spondylo-Arthritis  International Society
(ASAS) classification criteria for axial spondy-
loarthritis were eligible, with a disease duration
of >6 months and a stable treatment regimen for

>3 months before enrollment.
Exclusion Criteria

Encompassed active infections within 4 weeks,
malignancies, pregnancy or lactation, concur-
rent autoimmune diseases, recent vaccination
(within 4 weeks), and use of investigational
drugs within 3 months. Patients with significant
hepatic (ALT/AST >2x upper limit of normal)
dysfunction (eGFR <60
mL/min/1.73m?) were also excluded.

or renal

Clinical Assessment

Comprehensive clinical evaluation included de-
mographic data collection, detailed medical his-
tory, and physical examination. Disease activity
was assessed using the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) and
Ankylosing Spondylitis Disease Activity Score
with C-reactive protein (ASDAS-CRP).

Laboratory Investigations

3 ml of peripheral blood samples were collected
in the morning, between 08:00 and 10:00 AM,
after fasting overnight for 12 hours to minimize
circadian variations. Samples were centrifuged
at 3,000 rpm for 15 minutes at 4°C within two
hours of collection, and aliquots were stored at -
80°C until batch. Using miScript systems-based
kits, reverse transcription was performed, fol-
lowed by qPCR for miR expression analysis on
the cDNA template using predefined miScript
PCR primers (Qiagen). A relative quantification
was performed using the miScript system (Qi-
agen) with miR-specific primers for qPCR.
Comparisons from one lab to another are some-
what difficult as no accepted normalizer for
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circulating miRNA exists, for which reason a
synthetic spike-in of cel-miR-39-3p was intro-
duced during the RNA extraction for technical
normalization of Qpcr using published proto-
cols. The conversion of Cycle threshold values
to copy number was based on a standard curve
established by the chemical spike-in control.
Subsequently, the copy number was normalized
to the recovery ratios of cel-miR-39-3p spiking
for accurate quantification. All clinical findings
were verified by rheumatologists. Clinical data
included age, sex, duration of the disease, and
family history of AS.

Early and late-stage ankylosing spondylitis

Age at disease onset was defined as the date of
the first appearance of AS-related symptoms.
These symptoms included Inflammatory Back
Pain (IBP), peripheral symptoms, such as arthri-
tis or enthesitis, and uveitis. IBP was defined ac-
cording to the ASAS criteria. Diagnostic delay
was defined as the duration (years) between
symptom onset and the time of diagnosis. As-
sessments of patients' disease status were made
using the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) and Ankylosing
Spondylitis Disease Activity Score with C-reac-
tive protein (ASDAS-CRP). Inflammatory
markers, including serum C-reactive protein
(CRP) in mg/l and the erythrocyte sedimentation
rate (ESR) in mm/h, were recorded in Table 1.
The patients were then classified into early and
late-stage diagnosis groups based on the median
interval of the diagnostic delay. We compared
multiple clinical parameters between the early
and late diagnosis groups. To identify factors re-
lated to the delayed diagnosis of AS.

Statistical analysis

Comparisons between study groups were con-
ducted using t-tests, and differences in means
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between the two groups were statistically calcu-
lated (at a significance level of P < 0.05). Addi-
tionally, the Statistical Package for the Social
Sciences (SPSS) software—2019 version—was

used to analyze differences (distinctions) among
the various groups regarding the study indica-
tors.

Table 1: Comparison of the factors between groups of patients with AS, early, and late

stages
Factors Early stage < Ilate stage > P value
5 years (n=50) 5 years (n=50)
BASDAI 5.83 £0.22 5.33+0.23 0.128
ASDAS-CRP 23+0.8 1.9+0.7 0.152
ESR (mm/h) 17.82 £1.69 20.76 £1.89 0.250
CRP (mg/l) 5.40 £0.45 5.04 £0.42 0.506
Results:

Participants were male, accounting for 74% of
the sample, while females accounted for 26%.
The highest percentage was in the 30-40-year
age group (43%), and the lowest in the age
group over-50 age group (11%). The distribu-
tion across age groups was statistically signifi-
cant (p <0.01). The findings indicated that 70%

have a family history. The duration of the con-
dition varied among participants. The largest
group had the condition for less than 5 years
(58%), followed by those with 5-10 years (24%)
Table 2.

Table 2: Distribution of the sample study according to sex, Age, Family history,
and Duration of disease

Factor No %
Total =100

Gender Male 74 74.00
Female 26 26.00
Age groups <30 yr. 27 27.00
(year) 30-40 yr. 43 43.00
41-50 19 19.00
>50 yr. 11 11.00
Family his- Yes 70 70.00
tory No 30 30.00
<5 yr. 58 58.00
Duration 5-10 yr. 24 24.00
11-15 yr. 10 10.00
>15 yr. 8 8.00
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Level of miRNA-214 expression in the AS and
control

Compared to the control group, the patient
group's mean miRNA-214 level was noticeably
higher (p<0.001). In particular, the control
group's mean miRNA-214 level was 1.204
+0.12, while the patients' was 2.412 +0.20. The
results of a T-test analysis showed a statistically
significant difference between the two groups,
with a T-test value of 0.591 and a P<0.01. This
finding raises the possibility of a link between
ankylosing spondylitis and increased levels of
miRNA-214, which could indicate a function for
the protein as a biomarker or a role in the path-
ophysiology of the illness, as shown in Table 3.

Level of miRNA-214 expression in the AS
and control

Compared to the control group, the patient
group's mean miRNA-214 level was noticeably
higher (p<0.001). In particular, the control
group's mean miRNA-214 level was 1.204
+0.12, while the patients' was 2.412 +0.20. The
results of a T-test analysis showed a statistically
significant difference between the two groups,
with a T-test value of 0.591 and a P<0.01. This
finding raises the possibility of a link between
ankylosing spondylitis and increased levels of
miRNA-214, which could indicate a function for
the protein as a biomarker or a role in the path-
ophysiology of the illness, as shown in Table 3.

Table 3: Comparison between patients and control groups in miRNA214 expression

Group Means +£SE of miRNA214
Patients 2.412 £0.20
Control 1.204 £0.12

T-test 0.591 **

P-value <0.001

Level of miRNA-214 expression in early and
late stages of AS patients

The study also shows that the level of miRNA-
214 was significantly higher in patients with
early-stage disease than in those with late stage

disease with mean values of 2.939+0.37 and
1.886+0.12, respectively (p=0.0086). This in-
vestigation suggests that miRNA-214 may be a
biomarker for differentiating between the early
and late phases of AS, as shown in Table 4)

Table 4: Comparison between patients with late disease and early disease groups in

miRNA214 expression
Group
Patients/ Late disease
Patients/ early disease
T-test

P-value

Means £SE of miRNA214

1.886 £0.12
2.939 +£0.37
0.779 **
0.0086
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Figure 1: Box plot showing miRNA-214 expression across Controls,
Early, and Late AS

Discussion

The significantly higher levels of miRNA214 in
AS patients suggest its potential role as a diag-
nostic biomarker. Because AS is often difficult
to diagnose in its early stages (sometimes requir-
ing years to confirm via X-ray), identifying mo-
lecular signatures such as miRNA214 is a major
focus of current rheumatology research (10).

In Ankylosing Spondylitis, the primary patho-
logical issues are chronic inflammation and syn-
desmophyte formation (new bone growth that
fuses the spine). miRNA214 is known to regu-
late genes controlling how bone-building cells
function, and the Wnt/B-catenin signaling path-
way, a key pathway that, when dysregulated,
leads to the spinal fusion seen in AS (11). Kinne
et al. reported that various miRNAs, including
the miR-200 family and miR-214, are differen-
tially expressed in the serum of AS patients.
Their findings support the idea that these mole-
cules circulate at higher levels during active dis-
ease states (12). Chen et al. (2019).

Studies of bone metabolism have identified
miRNA-214 as a master regulator of bone cell

cross-talk. Specifically, it has been shown to in-
hibit ATF4, a protein essential for bone for-
mation. High miRNA214 may be a compensa-
tory mechanism or a direct driver of the imbal-
anced bone remodeling seen in the disease (10).
Logue et al. (2021). Compared to healthy indi-
viduals, AS patients frequently exhibit a "pro-
inflammatory miRNA signature (13).

The results indicating a difference in miR-214
expression between early and late-stage Anky-
losing Spondylitis (AS) reflect a critical shift in
the disease's biology from an active inflamma-
tory state to a structural remodeling state (anky-
losis) (14). The late-stage patients likely show
significantly lower levels of miR-214 compared
to early-stage patients. A landmark study pub-
lished in the International Journal of Rheumatic
Diseases found Kook, Hyun Y1, et al. (2019) that
miR-214 is consistently lower in AS patients
than in those with Rheumatoid Arthritis (RA) or
healthy individuals (15). This suggests that
miR-214 is not just a general marker of joint
pain but is specific to the unique bone-forming
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pathology of AS. The most significant finding in
late-stage AS is the role of miR-214 in syn-
desmophyte (bone bridge) formation. A study
by Ding, Lixiang, et al (2021) proved that miR-
214 directly targets and inhibits BMP-2 (Bone
Morphogenetic Protein 2) (16). In early AS,
Higher miR-214 levels keep BMP-2 in check,
preventing rapid bone growth. In Late AS, the
loss or downregulation of miR-214 on the BMP-
TGFP axis. This leads to the pathological over-
growth of bone that eventually causes spinal fu-
sion (16).

Conclusion

Elevated levels of miRNA-214 in patients with
ankylosing spondylitis provide valuable insights
into the molecular underpinnings of the disease.
When viewed alongside the aforementioned re-
search on miRNA-214 and bone metabolism,
these findings open exciting avenues for future
investigation and for understanding and manag-
ing ankylosing spondylitis. In this way, early de-
tection and treatment improve patient prognosis
and prevent irreversible damage from advanced
disease.
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