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ABSTRACT

Background: Celiac disease (CD) is a chronic immune-mediated disorder that is
triggered by gluten ingestion in genetically susceptible individuals. It is characterized
by intestinal inflammation and dysregulation of immune tolerance. This study aimed
to assess the regulatory role of miRNA-31-5P in the expression of FOXP3 in
patients with Iraqgi celiac disease and compare it with that in healthy individuals.
Methods: This case-control study included 60 patients with celiac disease (22
males and 38 females) and 60 healthy controls. The study participants were
recruited between October 2025 and January 2026 from the Al-Yarmouk Teaching
Hospital, Baghdad, Iraq. Serum levels of tTG-IgA and tTG-IgG were quantified using
enzyme-linked immunosorbent assay (ELISA). RNA extraction was then performed.
cDNA synthesis was performed, and Quantitative Real-Time PCR (qRT-PCR) was
used for analysis.

Results: The study showed FOXP3 expression was higher in CD patients than in
controls (4.31 + 0.42 vs. 1.22 + 0.09); however, this difference was not
statistically significant (p > 0.05), and MIR31-5P expression was significantly
reduced in CD patients compared to controls (0.73 = 0.18 vs. 1.16 = 0.09, p <
0.05). Serological analysis revealed markedly elevated levels of tTG-IgA in CD
patients compared to controls (230.09 + 12.29 vs. 5.04 + 0.92, at p < 0.001).
Similarly, tTG-lgG levels were significantly higher in CD patients than in controls
(156.15 = 14.41vs. 7.76 = 2.07, at p < 0.001).

Conclusion: These findings highlight immunological and serological differences
between patients with CD and healthy subjects. Expression of MIR31-5P was
significantly decreased and levels of tTG-IgA and tTG-lgG were greatly increased in
patients with CD compared to those in healthy controls. These results suggest a
crucial role for miRNA-mediated immune regulation in the development of CD.
Keywords: celiac disease, gene expression, MicroRNA, immunity

INTRODUCTION

Celiac disease (CD) is an inflammatory disease of the small intestine
that affects at least 1 % of the world’s population, with increasing
incidence, particularly in children (1). CD is a frequent autoimmune
disorder that is initiated by gluten burden in genetically predisposed
individuals (2). It commonly presents with diverse gastric symptoms
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including diarrhea, malabsorption, and weight loss
resulting from the ingestion of cereals containing
gluten (3). Some patients receive medical attention
with extraintestinal symptomatology, without Gl
complaints, or noted incidentally through screening,
which is triggered by a positive family history (4).
Demographic studies have shown that this widespread
illness is becoming more prevalent worldwide. The
genetic and environmental variables that contribute to
CD pathogenesis are complicated (5). The pathogenesis
of celiac disease is multifactorial and results from
interactions between genetic, environmental, and
immunological factors. Genetic predisposition is highly
concentrated within the presence of HLA-DQ2 and
HLA-DQS8 haplotypes, but the mere presence of these
alleles is not enough to develop the disease, which
suggests that additional molecular mechanisms
participate in disease induction and progression.
Immune dysregulation is a key component in the loss
of tolerance to food antigens (6). Loss of tolerance
toward gluten is central to the pathogenesis of
tolerance toward gluten. The immune tolerance of
dietary antigens under normal conditions is tightly
controlled to prevent the overactivation of inflamma-
tory responses. In patients with celiac disease, this
balance is disturbed, leading to the activation of gluten-
specific CD4 + T lymphocytes and the production of
pro-inflammatory cytokines and autoantibodies such
as anti—tissue transglutaminase (tTG) antibodies.
Immune dysregulation results in chronic inflammation
and mucosal injury (7).

Regulatory T cells (Tregs) are essential mediators
of immune tolerance and play a crucial role in
suppressing excessive immune responses (8). These
cells are necessary for the maintenance of peripheral
tolerance to self- and non-self-antigens such as food
constituents. The transcription factor forkhead box P3
(FOXP3) is essential for Treg cell development, differ-
entiation, and suppressor function (9). Dysfunction
of FOXP3 expression or functions can lead to defec-
tive regulatory T cell function and the occurrence of
autoimmune and inflammatory diseases. MicroRNAs
(miRNAs) are key post-transcriptional gene regulators
that play important roles in immune regulation (10).
Of the immune-related miRNAs, microRNA-31-5P
(miRNA-31) has been reported to be involved in
immunity and inflammatory signaling. It has been
documented that miRNA-31-5P may affect T cell
differentiation and function, and it has been suggested
to be a negative regulator of FOXP3 expression. Based
on this interaction, the abnormal expression of
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miRNA-31-5P may participate in the inhibition of Treg
function and immune bias (11). Celiac subjects from
Irag are understudied at the molecular and immune
level. Thus, exploring miRNA-mediated regulation of
FOXP3 expression in this population could not only
shed light on disease pathogenesis but also provide
insights into the unique immune mechanism in ethnic
Chinese. Consequently, the aim of this study was to
analyze the regulatory effects of miRNA-31-5P on
FOXP3 gene expression in a group of Iraqgi patients
with celiac disease and compare them with a healthy
control group, and to explore the potential role of
miRNA-31-5P as a molecular marker associated with
immune dysregulation.

METHODS

Study Design and Participants

This case-control study was conducted as a case-
control study and among 60 celiac disease (22 males
and 38 females) and 60 healthy controls. The study
groups were recruited from Al-Yarmouk Teaching
Hospital, Baghdad-lrag, in cooperation with the
Institute of Genetic Engineering and Biotechnology for
Postgraduate Studies/University of Baghdad. Celiac
disease was diagnosed based on clinical and serologic
assessments.

Inclusion Criteria

Participants in all age groups diagnosed with celiac
disease were included in the study. The diagnosis was
confirmed by a specialist physician based on clinical
symptoms, positive serological markers (e.g., anti-tTG
IgA), and/or intestinal biopsy results. No specific age
range was set, and both children and adults were
enrolled in the study. For the child participants, written
informed consent was obtained from their legal
guardians. All participants were of Iragi nationality,
residing in Iraq at the time of the study, and had no
recent history of immunosuppressive therapy in the
past three months.

Exclusion Criteria

Exclusion criteria for both the patients and those in
the control group were any history of gastrointestinal
illness, other autoimmune disorders, or associated
chronic inflammatory bowel disease, such as Crohn'’s
disease or ulcerative colitis, as well as forms of chronic
renal and liver diseases or bowel tumors.
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Ethical Considerations

This study was conducted according to the ethical
standards stipulated in the Declaration of Helsinki, and
the study protocol was approved by the Ethics
Committee of the Institute of Genetic Engineering and
Biotechnology for Postgraduate Studies, University of
Baghdad. Written informed consent was obtained
from all participants prior to sample collection. All
procedures were performed in accordance with ethical
standards for human research.

Sample Collection

Venous blood samples (5 mL) were collected
from each participant under aseptic conditions. Two
milliliters were transferred into ethylenediaminete-
traacetic acid (EDTA) tubes for RNA extraction, and 3
mL was placed into gel tubes for serum separation.
Samples were centrifuged at 1500 rpm for 10 min,
labelled, and stored at =20°C until immunological and
molecular analyses.

RNA Extraction

Total RNA was extracted from whole blood samples
using a TransZol Up Plus RNA kit (TransGen Biotech,
China). For each sample, 250 pL of EDTA blood was
mixed with 750 pyL of TRIzol reagent in a sterile
Eppendorf tube to initiate cell lysis and stabilize the
RNA. The lysed samples were stored at -20°C until
extraction procedure was performed. RNA was isolated
according to the manufacturer’s protocol. RNA concen-
tration and purity were assessed using a NanoDrop
2000c spectrophotometer, and all samples showed
acceptable A260/A280 ratios within the recommended
purity range.

c¢DNA Synthesis

cDNA was synthesized from the extracted RNA
using the Easy Script® One-Step gDNA Removal

and cDNA Synthesis Super Mix according to the
manufacturer’s instructions. Each reaction was
prepared in a final volume of 20 pL, containing 4 pL
RNA as the template. The reverse transcription
program included the following steps:25°C for 10 min
to remove genomic DNA removal,42°C for 15 min for
reverse transcription and85°C for 5 min to inactivate
the enzyme.

Primers Preparation

Lyophilized primers used for MiRNA31-5P, FOXP3,
and Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were reconstituted in nuclease-free water
according to the manufacturer’s instructions to obtain
100 uM stock solutions. Diluting 10pL of each primer
stock solution in 90pL of nuclease-free water yielded a
working solution with a concentration of 10uM, which
was maintained at (-20°C) until use.

Quantitative Real-Time PCR (qRT-PCR)

Quantitative real-time PCR was performed to
measure the expression levels of MiRNA31-5P and
FOXP3, and GAPDH using the Rotor-Gene Q real-time
PCR system and Trans Start® Top Green gPCR Super
Mix. Each reaction was prepared in a final volume of 20
pL, containing gPCR master mix, primers, nuclease-free
water, and cDNA template. The amplification protocol
consisted of an initial denaturation at 94 °C, followed
by 40 cycles of denaturation at 94°C (denaturation),
annealing at 58°C (annealing), and extension at 72°C
(extension). Melt-curve analysis was performed from
55 °C to 95°C to confirm the specificity of the amplified
products. Primer sequences used in this study are listed
in table 1.

Assessment of tTg-IgA, and tTg IgG

Assessment of anti-tissue transglutaminase anti-
bodies, including tTG-IgA and tTG-IgG, was performed
in all patients with CD and healthy subjects. Serum

Table 1 - Primer sequences used Primer Sequence (5’3’ direction) Primer size bp  Product size bp

for qRT-PCR. FOXP3(Gene Expression)
Foward TCAGGATCTGAGGTCCCAAC ~20bp 191
Reverse AATGGGAGTGAGGTGAGTGG 20 bp
S -
MR31SPFP_ GGCAAGATGCTGGCATAGCTG _21bp 71
miRUGFP. AGAGAAGATTAGCATGGCCCCT 22bp 72
miRNA-universe RP. GCGAGCACAGAATTAATACGAC 22bp
GAPDH-HUQpcrF GGCCTCCAAGGAGTAAGACC ~20bp 164
GAPDH-HU.Qper-R AGGGGTCTACATGGCAACTG 20 bp
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levels of tTG-IgA and tTG-IgG were measured using
commercially available ELISA kits (Fine Test, China)
following the manufacturer’s instructions.

Gene Expression Calculation

Relative expression levels of MiRNA31-5P, FOXP3,
and GAPDH were calculated using the 2*“ method
originally published by Livak and Schmittgen (2001).
Double-delta Ct (threshold cycle) analysis was used to
assess the expression of FOXP3 and miRNA31-5P
genes, in which GAPDH and miRNAU6 were the
housekeeping reference genes. The calculations were
as follows:

ACT = CT target gene — CT of reference gene ... Eq.1
AACT= ACT of each sample — average control ACT Eq. 2
Folding change = 2-AACt .......ccoeeeveeereeeceeeeeae Eq.3

Statistical Analysis

Statistical analyses were performed using SPSS
version 22. Data are presented as mean * standard
deviation (SD). Data normality was assessed prior to
analysis to ensure the appropriateness of the statistical
tests. Differences between groups were evaluated
using the independent sample t-test, and a p-value
< 0.05 was considered statistically significant (12).

RESULTS

Figure 1a shows the FOXP3 fold changes in patients
with celiac disease compared to the control groups.
The results are expressed as (mean + SE). The results
indicated that the mean FOXP3 level in the patient
group was 4.31 + 0.42, compared to the control group

@ < = <

FOXP3 fold mean = SE
(%]
|

1.22 £ 0.09. The results indicated that there were no
statistically significant differences, with a probability
value of p > 0.05.

Figure 1b show FOXP3 fold levels by sex in the two
groups of patients with celiac disease and control
groups. In the patient group, the mean FOXP3 level was
3.91 + 0.66 in males and 4.57 + 0.55 in females, with a
p-value > 0.05. In the control group, the mean FOXP3
level was 1.43 = 0.15 in males and 1.10 + 0.11 in
females, with no statistically significant difference
between the sexes (p > 0.05). Furthermore, comparisons
between patients and controls within each sex showed
no statistically significant differences (p > 0.05) in all
comparisons.

Figure 2a shows the MIR31-5-fold levels in patients
compared with the control group. The results indicated
that the mean MIR31-5 level in the patient group was
0.73 % 0.18, while it was 1.16 * 0.09 in the control
group. The results show that the MIR31-5 level was
lower in patients compared to healthy individuals, and
this difference was statistically significant, as the
p-value was < 0.05.

Figure 2b shows the MIR31-5-fold increase by sex in
the patient and control groups. The results indicated
that the mean MIR31-5 level in the patient group was
0.60 + 0.11 for males and 0.81 + 0.30 for females.
The difference between sexes was not statistically
significant, as the p-value was > 0.05. In the control
group, the mean MIR31-5 level was 1.03 + 0.07 for
males and 1.23 + 0.14 for females, with no statistically
significant difference between the sexes (p-value >
0.05). Furthermore, the comparison between patients
and healthy individuals for each sex showed no
statistically significant differences, as all p-values were
> 0.05.

[=]

FOXP3 according to sex

FOXP3 fold mean + SE

Figure 1 - FOXP3 expression levels (fold change): (a) comparison between CD patients and control group;
(b) comparison between patients and controls according to sex.
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Figure 2 - MIR31-5-fold: (a) comparison between CD patients and the control group;
(b) comparison between patients and controls according to sex.

Figure 3a shows the levels of tTg IgA in patients with
CD compared to those in the control group. The results
indicated that the mean tTg IgA level in the patient
group was 230.09 = 12.29, compared 5.04 + 0.92 in
control group. The results showed a clear increase in
the tTg IgA level in CD patients compared to that in the
control, and this difference was highly statistically
significant, with a p-value < 0.001. Figure 3b shows the
levels of tTg IgA according to sex (female and male) in
the CD patients and control groups. In the patient
group, the mean tTg IgA level was 223.21 + 20.47 for
males and 234.68 + 15.48 for females. The
difference between patients and healthy individuals
within each sex was statistically significant (p < 0.001).
In the control group, the mean tTg IgA level was 8.06 +
2.21 for males and 3.28 *+ 0.55 for females, with a
statistically significant difference between the patients
and healthy individuals (p < 0.001). However, the
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comparison between males and females within each
group showed no statistically significant difference
(p >0.05).

Figure 4a shows tTg 1gG levels in CD patients
compared to those in the control group. The mean tTg
IgG level in the patient group was 156.15 + 14.41, while
in the control group it was 7.76 + 2.07. The results
showed a significant increase in the tTg IgG level in
patients compared to healthy individuals, and this
difference was highly significant (p < 0.001). Figure 4b
shows the tTg IgG levels by sex in the patient and
control groups. In the patient group, the mean tTg IgG
level was 143.34 + 19.68 for males and 164.69 + 20.22
for females. The difference between patients and
controls for each sex was statistically significant
(p<0.001). In the control group, mean tTg IgG level was
4.86 + 1.05 for males and 9.44 + 3.20 for females, with a
statistically significant difference between patients and

[b]
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Figure 3 - Levels of tTg IgA : (a) comparison between CD patients and control group;
(b) comparison between patients and controls according to sex.
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MIR31-5 fold mean + SE

Groups

[=]

MIR31 according to sex

MIR31-5 fold mean = SE

Figure 4 - tTg IgG levels: (a) comparison between CD patients and control group;
(b) comparison between patients and controls according to sex.

control (p <0.001). The comparison between males and
females within each group showed no statistically
significant differences (p > 0.05).

Correlation of Immunological and
Molecular Markers

The correlation analysis results in table 2 showed
significant relationships between several of the studied
immunological and molecular markers in patients with
celiac disease. A significant positive correlation was
found between AGA-IgA and AGA-IgG as well as with
tTG-IgA, tTG-IgG, and FOXP3, indicating that an
increased immune response to gluten is associated
with elevated antibody levels and activation of regula-
tory T cells. tTG-IgA levels also showed a strong positive
correlation with tTG-IgG levels, reflecting the immuno-
logical interrelationship between antibodies associated
with celiac disease. In contrast, negative correlations
were observed between BMI and immunological
markers, particularly tTG-IgA levels. MIR-31-5p showed
a negative correlation only with AGA-IgG, while no
significant correlations were found with the other
markers, which may indicate a limited or indirect
regulatory role in the disease mechanism.

DISCUSSION

The pathogenesis of celiac disease is complex and
involves interplay between genetic, environmental,
and immune factors. Celiac disease can affect
individuals of any age, although the exact triggers
remain unclear. miRNAs play an important role in
post-transcriptional gene regulation and contribute
significantly to immune regulation and disease
development (13). The aim of the present study was to
evaluate the regulatory role of miRNA-31-5P in FOXP3
gene expression in Iragi patients with celiac disease and
to investigate its association with immune regulatory
mechanisms involved in disease pathogenesis.
Assessment of FOXP3 gene expression may provide
insights into regulatory T-cell subsets and immune
homeostasis in celiac disease (14,15).

The findings of the present study can be interpreted
in light of the functional characteristics of FOXP3-
expressing regulatory T cells (Tregs), which represent a
key CD4 + T cell population involved in immune
suppression. Although FOXP3 is a critical transcription
factor associated with Treg suppressive function, the
absence of significant differences between patients
and controls suggests that FOXP3 expression alone may

Table 2 - Correlations of Age, BMI, AGA IgA, AGA IgG, Parameter AGAIgA  AGAlgG tTg IgA tTg IgG FOXP3  MIR31
{Tg lgA, tTg 1gG, FOXP3, apd MIR31 in celiac disease  zgp IgA 1.00 053+ 0.46** 0.30** 032+ 045
tTq IgA 046** 055 100 0.71** 046** 013
tTg 1gG 0.30**  0.50** 071 1.00 0.23* 0.1
FOXP3 0.32**  0.40** 046> | 0.23* 100 017
MIR31 -0.15 -0.24* -0.13 -0.11 -0.17 1.00

* Significant at P < 0.05; ** Significant at p < 0.001
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not fully reflect the functional capacity of regulatory T
cells. This supports previous evidence indicating that
FOXP3* Tregs in celiac disease may be present, but
functionally impaired, particularly in their ability to
suppress gluten-driven immune responses (16). Such
dysfunction, rather than changes in gene expression
levels, may contribute more significantly to disease
pathogenesis. Furthermore, the lack of sex-related
differences in FOXP3 expression suggests that immune
dysregulation in celiac disease is mainly driven by
disease-specific mechanisms rather than by gender-
related immune variations (16,17). The significant
downregulation of miR-31-5P in patients indicated a
potential loss of regulatory control in immune path-
ways. Importantly, emerging evidence suggests that
FOXP3 expression and stability in regulatory T cells are
tightly regulated by miRNA networks, where miRNAs
can modulate Treg differentiation, FOXP3 transcrip-
tional activity, and downstream suppressive signaling
pathways. Therefore, dysregulation of specific miRNAs
may indirectly impair FOXP3-mediated immune
tolerance rather than directly altering FOXP3 gene
expression. miR-31-5P has been implicated in inflam-
matory regulation and its downregulation may
contribute to enhanced immune activation in celiac
disease. In addition, miRNA-mediated disruption of
FOXP3-associated signaling pathways may occur
through modulation of upstream regulators, such as
transcription factors and cytokine signaling cascades
(e.g., IL-2/STATS pathway), which are essential for Treg
stability and function. The absence of sex differences in
miR-31-5P expression further suggests that its dysregu-
lation is primarily driven by disease rather than by
hormonal or sex-related immune variability. This is
consistent with previous evidence that miRNA
alterations in autoimmune diseases reflect intrinsic
immune dysregulation rather than demographic
factors (18).

The present study also demonstrated significant
elevations in tTG and EMA autoantibodies in patients
with CD compared with controls, particularly tTG IgA
(p < 0.001). These findings are consistent with those
of previous studies reporting the high diagnostic
sensitivity and specificity of anti-tTG antibodies in celiac
disease (19-21). Elevated antibody levels have also
been associated with the degree of intestinal villous
atrophy, supporting their role in disease severity
assessment (22). However, some studies have reported
even higher diagnostic accuracy for serological
markers, which may reflect differences in population
characteristics, assay methods, or disease stages
(23,24). The observed antibody responses were similar

Surgery, Gastroenterology and Oncology, 31, 2 Suppl, 2026

in both males and females, suggesting that humoral
immune activation in celiac disease is not strongly
influenced by sex once the disease is established (25,
26). Genetic predisposition also plays a major role in
disease development, particularly HLA-DQ2 and HLA-
DQ8 haplotypes, which increase susceptibility to
gluten-related immune activation (27). Anti-tTG IgG
also demonstrated diagnostic relevance, particularly in
cases of IgA deficiency, consistent with previous studies
showing its usefulness as a complementary serological
marker (28,29). Anti-EMA antibodies are also elevated
in patients, supporting their high diagnostic specificity,
as reported in previous studies (30-33). Regarding sex-
related differences in autoimmune patterns, some
studies have reported a higher prevalence in females,
while others suggest minimal differences between
sexes in disease presentation and autoimmune profiles
(34-36). These inconsistencies may reflect genetic,
environmental, and immunological heterogeneity
across populations (37-39).

CONCLUSION

This study suggests that dysregulation of miRNA-31-
5P may be associated with altered immune regulatory
pathways in lIragi patients with celiac disease,
potentially involving FOXP3-related mechanisms.
Although no significant differences were observed in
FOXP3 gene expression between patients and controls,
its role may be related to functional activity within
mucosal immune regulation rather than changes in
expression levels alone. The observed reduction in
miRNA-31-5P, together with elevated tissue transgluta-
minase (tTG) autoantibodies, may indicate that
immune dysregulation in celiac disease involves
miRNA-associated regulatory mechanisms. However,
these findings should be interpreted with caution as
they reflect associative rather than causal relationships.
Overall, these results highlight the potential impor-
tance of evaluating regulatory miRNAs alongside
FOXP3 in understanding immune responses in celiac
disease, although further large-scale studies are
required to confirm their diagnostic and mechanistic
relevance.
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