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Kratak sadr`aj

Uvod:Uvod: Poreme}aji u metabolizmu homocisteina i imu-
no-inflamatornim putevima mogu doprineti patogenezi 
ulceroznog kolitisa (UK). Metilentetrahidrofolat reduktaza 
(MTHFR) igra centralnu biohemijsku ulogu u remetilaciji 
homocisteina, a njene genetske varijante mogu uticati na 
nizvodne biomarkere kao {to su vitamin D i interleukin-17 
(IL-17). Ova studija je ispitala povezanost tri polimorfizma 
MTHFR (rs110298, rs132981, rs167281) sa podlo`no{}u 
UK, karakteristikama bolesti i povezanim biohemijskim 
markerima.
Metode:Metode: Ukupno je uklju~eno 124 pacijenta sa ulceroznim 
kolitisom i 128 zdravih kontrola. Genotipizacija MTHFR 
SNP-ova je izvr{ena PCR amplifikacijom, a zatim reakci-
jom detekcije ligazom. Serumski 25-hidroksivitamin D je 
meren pomo}u elektrohemiluminiscentnog imunotesta, a 
nivoi IL-17 su kvantifikovani ELISA metodom. Asocijacije 
izme|u MTHFR genotipova, po~etka ulceroznog kolitisa, 
lokacije bolesti, te`ine i biohemijskih markera su statisti~ki 
procenjene.
Rezultati:Rezultati: Svi polimorfizmi su se podudarali sa Hardi-Va-
jnbergovom ravnote`om. Genotip rs110298 GG i genotip 
rs132981 TT bili su zna~ajno ~e{}i kod pacijenata sa ul-
ceroznim kolitisom nego kod kontrolne grupe (P < 0,05), 
dok rs167281 nije pokazao povezanost sa ulceroznim 
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Summary 
Background:Background: Disturbances in homocysteine metabolism 
and immune-inflammatory pathways may contribute 
to the pathogenesis of ulcerative colitis (UC). 
Methylenetetrahydrofolate reductase (MTHFR) plays a 
central biochemical role in homocysteine remethylation, 
and its genetic variants may influence downstream 
biomarkers such as vitamin D and interleukin-17 (IL-17). 
This study examined the associations of three MTHFR 
polymorphisms (rs110298, rs132981, rs167281) with 
UC susceptibility, disease characteristics, and related 
biochemical markers.
Methods:Methods: A total of 124 UC patients and 128 healthy 
controls were enrolled. Genotyping of MTHFR SNPs was 
performed by PCR amplification followed by ligase detec-
tion reaction. Serum 25-hydroxyvitamin D was measured 
using electrochemiluminescence immunoassay, and IL-
17 levels were quantified by ELISA. Associations between 
MTHFR genotypes, UC onset, disease location, severity, 
and biochemical markers were statistically evaluated.
Results:Results: All polymorphisms conformed to Hardy–Weinberg 
equilibrium. The rs110298 GG genotype and rs132981 TT 
genotype were significantly more frequent in UC patients 
than controls (P < 0.05), whereas rs167281 showed no 
association with UC. Both rs110298 and rs132981 were 
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Introduction

Ulcerative colitis (UC) is a chronic, nonspecific 
inflammatory disorder of the colonic mucosa, first 
described by Willks and Moxon in 1875 and later 
designated by Willks and Boas in 1903 (1). Although 
its precise etiology remains unclear, UC is widely 
recognized as a multifactorial disease influenced by 
genetic predisposition, environmental triggers, and 
dysregulated immune responses (2). For genetically 
susceptible individuals, alterations in intestinal mi-
crobiota can induce excessive mucosal immune ac-
tivation, resulting in chronic epithelial injury and in-
flammation. Clinically, UC commonly affects young 
and middle-aged adults and is characterized by 
bloody mucopurulent stool, abdominal pain, diar-
rhea, anemia, and weight loss. UC is also associated 
with extra-intestinal manifestations—including der-
matologic, ocular, and joint involve-ment—and may 
lead to severe complications such as toxic megaco-
lon and colorectal cancer (3, 4).

Homocysteine (Hcy) is a sulfur-containing 
amino acid and a key intermediate in methionine 
metabolism via the transsulfuration and reme-thyla-
tion pathways (5). Although Hcy does not participate 
directly in protein synthesis, it plays an essential role 
in DNA synthesis, methylation reactions, and the 
production of neurotransmitters and phospholipids 
(6). Methylenetetrahydrofolate reductase (MTH-
FR), methionine synthase, and methionine synthase 
reductase are critical enzymes regulating Hcy me-
tabolism. Among the known variants, the MTHFR 
C677T mutation is a major genetic determinant of 
mild to moderate hyperhomocysteinemia (7). Ele-
vated serum Hcy has been consistently reported in 
patients with inflammatory bowel disease (IBD) (8); 
however, the relationship between MTHFR gene 

polymorphisms and UC susceptibility or clinical fea-
tures has not yet been fully elucidated.

Vitamin D and interleukin-17 (IL-17) are also 
important immunomodulators implicated in UC 
pathogenesis. Vitamin D promotes regulatory T-cell 
development and IL-10 secretion, thereby suppress-
ing Th17-mediated IL-17 production. It also directly 
inhibits Th17 differentiation (9). Conversely, IL-17 
is a potent pro-inflammatory cytokine that contrib-
utes to mucosal inflammation in IBD (10). Evidence 
further indicates that polymorphisms in the MTHFR 
gene and the vitamin D receptor may interact with 
dietary folate and vitamin D intake, influencing dis-
ease risk in immune- and inflammation-related con-
ditions (11). However, whether MTHFR polymor-
phisms contribute to UC through altered vitamin D 
and IL-17 homeostasis remains unknown.

In this study, we investigated three single-nu-
cleotide polymorphisms (SNPs) of the MTHFR gene 
(rs110298, rs132981, and rs167281) and evaluat-
ed their associations with UC susceptibility, disease 
location, and severity. We further examined wheth-
er these polymorphisms influence serum vitamin D 
and IL-17 levels in UC patients. Our objective was to 
provide biochemical and genetic evidence to better 
understand the molecular mechanisms underlying 
UC pathogenesis.

Materials and Methods

Research Subjects

A total of 114 patients with confirmed ulce-ra-
tive colitis (UC), with a mean age of 45.65 ± 3.28 
years, were enrolled as the Ulcerative Colitis group. 
The diagnosis of UC was established based on clin-

kolitisom. I rs110298 i rs132981 bili su povezani sa lo-
kacijom i te`inom bolesti ulceroznog kolitisa (P < 0,05). 
Pacijenti sa ulceroznim kolitisom pokazali su zna~ajno 
smanjen nivo vitamina D u serumu i povi{ene nivoe IL-
17 u pore|enju sa kontrolnom grupom (P < 0,05). Va`-
no je napomenuti da su genotipovi rs110298 (AG/GG) i 
rs132981 (TT) bili povezani sa ni`im nivoom vitamina D i 
vi{im koncentracijama IL-17 kod pacijenata sa ulceroznim 
kolitisom (P < 0,05), {to ukazuje na biohemijski efekat 
varijanti MTHFR na inflamatorne i imunomodulatorne 
puteve.
Zaklju~ak:Zaklju~ak: Polimorfizmi MTHFR-a rs110298 i rs132981 
su zna~ajno povezani sa osetljivo{}u na ulcerozni kolitis 
i klini~kim fenotipom i imaju merljive biohemijske efekte 
na nivoe vitamina D i IL-17 u serumu. Ovi nalazi isti~u 
potencijalnu vrednost puteva povezanih sa MTHFR-om 
kao biomarkera za karakterizaciju bolesti i kao mehanis-
ti~kih doprinosa imunolo{koj disregulaciji povezanoj sa 
ulceroznim kolitisom.

Klju~ne re~i: MTHFR, ulcerozni kolitis, genski poli-
morfizam, vitamin D, IL-17, metabolizam homocisteina

linked to UC disease location and severity (P < 0.05). UC 
patients exhibited significantly reduced serum vitamin D 
and elevated IL-17 levels compared with controls (P < 
0.05). Importantly, rs110298 (AG/GG) and rs132981 
(TT) genotypes were associated with lower vitamin D and 
higher IL-17 concentrations in UC patients (P < 0.05), 
indicating a biochemical effect of MTHFR variants on 
inflammatory and immunomodulatory pathways.
Conclusions:Conclusions: MTHFR polymorphisms rs110298 and 
rs132981 are significantly associated with UC susceptibility 
and clinical phenotype and exert measurable biochemical 
effects on serum vitamin D and IL-17 levels. These 
findings highlight the potential value of MTHFR-related 
pathways as biomarkers for disease characterization 
and as mechanistic contributors to UC-related immune 
dysregulation.

Keywords: MTHFR, ulcerative colitis, gene poly-
morphism, vitamin D, IL-17, homocysteine metabolism
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ical presentation, laboratory tests, radiologic assess-
ment, endoscopic findings, and histopathological 
confirmation. Disease classifi-cation, lesion loca-
tion, and severity grading followed the European 
evidence-based consensus on surgery for ulcerative 
colitis.

Additionally, 128 age-matched healthy in-di-
viduals (mean age: 44.69 ± 1.94 years) who under-
went routine physical examinations during the same 
period were recruited as the Control group. After an 
overnight fast of at least 8 hours, 4 mL of peripheral 
venous blood was collected from each participant, 
anticoagulated with ethylenediaminetetraacetic acid 
(EDTA), and stored at –20 °C until further analysis.

Detection of Serum Vitamin D

Serum 25-hydroxyvitamin D concentrations 
were measured using an automated electrochem-
ilu-minescence immunoassay on the Roche E411 
analyzer (Roche Diagnostics, Basel, Switzerland). 
All measurements were performed using commer-
cially available assay kits with appropriate calibration 
curves and internal quality controls. Results were ex-
pressed in ng/mL.

Detection of Serum IL-17

Serum IL-17 levels were quantified using a 
double-antibody sandwich enzyme-linked immu-
no-sorbent assay (ELISA). Briefly, microplate wells 
pre-coated with human anti-IL-17 antibodies served 
as solid-phase capture antibodies. Samples or cal-
ibrators were added, followed by incubation with 
horseradish peroxidase (HRP)-conjugated detec-
tion antibodies. After washing, tetramethylbenzidine 
(TMB) substrate was added for color development, 
and the reaction was stopped with sulfuric acid. 
Absorbance was measured at 450 nm using a mi-
croplate reader, and cytokine concentrations were 
calculated from the standard curve.

 DNA Extraction and Polymerase Chain Reac-
tion (PCR) Amplification

Genomic DNA was extracted from 4 mL of 
EDTA-anticoagulated whole blood using a commer-
cial extraction kit (Wuhan Servicebio Technology 
Co., Ltd., Wuhan, China) according to the manu-
facturer’s instructions. DNA integrity was verified by 
1.5% agarose gel electrophoresis, and concentra-
tion and purity were assessed using ultraviolet spec-
trophotometry.

Specific primers were designed to amplify the 
MTHFR polymorphisms rs110298, rs132981, and 
rs167281. PCR was performed in a 20 mL reaction 
system containing 2.0 mL DNA template, 10.0 mL 
2× PCR Mix, 0.4 mL each of forward and reverse 
primers, and 7.2 mL nuclease-free water. The am-
pli-fication protocol consisted of denaturation at 95 
°C for 120 s; 35 cycles of 94 °C for 30 s, 57 °C 
for 90 s, and 72 °C for 60 s; followed by a final 
extension at 72 °C for 10 min. PCR products were 
confirmed by agarose gel electrophoresis. Primer 
sequences and product lengths are shown in Table I.

Ligase Detection Reaction

Upstream and downstream probes for each 
polymorphic site were synthesized by BGI (Shen-
zhen, China). Upstream probes were phosphorylat-
ed at the 5’ terminus and combined to form a 12.5 
pmol/mL probe mixture. The ligase detection reac-
tion was conducted in a 3.05 mL system contain-
ing 0.05 mL ligase, 1 mL reaction buffer, 1 mL PCR 
product, and 1 mL probe mixture. Cycling conditions 
were as follows: 95 °C for 120 s, followed by 30 
cycles of 94 °C for 15 s and 50 °C for 25 s.

The oligonucleotide products were quantified 
using ultraviolet spectrophotometry, and genotyp-
ing was performed by BGI through sequencing and 
fragment analysis. Data interpretation was conduct-
ed using GeneMapper software. Probe sequences 
and corresponding product sizes are provided in 
Table II.

Table I Primer sequences and product sizes in this research. 

Polymorphism Primer sequence (5’-3’) Product (bp)

rs110298 Forward: ACGTAGTGCTGTAGTCGT 189

Reverse: TGTGTCGACCCCTGATAC

rs132981 Forward: AGCTGATGTCCATGTCGTG 144

Reverse: TGTAGTCGTAGAAACGTAC

rs167281 Forward: ACGTAGTCGTAGTGCTGTAG 191

Reverse: AGTCGTAGTGCTGATGCTGT
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Statistical Analysis

All statistical analyses were performed using 
SPSS version 22.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were tested for normality 
(Shapiro–Wilk test) and expressed as mean ± SD. 
Group comparisons were performed using indepen-
dent-samples t-tests or one-way ANOVA with Bon-
ferroni correction, while categorical variables were 
analyzed using chi-square or Fisher’s exact tests. To 
control for multiple testing, Benjamini–Hochberg 
false discovery rate (FDR) correction was applied. 
Effect sizes (Cohen’s d, h2, or odds ratios with 95% 
CIs) were reported where appropriate. Multivariable 
linear regression was used to assess the indepen-
dent associations between MTHFR genotypes and 

serum vitamin D or IL-17, adjusting for major demo-
graphic and clinical variables.

A priori power analysis (medium effect size, 
a = 0.05, power = 0.80) confirmed that the total 
sample size (n = 252) was adequate. A two-tailed P 
< 0.05 was considered statistically significant.

Results

General Clinical Characteristi cs

There were no significant differences between 
the Ulcerative Colitis group and the Control group 
in age, sex distribution, smoking status, or alcohol 
consumption (P > 0.05) (Table III). Among the 124 

Table II Probe sequences of ligase reaction and product sizes of different MTHFR gene polymorphisms.

Polymorphism Probe Probe sequence (5’-3’) Product (bp)

rs110298 rs110298 P-TGTCGTAGTCGTAGTGCCCTTTTTTTTT-FAM 289

rs110298-A TAGCTGATGCTGATGTCGTCAGTCTTTTTTTAT

rs110298-G TTACGTAGTCGTAGTCGTAGTCGTTTTTTTAAA

rs132981 rs132981 P-CTAGTCGTAGTCGTGATCGTGTTTTTTT-FAM 199

rs132981-C TTTTACGTAGTCGTAGTCGTGATCGTCGTAGTC

rs132981-T TTTTTTTTTTTCTAGTCGTGATTTTTAGCTGTAC

rs167281 rs167281 P-CAGTGATGCTAGCTGTAGTCGTTTTTTT-FAM 258

rs167281-C TTTTTTTTTTTCGATCGTACGTAGTGTCGTGTAC

rs167281-G TTTTCGTAGCTGTAGCTGAGCTTTTTACGTGAC

Table III Comparisons of general clinical data between Ulcerative Colitis group and Control group.

Clinical feature Ulcerative Colitis group
n=124

Control group
n=128

p

Age (years old) 45.65±3.28 44.69±1.94 0.509

Gender (male/female) 100/24 98/28 0.872

Smoking (%) 34% 36% 0.581

Drinking (%) 28% 29% 0.661

Disease location (%)

Rectal type 54.8% 0 /

Left hemicolon type 12.9% 0 /

Extensive type 32.3% 0 /

Severity (%)

Mild 38.7% 0 /

Moderate 37.1% 0 /

Severe 24.2% 0 /
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UC patients, disease location was classified as rectal 
type (n = 68), left hemicolon type (n = 16), and 
extensive type (n = 40). Disease severity included 
48 mild, 46 moderate, and 30 severe cases.

Hardy–Weinberg Equilibrium Analysis

All three MTHFR polymorphisms (rs110298, 
rs132981, and rs167281) conformed to Hardy–
Weinberg equilibrium in both groups, with r2 values 
< 0.33, indicating no significant linkage disequilib-
rium (Table IV).

 Associations Between MTHFR Genotypes and 
UC Susceptibility

Genotype distributions revealed significant as-
sociations between UC and the MTHFR polymor-
phisms rs110298 and rs132981 (P < 0.05) (Ta-
ble V). Specifically, genotype GG of rs110298 and 

genotype TT of rs132981 were more prevalent in 
UC patients than in controls. In contrast, rs167281 
showed no significant correlation with UC suscepti-
bility (P > 0.05).

Allelic Associations with UC

Analysis of allele frequencies demonstrated 
significant correlations of the G allele (rs110298) 
and the T allele (rs132981) with UC (P < 0.05), 
whereas alleles of rs167281 did not differ signi-
fi-cantly between groups (P > 0.05) (Table VI).

 Associations Between MTHFR Polymorphisms 
and UC Location

The distribution of disease location varied sig-
nificantly across MTHFR genotypes (Table VII). For 
rs110298, the GG genotype was predominantly 
associated with rectal-type UC (P < 0.05), where-

Table IV Results of linkage disequilibrium test of MTHFR gene polymorphisms in each group.

Polymorphism r2

rs110298 rs132981 rs167281

rs110298 - 0.001 0.205

rs132981 0.001 - 0.102

rs167281 0.205 0.102 -

Table V Distribution of different genotypes of MTHFR gene polymorphisms in UC patients.

Group
rs110298 rs132981 rs167281

AA AG GG CC CT TT CC CG GG

Ulcerative Colitis 
(n=124) 19.4% 29.0% 51.6% 25.8% 22.6% 51.6% 34.4% 32.3% 32.3%

Control 
(n=128) 33.6% 32.8% 33.6% 32.0% 35.2% 32.8% 37.5% 32.0% 30.5%

c2 0.893 0.504 1.926

P <0.001 <0.001 0.582

Table VI Distribution of alleles of MTHFR gene polymorphisms in UC patients.

Group
rs110298 rs132981 rs167281

A G C T C G

Ulcerative Colitis (n=124) 33.9% 66.1% 37.1% 62.9% 51.6% 48.4%

Control (n=128) 50% 50% 49.6% 50.4% 53.5% 46.5%

c2 1.984 0.829 0.332

P <0.001 <0.001 0.782
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as AA and AG genotypes showed markedly lower 
proportions of left hemicolon disease (P < 0.05). 
For rs132981, rectal-type UC was most common 
among patients with CC and TT genotypes (P < 
0.05), while the CT genotype showed no significant 
distributional pattern.

 Associations Between MTHFR Polymorphisms 
and Disease Severity

Genotype-severity analyses (Table VIII) de-
mon-strated that: For rs110298, AA and AG gen-
otypes were enriched in moderate UC (P < 0.05), 
while mild UC was most common among patients 
carrying the GG genotype (P < 0.05). For rs132981, 
moderate disease was most frequent in patients with 
genotype CC, whereas mild disease predominated 
in those with genotype TT (P < 0.05).

The CT genotype of rs132981 showed no sig-
nificant relationship with disease severity (P > 0.05).

Table VII Correlations of MTHFR gene polymorphisms with the location of UC.

MTHFR gene 
polymorphism Genotype Rectal type 

(n=68)
Left hemicolon 
type (n=16)

Extensive type 
(n=40) c2 P

rs110298 AA (n=24) 33.3% (8) 20.8% (5) 45.9 % (11) 1.847 0.016

AG (n=36) 44.4% (16) 5.6% (2) 50% (18) 1.029 0.021

GG (n=64) 71.9% (46) 14.1% (9) 14.1% (9) 0.872 <0.001

rs132981 CC (n=32) 78.1% (25) 6.3% (2) 15.6% (5) 0.656 <0.001

CT (n=28) 35.7% (10) 28.6% (8) 35.7% (10) 0.661 0.452

TT (n=64) 51.6% (33) 9.4% (6) 39.0% (25) 0.563 0.022

Table VIII Correlations of MTHFR gene polymorphisms with the severity of UC.

MTHFR gene 
polymorphism Genotype Mild (n=48) Moderate

(n=46)
Severe
(n=30) c2 P

rs110298 AA (n=24) 16.7% (4) 62.5% (15) 20.8% (5) 0.874 0.001

AG (n=36) 22.2% (8) 55.6% (20) 22.2% (8) 0.765 0.009

GG (n=64) 56.3% (36) 17.2% (11) 26.6% (17) 0.863 <0.001

rs132981 CC(n=32) 6.3% (2) 62.5% (20) 31.4% (10) 0.922 <0.001

CT (n=28) 35.7% (10) 39.3% (11) 25% (7) 0.331 0.141

TT (n=64) 56.3% 36) 23.4% (15) 20.3% (13) 0.458 <0.001

Figure 1 Serum vitamin D (A) and IL-17 (B) concentrations 
in UC patients and healthy controls. 

Data are presented as mean ± SD. Group differences were 
evaluated using independent-samples t-tests. P < 0.05 after 
Benjamini–Hochberg correction. Units: vitamin D (ng/mL), 
IL-17 (pg/mL).
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Serum Vitamin D and IL-17 Levels

Compared with the Control group, UC patients 
had significantly lower serum vitamin D concentra-
tions (P < 0.05) (Figure 1A) and markedly higher 
serum IL-17 levels (P < 0.05) (Figure 1B).

 Associations Between MTHFR Polymorphisms 
and Serum Biomarker Levels

Both rs110298 and rs132981 were signifi-
cantly associated with alterations in serum vitamin 
D and IL-17 levels (Figure 2). UC patients carrying 
rs110298 genotypes AG and GG exhibited lower 
serum vitamin D and higher IL-17 levels than those 
with genotype AA (P < 0.05) (Figure 2A–B). For 
rs132981, patients with genotype TT had reduced 
serum vitamin D and elevated IL-17 levels com-
pared with those carrying genotypes CC or CT (P < 
0.05) (Figure 2C–D).

Discussion

Ulcerative colitis (UC) is characterized by 
chronic mucosal and submucosal inflammation of 
the colon, yet its exact pathogenesis remains incom-
pletely understood. Increasing evidence suggests 
that aberrant immune activation driven by genetic 
susceptibility, environmental influences, and dysbi-
osis contributes substantially to disease onset and 
progression. Among these, excessive activation of T 
lymphocytes has been identified as a key immuno-
logical driver of UC (12).

Although homocysteine (Hcy) concentrations 
were not measured in this study, the biological rel-
evance of MTHFR polymorphisms is closely tied to 
their impact on folate-dependent remethylation of 
Hcy. Reduced MTHFR activity – particularly in vari-
ants such as rs110298 and rs132981 – can impair 

the generation of 5-methyltetrahydrofolate, poten-
tially resulting in elevated Hcy levels. Hyperhomo-
cysteinemia has been shown to enhance endothelial 
inflammation, promote cytokine release, and am-
plify Th17-mediated pathways (13, 14). Therefore, 
the observed associations between these SNPs, low-
er vitamin D levels, and increased IL-17 may reflect 
downstream consequences of impaired one-carbon 
metabolism and heightened inflammatory activation 
(15).

Hcy can induce inflammatory activation in 
monocytes, endothelial cells, and smooth mus-
cle cells, promoting the production of chemokines 
(e.g., MCP-1, IL-8) and adhesion molecules (e.g., 
VCAM, P-selectin, E-selectin) (16). However, Hcy 
levels are influenced by multiple factors, including 
genetic polymorphisms of Hcy-metabolizing en-
zy-mes, dietary intake of B vitamins, demographic 
characteristics, lifestyle habits, and comorbidities 
(17). Methylenetetrahydrofolate reductase (MTHFR), 
a key regulatory enzyme in Hcy re-methylation, con-
tains several functional SNPs. The common C677T 
polymorphism causes an alanine-to-valine substitu-
tion that reduces enzyme stability and activity, lead-
ing to elevated plasma Hcy, particularly under con-
ditions of low folate (18, 19). The A1298C variant 
also reduces MTHFR activity, with in vitro studies re-
porting substantial decreases in enzymatic function 
in various genotypic combinations (20).

Consistent with these biochemical me-
cha-nisms, the present study demonstrated that the 
MTHFR polymorphisms rs110298 and rs132981 
were significantly associated with UC susceptibility. 
The rs110298 GG genotype and G allele, as well as 
the rs132981 TT genotype and T allele, were more 
frequent in UC patients than in controls, suggesting 
a potential functional impact on Hcy metabolism. 
Moreover, both polymorphisms showed significant 
associations with UC location and disease severity, 

Figure 2 Associations between MTHFR genotypes and serum vitamin D and IL-17 levels in UC patients. 

(A–B) rs110298; (C–D) rs132981. Data are mean ± SD. One-way ANOVA with Bonferroni post-hoc testing was used, with FDR 
correction for multiple comparisons. P<0.05 vs. reference genotype. NS = not significant.
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indicating that MTHFR genetic variability may influ-
ence not only disease risk but also clinical pheno-
type.

Vitamin D and interleukin-17 (IL-17) also play 
essential roles in mucosal immunity. Vitamin D, a 
steroid-derived hormone synthesized in the skin and 
metabolized in the liver and kidney, has been linked 
to the pathogenesis of multiple immune-mediated 
diseases. Epidemiological studies have shown that 
patients with immune disorders often exhibit lower 
serum vitamin D levels, and mechanistic research 
has demonstrated its capacity to modulate T-cell 
differentiation and cytokine production (21). IL-17, 
a potent pro-inflammatory cytokine produced by 
Th17 cells, contributes to mucosal inflammation in 
UC and other autoimmune diseases; its activity may 
be regulated, at least in part, by vitamin D (22).

The findings suggest that rs110298 and 
rs132981 variants may contribute to biochemical 
and immunological heterogeneity in UC. While 
these polymorphisms are not proposed as diagnostic 
tools, they may help explain inter-individual differ-
ences in inflammatory response, vitamin D status, 
or disease severity. This provides a rationale for fu-
ture studies evaluating whether MTHFR genotypes 
can inform risk stratification, nutritional optimization 
(e.g., folate/vitamin D supplementation), or person-
alized anti-inflammatory strategies.

Vitamin D status and folate metabolism are 
strongly influenced by external factors such as sun-
light exposure, dietary intake, and supplement use. 
These variables were not collected in our study and 
may act as gene-environment modifiers of the MTH-
FR–vitamin D–IL-17 axis. The absence of these data 

limits interpretation of the biochemical associations 
and should be addressed in future research.

Although mechanistically relevant, circulating 
homocysteine levels were unavailable and could 
not be correlated with genotype-biomarker relation-
ships. This is an important limitation because Hcy is 
the direct metabolic substrate affected by MTHFR 
dysfunction. Future studies integrating genotype, 
Hcy levels, methylation indices, vitamin D metabo-
lites, and cytokine profiles will be necessary to estab-
lish a more complete biochemical model.

Conclusions

This study demonstrates, for the first time, 
that the MTHFR gene polymorphisms rs110298 
and rs132981 are significantly associated with UC 
susceptibility, disease location, and clinical severity. 
These variants were also linked to altered levels of 
serum vitamin D and IL-17, suggesting that MTH-
FR dysfunction may contribute to UC pathogenesis 
through disturbances in homocysteine metabolism 
and immune regulation. Taken together, these find-
ings provide new biochemical and genetic evidence 
supporting the role of MTHFR-related pathways in 
UC. The rs110298 and rs132981 polymorphisms 
may represent potential biomarkers for disease risk 
stratification and could serve as targets for future 
precision-based therapeutic strategies.

Confl ict of interest statement 

All the authors declare that they have no 
conflict of interest in this work. 

References
1.  Garg M, Hendy P, Ding JN, Shaw S, Hold G, Hart A. 

The Effect of Vitamin D on Intestinal Inflammation 
and Faecal Microbiota in Patients with Ulcerative Coli-
tis. J Crohns Colitis 2018; 12(8): 963–72.

2.  Dubinsky MC, Cross RK, Sandborn WJ, Long M, 
Song X, Shi N, et al. Extraintestinal Manifestations in 
Vedolizumab and Anti-TNF-Treated Patients With In-
flammatory Bowel Disease. Inflamm Bowel Dis 2018; 
24(9): 1876–82.

3.  Suskind DL, Cohen SA, Brittnacher MJ, Wahbeh G, 
Lee D, Shaffer ML, et al. Clinical and Fecal Microbial 
Changes With Diet Therapy in Active Inflammatory 
Bowel Disease. J Clin Gastroenterol 2018; 52(2): 
155–63.

4.  Chaparro M, Verreth A, Lobaton T, Gravito-Soares 
E, Julsgaard M, Savarino E, et al. Long-Term Safety 
of In Utero Exposure to Anti-TNFalpha Drugs for the 

Treatment of Inflammatory Bowel Disease: Results 
from the Multicenter European TEDDY Study. Am J 
Gastroenterol 2018; 113(3): 396–403.

5.  Yuan D, Chu J, Lin H, Zhu G, Qian J, Yu Y, et al. 
Mechanism of homocysteine-mediated endothelial 
injury and its consequences for atherosclerosis. Front 
Cardiovasc Med 2023; 9: 1109445.

6.  Portillo F, Vázquez J, Pajares MA. Protein-protein in-
teractions involving enzymes of the mammalian me-
thionine and homocysteine metabolism. Biochimie 
2020; 173: 33–47.

7.  Petrone I, Bernardo PS, Dos Santos EC, Abdelhay 
E. MTHFR C677T and A1298C Polymorphisms in 
Breast Cancer, Gliomas and Gastric Cancer: A Review. 
Genes-Basel 2021; 12(4): 587.

8.  Chiocchetti A, Prodam F, Dianzani U. Homocysteine 
and Folate in Inflammatory Bowel Disease: Can Re-



9J Med Biochem 2026; 45

ducing Sulfur Reduce Suffering? Digest Dis Sci 2018; 
63(12): 3161–3.

9.  Li N, Ma P, Li Y, Shang X, Nan X, Shi L, et al. Gut 
microbiota-derived 12-ketolithocholic acid suppress-
es the IL-17A secretion from colonic group 3 innate 
lymphoid cells to prevent the acute exacerbation of ul-
cerative colitis. Gut Microbes 2023; 15(2): 2290315.

10.  Cai Y, Jia X, Xu L, Chen H, Xie S, Cai J. Interleu-
kin-17 and inflammatory bowel disease: a 2-sam-
ple Mende-lian randomization study. Front Immunol 
2023; 14: 1238457.

11.  Zhou R, Zhu Z, Wang Z, Dong M, Huang L, Wang 
S, et al. Association between MTHFR polymorphisms 
and vitamin D status in infertile women: a mediation 
analysis. Front Nutr 2025; 12: 1644302.

12.  Zhou Y, Xu ZZ, He Y, Yang Y, Liu L, Lin Q, et al. Gut 
Microbiota Offers Universal Biomarkers across Ethnic-
ity in Inflammatory Bowel Disease Diagnosis and In-
fliximab Response Prediction. Msystems 2018; 3(1):

13.  Al Mutairi F. Hyperhomocysteinemia: Clinical Insights. 
J Cent Nerv Syst Dis 2020; 12: 592178506.

14.  Wang J, Li L, Chen P, He C, Niu X, Mei Q. Homo-cys-
teine aggravates intestinal inflammation through pro-
motion of 5-LOX and COX-2 in IBD. Eur J Med Res 
2024; 29(1): 537.

15.  Zheng S, Yang W, Wu C, Sun L, Lin D, Lin X, et al. 
Association of ulcerative colitis with transcobalamin II 
gene polymorphisms and serum homocysteine, vita-
min B(12), and folate levels in Chinese patients. Im-
munogenetics 2017; 69(7): 421–8.

16.  Xu Y, Xu Y, Yu Z, He D. Homocysteine modulates 
CXCL10/CXCR3 axis activity to induce endothelial 
dysfunction. Cellular and Molecular Biology (Noisy-
Le-Grand, France) 2024; 70(2): 197–204.

17.  Lan T, Xu D, Huang M, Song J, Wu H, Li M. Gin-
senoside Rb1 prevents homocysteine-induced EPC 
dysfunction via VEGF/p38MAPK and SDF-1/CXCR4 
activation. Sci Rep-Uk 2017; 7(1): 13061.

18.  Zhao J, Li X, Chen Q. Effects of MTHFR C677T poly-
morphism on homocysteine and vitamin D in women 
with polycystic ovary syndrome. Gene 2024; 919: 
148504.

19.  Bagheri Hamidi A, Namazi N, Mohammad Amoli M, 
Amani M, Gholami M, Youssefian L, et al. Association 
of MTHFR C677T polymorphism with elevated ho-
mocysteine level and disease development in vitiligo. 
Int J Immunogenet 2020; 47(4): 342–50.

20.  Mbarek L, Sakka S, Elleuch A, Mohsen A, Da-oud S, 
Moalla K, et al. Relationship between homocysteine, 
vitamin B9, vitamin B12 levels methyl-enetetrahydro-
folate reductase (C677T, A1298C) polymorphisms, 
and cryptogenic stroke in Tunisian adults´ patients: 
a case-control study. The Pan African Medical Journal 
2024; 48: 111.

21.  Artusa P, Nguyen Yamamoto L, Barbier C, Valbon SF, 
Aghazadeh Habashi Y, Djambazian H, et al. Skewed 
epithelial cell differentiation and premature aging of 
the thymus in the absence of vitamin D signaling. Sci 
Adv 2024; 10(39): eadm9582.

22.  Zhu C, Fan M, Zhu J, Cao L, Duan X, Wu K. Vitamin 
D Reduces the Helper T Cells 17 (Th17) Differenti-
ation in Patients with Ulcerative Colitis by Targeting 
Long Non-coding RNA (lncRNA) OIP5-AS1/miR-
26a-5p/IL-6 Axis. Iranian Journal of Immunology 
2022; 19(2): 150–60.

   Recieved: November 16, 2025
  Accepted: December 12, 2025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


