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Immunoregulatory Effects of IL-37 and IL-38 on Intestinal Inflammation in Celiac Disease
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Abstract. In people who are genetically predisposed, gluten consumption causes celiac disease, a chronic immune-
mediated condition that results in ongoing inflammation and damage to the mucosa of the small intestine. In addition
to measuring important inflammatory markers (IL-6, TNF-a, and CRP) and their correlation with anti-inflammatory
cytokines, this study sought to explore the immunoregulatory roles of IL-37 and IL-38 in intestinal inflammation in
individuals with celiac disease. Forty healthy controls and fifty celiac disease patients participated in the study.
Standard laboratory techniques were used to measure the levels of serum cytokines. The findings showed that patients
had considerably higher levels of CRP, TNF-q, and IL-6 than controls, indicating an active inflammatory condition.
Additionally, patients' levels of IL-37 and IL-38 were markedly elevated, indicating a compensatory
immunoregulatory response to persistent intestinal inflammation. Regression analysis showed that IL-6 and TNF-a
were positive predictors of disease activity, while IL-37 and IL-38 were negative regulatory factors. Correlation
analysis showed positive relationships between pro-inflammatory and anti-inflammatory cytokines. The results
indicate that IL-37 and IL-38 may have significant immunoregulatory functions in controlling intestinal inflammation
in celiac disease. A complex immunological network that aids in the onset and progression of disease is reflected in
the imbalance between pro-inflammatory and anti-inflammatory cytokines.
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1. Introduction

In genetically vulnerable people, especially those with the HLA-DQ2 and HLA-DQS8 haplotypes, dietary gluten
consumption causes celiac disease, a chronic immune-mediated enteropathy. Malabsorption, crypt hyperplasia, villous
atrophy, and ongoing inflammation of the small intestine mucosa are its hallmarks. According to available data, celiac
disease is a systemic immune-mediated syndrome caused by a complex interplay of genetic, environmental, and
immunological variables rather than only a gastrointestinal disorder [1][2].

A Thl-skewed immune response is the main mechanism behind the immunopathogenesis of celiac disease. Following
deamidation by tissue transglutaminase, gluten-derived peptides activate CD4+ T cells, which then release pro-
inflammatory cytokines. Important inflammatory mediators that increase mucosal inflammation, compromise the
integrity of the epithelial barrier, and cause villous atrophy include TNF-a, IL-6, IFN-y, and IL-17. Intestinal damage
and disease activity have been repeatedly linked to elevated levels of these cytokines [3][4].

A well-known systemic biomarker of inflammation, CRP is an acute-phase protein that is mainly generated by IL-6.
It has been demonstrated to correlate with the inflammatory load in autoimmune and gastrointestinal illnesses,
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including celiac disease. Its rise is indicative of a systemic inflammatory response and continuous immune activation
outside of the intestinal mucosa [5][6].

Anti-inflammatory cytokines that control immunological homeostasis have received more attention in recent years.
Members of the IL-1 cytokine family, IL-37 and IL-38, are new immunoregulatory mediators that have strong anti-
inflammatory effects. While IL-38 modifies IL-1 receptor signaling and attenuates inflammatory pathways, 1L-37
lowers innate and adaptive immune responses by downregulating pro-inflammatory cytokine production. These
cytokines are thought to be essential parts of the natural systems that prevent over-activation of the immune system

(71(8].

According to recent studies, the immune response in celiac disease involves a dynamic equilibrium between pro-
inflammatory and anti-inflammatory mediators rather than being unidirectional. Exposure to gluten causes T
lymphocytes and dendritic cells to become activated, which triggers cytokine cascades that exacerbate gut
inflammation. In order to prevent tissue damage and restore immunological balance, regulatory cytokines may be
increased concurrently [9][10].

There are relatively few immunological investigations examining cytokine profiles in patients with celiac disease in
Iraq, despite the condition's growing recognition in clinical practice. Knowing how inflammatory and regulatory
cytokines are balanced in Iraqi patients may help develop prospective immunological biomarkers that are pertinent to
local populations and offer important insights into the behavior of the disease.

Therefore, the objective of this study was to measure serum levels of TNF-a, CRP, and IL-6, as well as to examine the
immunoregulatory functions of IL-37 and IL-38 in intestinal inflammation in Iraqi patients with celiac disease in
comparison to healthy controls, as well as to evaluate their correlations and predictive value in disease activity.

1.2 Materials and Methods
1.2.1 Sample Collection

This study was conducted in Diyala Governorate, Iraq, during the period from January 2025 to March 2026. A total
of 90 blood samples were included in this study, comprising 50 samples obtained from patients diagnosed with celiac
disease and 40 samples from apparently healthy individuals who served as a control group for comparison.

The patients were clinically diagnosed with celiac disease based on established diagnostic criteria, while the healthy
controls had no history of autoimmune or inflammatory disorders. Blood samples were collected from participants
attending Baqubah Teaching Hospital and specialized laboratories across Diyala Governorate. Informed consent was
obtained from all participants prior to sample collection, in accordance with ethical research standards.

Approximately 6 mL of venous blood was drawn from each participant and transferred into gel tubes. The samples
were allowed to clot at room temperature for 10-30 minutes, followed by centrifugation at 3000 rpm for 5 minutes to
obtain serum. The separated serum was then carefully collected and stored under appropriate conditions until further
analysis.

1.2.2 Sample Measurements

Serum levels of C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), interleukin-37
(IL-37), and interleukin-38 (IL-38) were quantitatively measured in both celiac disease patients and healthy controls.
The measurements were performed using the sandwich Enzyme-Linked Immunosorbent Assay (ELISA) technique,
following the manufacturer’s instructions provided with the commercially available kits (Biotech Company). All
assays were conducted according to standardized laboratory protocols to ensure accuracy and reproducibility of the
results.
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1.2.3 Statistical Analysis

The Statistical Package for the Social Sciences (SPSS), version 2023, was used to analyze the data. While categorical
data were shown as frequencies and percentages, continuous variables were reported as mean + standard deviation
(SD) or mean =+ standard error (SE). The independent samples t-test was used to evaluate differences between the
patient and control groups. Cohen's d was used to assess the effect size, and when necessary, 95% confidence intervals
(CI) were computed.

The correlations between the variables under study were evaluated using Pearson's correlation coefficient (r). The
predictive value of independent variables was assessed using multiple linear regression analysis, and the results were
presented as beta coefficients (B) with standard errors. Statistical significance was defined as a p-value of less than
0.05.

1.4 Results

Table 1 shows no significant difference in age between the patient and control groups, where the mean + standard
error was 37.2 + 7.1 years in patients compared to 36 & 6.9 years in controls (NS). There was also no notable difference
in sex distribution, with males accounting for 36% vs 35% and females 64% vs 65% in patients and controls,
respectively.

Table 1: Demographic characteristics of study groups
Variable Patients (n=50) Controls (n=40) Probability
Age mean + SE (Years) 37.247.1 36+6.9 NS
3 18(36%) 14(35%)
Sex frequency (%) Q 32(64%) 26(65%) -
Total 50(100%) 40(100%)

NS: Non-Significant.

Additionally, Table 2 demonstrates a significant difference in IL-6 levels between patients and controls, with a mean
+ standard deviation of 18.5 + 9.2 pg/mL for patients and 4.8 = 2.1 pg/mL for controls (P > 0.001, d = 2.10). TNF-a
likewise showed a significant difference, with values of 22.4 + 11.6 pg/mL in patients and 6.1 £+ 2.7 pg/mL in controls
(P>0.001, d =1.95). CRP levels also differed significantly, with patients having 8.6 + 4.3 mg/L and controls having
1.9+ 0.8 mg/L (P> 0.001, d =2.30).

Table 2: Pro-inflammatory markers and effect size analysis

Parameter Me.an =SD 95% CI (patients) | Cohen'sd P-value
Patients Control

IL-6 (Pg/mL) 18.549.2 4.842.1 2.10 15.9-21.1 >(0.001

TNF-a (Pg/mL) 22.4+11.6 6.1+£2.7 1.95 19.1-25.7 >0.001

CRP (mg/L) 8.6+4.3 1.9+0.8 2.30 7.4-9.8 >0.001

Table 3 demonstrates a significant difference in IL-37 levels between patients and controls, with mean + standard
deviation of 268 + 185 pg/mL in patients versus 82 + 36 pg/mL in controls (P > 0.001, d = 1.20). A significant
difference was also found in IL-38, where levels were 185 + 95 pg/mL in patients compared to 92 + 28 pg/mL in
controls (P> 0.01, d = 0.95).

Table 3: Immuno-regulatory cytokines and effect size
Patients (Mean =+ | Controls (Mean =+

. 0 . g
Cytokine SD) SD) 95% CI Effect size (d) P-value
IL-37 (pg/mL) 268+185 82+36 217-319 1.20 >0.001
IL-38 (pg/mL) 185495 92428 158-212 0.95 >0.01

IL-37 and IL-6 (r =0.62, P> 0.001) and IL-38 and TNF-a (r = 0.58, P> 0.001) are significantly positively correlated,
according to Table 4. Furthermore, IL-37 and CRP (r = 0.55, P > 0.001) and IL-37 and IL-38 (r = 0.71, P> 0.001)
were found to have a strong positive connection.
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Table 4: Correlatien Analysis (spearman/pearson r)
Relationship Correlatien (r) Interpretation P-value
1L-37 with IL-6 +0.62 Moderat positive >0.001
1L-38 with TNF-a +0.58 Moderat positive >0.001
IL-37with CRP +0.55 Moderat positive >0.001
1L-37 with 1L-38 +0.71 Strong postive >0.001

According to Table 5, the regression coefficient for IL-6 is p =+0.42 with a standard error of 0.08 (P> 0.001), whereas
the regression coefficient for TNF-a is f = +0.39 with a standard error of 0.07 (P > 0.001). On the other hand, IL-38
has B = -0.22 with a standard error of 0.08 (P = 0.01) while IL-37 has a coefficient of § = -0.28 with a standard error
0f 0.09 (P =0.004).

Table 5: Mutivuriate regression analysis (dependent variable:CRP)

Predictor B coefficient Standard error p-value Interpretation

IL-6 +0.42 0.08 >0.001 Proinflammatory driver
TNF-a +0.39 0.07 >0.001 Proinflammatory driver
1L-37 -0.28 0.09 0.004 Anti-inflammatory effect
1L-38 -0.22 0.08 0.01 Anti-inflammatory effect

1.5 Discussion

Pro-inflammatory cytokines (IL-6, TNF-a, and CRP) were found to be considerably higher in celiac disease patients
than in healthy controls. These results are in line with the existing view of celiac disease as an immunological-mediated
condition that is mainly caused by the production of various inflammatory mediators and Thl-mediated immune
activation. According to recent research, TNF-a and IL-6 are key players in intestinal inflammation because they
activate immune cells, increase epithelial permeability, and cause mucosal damage in the small intestine [11][12].
Furthermore, as CRP is a well-known acute-phase protein that is mostly generated by IL-6 signaling, elevated CRP
indicates systemic inflammatory activity [13].

Recent studies showing that gluten exposure causes mucosal immune cells to quickly release inflammatory cytokines,
resulting in both local and systemic inflammation, supports these conclusions. According to a recent analysis, even in
asymptomatic forms of celiac disease, IL-21, IFN-y, and TNF-a work together to enhance inflammatory responses
and cause ongoing mucosal damage [14].

However, the current investigation showed that patients had far higher levels of anti-inflammatory cytokines (IL-37
and IL-38) than controls. This might be seen as a compensating regulatory system designed to reduce excessive
inflammation. It is known that IL-37 is a powerful suppressor of both innate and adaptive immune responses,
preventing the activation of immune cells and lowering the production of pro-inflammatory cytokines like TNF-o and
IL-6. In a similar vein, IL-38 reduces tissue inflammation by modifying inflammatory pathways, especially those
associated with the IL-1 family [15][16].

According to recent studies, IL-38 is elevated in a number of autoimmune diseases, including inflammatory bowel
disorders, where it supports its immunoregulatory function by reducing tissue damage and suppressing the production
of TNF-a and IL-1P [16]. This is in line with recent research, which indicates that elevated IL-38 might be an immune
system attempt to offset persistent inflammation.

Significant positive correlations between inflammatory and anti-inflammatory cytokines, such as IL-37 with IL-6, IL-
38 with TNF-q, and a substantial link between IL-37 and IL-38, were found by correlation analysis in the current
study. These results suggest that immune responses in celiac disease entail a complicated dynamic interaction between
pro-inflammatory and regulatory mechanisms rather than being unidirectional. Anti-inflammatory cytokine
overexpression most likely results from a negative feedback mechanism triggered by persistent inflammation [17].

Regression analysis also showed that TNF-a and IL-6 are positive predictors while IL-37 and IL-38 are negative
predictors, emphasizing their conflicting biological roles. This lends credence to the idea that the balance between
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inflammatory and regulatory cytokines determines the severity of celiac disease, and that disruption of this balance
leads to long-term mucosal damage [18][19][20][21].

Celiac disease is caused mechanistically when gluten-derived peptides pass through the intestinal epithelium and are
altered by tissue transglutaminase, which increases their ability to bind to HLA-DQ2/DQ8 molecules. This causes
villous atrophy and persistent inflammation by activating CD4+ T cells and releasing pro-inflammatory cytokines
such IL-6, TNF-a, and IFN-y. On the other hand, as a compensatory reaction to reduce tissue damage, regulatory
cytokines including IL-37 and IL-38 are produced [11][22][23][24].

There are several limitations on this study. The results may not be as broadly applicable as they could be due to the
tiny sample size. Additionally, the cross-sectional design merely allows connections to be established rather than
causal correlations. Furthermore, adherence to a gluten-free diet was not rigorously measured, which could have
affected cytokine levels. Additionally, there was no histological association with intestinal biopsy results in the study,
which could have improved the interpretation of immune markers. Lastly, there was insufficient control over potential
confounders such the length of the illness, genetic background, and related autoimmune disorders. It is advised that
larger, longer-term studies be conducted in the future to validate these results.

1.6 Conclusion

The current study shows that pro-inflammatory markers, such as IL-6, TNF-a, and CRP, are much higher in celiac
disease patients than in healthy controls, indicating an active state of systemic inflammation. Anti-inflammatory
cytokines IL-37 and IL-38 were also markedly elevated concurrently, indicating a compensatory immunoregulatory
response to persistent inflammation. A dynamic immunological interplay is shown in the found considerable positive
correlations between pro-inflammatory and anti-inflammatory cytokines; regression analysis identifies IL-6 and TNF-
a as important positive predictors of disease activity and IL-37 and IL-38 as negative modulators. Overall, our results
point to a cytokine imbalance between inflammatory and regulatory pathways as a characteristic of celiac disease,
which may play a role in the development and course of the illness.

References

[1] Lebwohl B, Sanders DS, Green PHR. Celiac disease. The Lancet. 2018;391(10115):70-81. DOI: 10.1016/S0140-
6736(18)31534-7.

[2] Abadie V, Sollid LM, Barreiro LB, Jabri B. Integration of genetic and immunological insights into celiac disease.
Annual Review of Immunology. 2020;38:459-491. DOI: 10.1146/annurev-immunol-042718-041550.

[3] Goel G, King T, Daveson AJ, et al. Cytokine responses in celiac disease following gluten exposure. Clinical and
Experimental Immunology. 2020;202(1):58—66. DOI: 10.1111/cei.13369.

[4] Schuppan D, Junker Y, Barisani D. Celiac disease: from pathogenesis to novel therapies. Gastroenterology.
2022;162(3):749-763. DOI: 10.1053/j.gastro.2022.03.021.

[5] Shalimar S, et al. Immune activation and cytokine profile in celiac disease. Alimentary Pharmacology &
Therapeutics. 2021;53(4):423-432. DOI: 10.1111/apt.16452.

[6] Fasano A, Catassi C. Celiac disease: clinical features and diagnosis. New England Journal of Medicine.
2021;384(12):1155-1165. DOI: 10.1056/NEJMra1900863.

[7] Dinarello CA, et al. Interleukin-37 and interleukin-38 in inflammation. Nature Reviews Immunology.
2016;16(12):731-743. DOI: 10.1038/nri.2016.6.

[8] van de Veerdonk FL, et al. IL-38 as a regulator of inflammation. Journal of Immunology. 2020;205(8):2115-2122.
DOI: 10.4049/jimmunol.2000354.

[9] Jabri B, Sollid LM. T cells in celiac disease. Nature Reviews Immunology. 2017;17(9):553-565. DOI:
10.1038/nri.2017.13.

[10] Zanoni G, et al. Immune regulation in celiac disease. Frontiers in Immunology. 2022;13:880123. DOI:
10.3389/fimmu.2022.880123.

[11] Barone, Maria Vittoria; Auricchio, Renata; Nanayakkara, Merlin; Greco, Luigi; Troncone, Riccardo; Auricchio,
Salvatore. Pivotal Role of Inflammation in Celiac Disease. International Journal of Molecular Sciences, (2022);
23(13), Article 7177. DOI: 10.3390/ijms23137177.

19



NIU Journal of Health Sciences

[12] Shneor Patt, Yonatan; Lahat, Adi; David, Paula; Patt, Chen; Eyade, Rowand; Sharif, Kassem. Unraveling the
Immunopathological Landscape of Celiac Disease: A Comprehensive Review. International Journal of Molecular
Sciences, (2023); 24(20), Article 15482. DOI: 10.3390/ijms242015482.

[13] Lebwohl, Benjamin; Sanders, David S.; Green, Peter H. R. Coeliac disease. The Lancet, (2018); 391(10115), 70—
81. DOI: 10.1016/S0140-6736(17)31796-8.

[14] Camarca, Antonio; et al. Regulatory immune responses in celiac disease. International Journal of Molecular
Sciences, (2023); 24(19), Article 14434. DOI: 10.3390/ijms241914434.

[15] Dinarello, Charles A.; Nold-Petry, Caroline A.; Nold, Mario F. IL-37 and IL-38 in inflammation. Nature Reviews
Immunology, (2016); 16(6), 357-368. DOI: 10.1038/nri.2016.6

[16] Han, et al. IL-38 in autoimmune diseases. Cytokine, (2023); 170, Article 156117. DOI:
10.1016/j.cyt0.2023.156117.

[17] Galipeau, Heather J.; Verdu, Elena F. Microbiota and celiac disease. Mucosal Immunology, (2022); 15, 235—
243.DOI: 10.1038/s41385-021-00479-3.

[18] Jabri, Bana; Sollid, Ludvig M. T cells in celiac disease. Nature Reviews Immunology, (2017); 17(8), 467—478.
DOI: 10.1038/nri.2017.13

[19] Treppiccione, Lorella; et al. Immune regulation in celiac disease. International Reviews of Immunology, (2022);
41(4-5), 436-453. DOI: 10.1080/08830185.2022.2044807.

[20] Przemioslo RT, Kontakou M, Nobili V, Ciclitira PJ. Raised pro-inflammatory cytokines interleukin 6 and tumour
necrosis factor alpha in coeliac disease mucosa detected by immunohistochemistry. Gut. 1994 Oct;35(10):1398-403.
doi: 10.1136/gut.35.10.1398.

[21] Su Z, Tao X. Current Understanding of IL-37 in Human Health and Disease. Front Immunol. 2021 Jun
25;12:696605. doi: 10.3389/fimmu.2021.696605.

[22] Parzanese I, Qehajaj D, Patrinicola F, Aralica M, Chiriva-Internati M, Stifter S, Elli L, Grizzi F. Celiac disease:
From pathophysiology to treatment. World J Gastrointest Pathophysiol. 2017 May 15;8(2):27-38. doi:
10.4291/wjgp.v8.i2.27.

[23] Zhu J, Mulder CJJ, Dicleman LA. Celiac Disease: Against the Grain in Gastroenterology. J Can Assoc
Gastroenterol. 2019 Dec;2(4):161-169. doi: 10.1093/jcag/gwy042.

[24] Al Rasbi Z, Orsud H, Zoughbor SH, Hajar M, Mahboob A and Sadek B (2025) The role of interleukin-37 and
interleukin-38 in the development and remission of autism spectrum disorder: A comprehensive review of
neuroinflammatory mechanisms and potential therapeutic implications. Front. Immunol. 16:1716197. doi:
10.3389/fimmu.2025.1716197.

20



