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Introduction

Introduction: Folate metabolism, play an important role in DNA methylation during proliferation and differentiation of tumor cells 
through methylenetetrahydrofolate reductase (MTHFR C677T) enzyme has been reported in variety of tumors . Present study has 
been designed with the aims evaluate the genetic heterogenicity and “risk factor” in heterozygous condition after calculating the 
frequency of CT genotypes in ovarian cancer patients, and also develop correlation with cellular proliferation (histopathology) in 
the same

Material and Method: Clinically diagnosed cases (n=125) of ovarian cancer patients with same age matched controls (n=137) were 
included in the present study. Total (5.0) ml sterile peripheral blood samples were collected and stored at -80°C till further process 
i.e. isolation of DNA and quantified by Nanodrop spectrophotometer (at wavelengths between 260-280 nm). ARMS-PCR was used for 
SNP analysis in cancer patients and compare with native controls (lack of familial history of cancer). 

Results: Significant findings (p< 0.0002) reveals, 37.5 % frequency of genotype (677CT) were observed in heterogynous condition 
with Tm value of 83.50 and as compared to the 677TCC genotype (Tm 82.83) between cases controls. condition in ovarian cases. 
Interestingly, the frequency (33.33%) in heterozygous condition (CT genotype), highest recoded in germ cell tumors and minimal 
frequency (27.27%) were observed in surface epithelial tumors. Histopathological showing relevant correlation during onset of 
disease between the frequency (40%) in homozygous (TT rare genotypes) in sex-cord stromal tumors and risk factor (CT genotype) 
in germ cell tumors. 

Conclusion: The present study demonstrates a significant differences in the frequency values between CT and TT genotypes that in-
crease genetic susceptibility with increase “risk factor” in sex- cord stromal tissue in ovarian tumors due to substitution of nucleotide 
cysteine to thymidine in heterozygous condition (C→T) due to point mutation in folate metabolism associated MTHFR gene poly-
morphism to reduce 50% intracellular folate contents may increase risk for the development of ovarian cancers in the population of 
Bihar, hence, MTHFR C677T polymorphism act as potential biomarker for early diagnosis in cancer. 

Ovarian cancer, stands as the most common gynecological ma-
lignancy after tumors of the cervix and uterus. It is often diagnosed 
at advanced stages due to the lack of specific clinical symptoms 
and effective early detection methods, resulting increase of high 
mortality rates. According to estimates from the GLOBOCAN 2018 

database, ovarian cancer continues to pose a major health threat 
globally ovarian cancer has the highest mortality rate among gyne-
cological malignancies and is associated with poor prognosis, low 
survival rate, and is the most deadly reproductive cancer among 
women. Present study includes both younger (age group 20-45 
year) and older women (age group 45-65 years). The distinction in 
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age groups might reflect differences in risk factors, as the mecha-
nisms that lead to cancer development can vary depending on a 
person’s age and stage of life. [1-3]. Histopathologically, ovarian 
cancer , showing great values on the basis of tissue- subtypes 
i.e. on the basis of germ cell, surface epithelial and sex cord stro-
mal types , and disease burden implying for prevention during 
screening, and future therapeutic management. 

Vitamins B6 and B12 are known to play important roles in vari-
ous metabolic processes, including DNA synthesis and methyla-
tion, which are linked to cancer development [9].

According to WHO diagnostic classification guidelines, low 
folate- metabolism has been significantly associated with an in-
creased risk in the variety of cancers, including breast, colon, en-
dometrial and trophoblastic neoplasia [4-8]. Adenocarcinoma of 
ovary is difficult to early diagnosis either familial or sporadic in 
nature. Folate and vitamins B6 and B12 are known to play impor-
tant roles in various metabolic processes, including DNA synthesis 
through methylation possibly linked to cancer development [9]. 
The 5, 10-methylenetetrahydrofolate reductase (MTHFR C677) 
gene polymorphism is essential for DNA methylation during pro-
liferation of cancer cells and may increase “risk factors” in hetero-
zygous condition after point mutation of nucleotide cysteine sub-
stituted to thymidine (C- → T) as shown in figure 2a. The present 
study has been designed with the aims in the population of Bihar 
because of poor socioeconomic conditions to evaluates the fre-
quency of MTHFR genotypes (CC, TT and CT) in homozygous or 
in heterozygous conditions and their correlation in the frequency 
of different tissue subtyping specificity in ovarian cancer has not 
been reported earlier.

Martials and Methods 
Subjects

Present study included a total of (n = 125) histopathologically 
confirmed cases of ovarian cancer diagnosed between 2018 and 
2022, along with (n = 137) age matched healthy controls. Blood 
samples and clinical data were collected from Research center, R.S. 
Memorial Cancer Society, Savera Cancer and Multispecialty Hospi-
tal, Patna. The collected data included demographic details, treat-
ment records, and survival outcomes. The present study is approved 
by Institutional ethical committee (SCMH-IEC/2024/03/01).The 
patients were categorized into three age-groups: Group 01: <30 
years, Group 02: 30-60 years, Group 03: >60 years. A 05 ml periph-
eral blood sample was collected in sterile EDTA vial their informed 
written consent from each participant across all age groups. Ovar-
ian cancer patients and healthy women as controls were included 

in the study for comparative analysis. The study on the analysis of 
the MTHFR gene polymorphism (C677T) in ovarian cancer patients 
and control Subjects.

Collection of blood samples from cancer
Blood samples approximate 4.0 ml were collected from each 

subject under sterile conditions and stored in EDTA vacutainer 
tube and stored in a deep freezer at - 80ºC till further study. 

Isolation of DNA extraction from blood
Genomic DNA was extracted from venous blood samples col-

lected from (n = 125) cases and (n = 137) healthy female controls 
using a Genomic DNA Kit (Huwel Life Science). The DNA was quan-
tification by Nano drop spectrophotometer using absorbance at 
wavelengths of 260-280 nm. The quality of the extracted DNA were 
evaluated on agarose (1.5%) gel electrophoresis after staining with 
ethidium bromide and bands were visualized on Gel Doc system.

Study of MTHFR C677T gene polymorphism using ARMS PCR
The primers for tetraplex real-time PCR assay were designed for 

genotyping of MTHFR C677T (http://cedar.genetics. soton.ac.uk/
public html/primer1.html) after confirmation by BLAST program 
at http:// www.ncbi.nlm.nih.gov.to determine the specificity of the 
primers. To increase the specificity of the reaction a mismatch at 
the 2 position of the 3’ end both the allele-specific primers were 
selected and further confirm their specificity by software as docu-
mented earlier in the literature [10]. To obtain amplicons with dis-
tinct melting points, the ‘Tm’ values were calculated using analyzer 
(http://eu.idtdna.com/analyzer/Applications/OligoA). The selec-
tion of the primers were based on the amplicons ‘Tm’ values and 
following primers were used to determine the genetic heteroge-
neity-MTHFR-T, 5’ - GCACTTGAAG GAGAAGGTGTCTGCGGGCGT-3’; 
MT MTHFR-C poly G, 5’ - GGCGGGCGGCCGGGAAAAGCTG CGT-
GATGATGAAATAGG-3’; MTHFR-cf, 5’ - TGTCATCCCTATTGGCAG-
GTTACCCCAAA-3’; MTHFR cr, 5’ - CCATGTCGGTGCATGCCTTCA-
CAAAG-3’.These group of tetra-primer used for ARMS PCR and 
SYBR Green used as fluorescent dye for analysis of Tm values to 
evaluate the frequency of mutant allele (C/T) of MTHFR gene in 
heterozygous condition. 

Statistical analysis
Data was analyzed between cases and controls using chi-square 

test (two- tailed) to assess the significant differences (p < 001) be-
tween cases and controls. The frequency (%) was also calculates 
for all the three genotype (CC and TT) in homozygous and CT in 
heterozygous condition with odds ratios (O.R) and confidence in-
tervals (C.I) at 95% and correlated with tissue specificity.
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Results

In the present study, the MTHFR gene (C677T) polymorphism 
was analyzed in (n = 125) cases of ovarian carcinoma and (n = 137) 
age- and sex-matched healthy women as controls, using a highly 
sensitive and reliable method using four set of primer PCR. This 
technique amplifies both the wild-type and mutant alleles (C677T) 
of the MTHFR gene in a single PCR tube. The procedure used for 

S. No MTHFR Gene polymorphism 
Frequency (%)

Odd ratio
Confidence interval 

P. value 
ovarian cancer Control  C I at 95% 

A Genotype (n = 32) (n = 45)  ----  ---  ---

1 CC 15(46.87%)  25(55.55%) 4.6296 2.2419 to 9.5606 p < 0.0001
2  CT  12(37.5%)  20(44.44%) 4.6296 2.0955 to 10.2281 p < 0.0002**
3 TT 05(15.62%) 00(00.00%) 0.1839 0.0103 to 3.2849 p > 0.2496

*Significant differences were observed in heterozygous (CT genotypes) condition between cases and controls.

the selection of four primers to amplify the region containing point 
mutation, with specific amplicons that represent each alleles. The 
study found that tetra-primer PCR produced amplicons with a 
melting temperature (Tm) values 82.83 in the control group and 
shifting towards ovarian carcinoma cases ™ values (83.50) show-
ing significant difference of the alleles (C → T) confirming “point 
mutation” and melting curves (Tm) values shown in figure-1a, and 
details statistical analysis are depicted in table 1.

Data showing the CC genotype frequency in 46.8 % of ovarian 
cancer cases in homozygous condition and decreasing system-
atically in CT genotype (37.50%) followed by lowest (15.62%)
was fund in TT genotypes. Significant (p < 0.05).difference were 

observed in heterozygous (CT genotypes) condition. Bar diagram 
(Figure 1b) showing the lowest frequency of TT homozygous geno-
type (15.62 %) as compare to CT heterozygous genotype but show-
ing lack of significant difference using two-tailed chi-square test.

Figure 1: a,b: Diagrams showing ARMS-PCR based analysis of MTHFR C677T polymorphism showing amplification (Tm values) between 
ovarian cancer and controls .The individual frequency of wild-type (CC), CT and TT genotypes (Figure 1b)showing systematically 

decreasing trend were observed as shown in two different color codes (brown) ovarian cases with respect to controls (blue).

Table 1: Statistical analysis showing MTHFR C677T gene polymorphism frequency (%) of genotypes in ovarian cancer patients and 
controls.
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Histopathological findings as shown in figure 2a with high grade 
adenocarcinoma of ovarian carcinoma with hyper chromatic nu-
clei with atypical mitotic activity. Similarly in another case show-
ing the plasmanea locules was one of the characteristic features of 
mucinous carcinoma (Figure 2b) for confirmation of pathological 
findings. There is significant correlation between histopathologi-
cal observation of three different layers i.e germ- cell, surface epi-
thelial and sex cord tumors. MTHFR C677T gene polymorphism. 

The highest frequency of CT genotypes (27.77 %) was observed in 
surface epithelial in heterozygous condition and again highest fre-
quency (40.00%) was observed in homozygous condition with TT 
genotype in sex-cord tumors as details are documented in table-2 
and bar diagram (Figure 3) showing systematically down regula-
tion of genotype frequency i.e. CC and TT in homozygous and in CT 
heterozygous conditions. 

Figure 2: Histopathological finding showing high grade adenocarcinoma of ovary with hyper chromatic nuclei and atypical mitotic activity 
(2a), and in another case plasmanea locules - characteristic features of mucinous carcinoma (Figure 2b) was observed (arrow head), after 

H and E staining of transverse sections.

Type of Histology No. of Case CC CT TT
Germ Cell Tumor 12 06 (50.0%) 04(33.33) 02((16.66%)

Surfaces Epithelial Tumor 18 08((44.44%) 05(27.77) 03(16.66%)

Sex-cord stromal tumor 05  02(40%) 01(28%) 02(40%)

Figure 3: Bar diagram showing the significant correlating between the frequency (%) of MTHFR C677T genotypes CC,TT in homozygous 
and CT genotype heterozygous condition with tissue subtypes in ovarian tumors: Germ cell tumors in CT genotype in: 33 % cases while 
TT rare genotype showing in 16.66 % cases only, suggesting genetic heterogenicity is due tissue specificity during progression of disease. 

Table 2: Differential frequency (%) observed between genotypes and different cell types in ovarian cancer patients.
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Discussion
In eukaryotic system folate metabolism is the relevant factor 

for proliferation of tumor cells during events of oncogenesis. Etio-
pathology of tumor biology is still not clear but definitely, genet-
ics and epigenetics factors play an important role in transition of 
epithelial to mesenchymal cells involving significant role of tran-
sition transcription factor (SOX4), cytokeratin, epithelial cell ad-
hesive molecule (EpCAM) and metastatic vimentin markers. Me-
ta-analysis comprehensively examined the associations between 
methylenetetrahydrofolate reductase (MTHFR) polymorphisms 
C677T and A1298C gene increase “risk factor” in variety of dis-
eases including recurrent pregnancy loss and congenital heart de-
fects [10,11]. Dietary supplement including MTHFR gene polymor-
phisms increase risk for the development of cervical and colorectal 
cancer [12,13]. MTHFR C677T, is a key enzyme that involved for 
DNA metabolism and maintaining genomic instability. The loss of 
heterozygosity (LOH) in ovarian tumors supports the hypothesis 
that substitution of nucleotide cysteine to thymidine (C→T), the 
point mutation increase risk factor during progression of disease 
[14-16]. Different frequencies of MTHFR genotypes might have 
varying due cellular subtype proliferation of age-specific histo-
pathologically based findings.

Other cellular sub-types in low-grade serous carcinomas, differ 
in etiology due to genetic mutations and fragmentation of chro-
mosomes to make the aggressive behavior of the disease [15]. The 
age specificity correlation between young and older-age -group in 
the present study is difficult to predict due to small sample size 
or unknown environmental factors. Although, ovarian carcinogen-
esis is based on variety of factors such as endocrine dysregulation, 
variations in karyotypes (complex chromosomal rearrangement) 
or gene mutations together dysregulation of cell signaling through 
p53 mutation involved in the etiopathology of adenocarcinoma of 
ovary more complex for the early management by the clinicians 
[17]. Although, histopathological variation based on cytoarchetec-
ture after tissue biopsy have own limitation due to variation in tis-
sue specificity (sub-typing) [18,19]. Hence, genetic markers such 
as BRCA1 or BRCA2 gene becomes essential tool for confirmation 
of hereditary and spontaneous mutation in high-grade serous 
carcinoma due to TT genotype in homozygous condition. Serous 
carcinoma shows positive immunohistochemically positive stain-
ing for cytokeratin, (CA-125), estrogen receptor (ER), and tumor 
suppressor (p53) gene expression [20-22]. Clinicians are trying to 
protect after maintaining folate equilibrium followed by protect 
the tumor growth in colorectal cancer patients and improve DNA 
repair mechanisms individually for CT or TT genotype in homozy-
gous or in heterozygous condition. 

Conclusion
Present study concludes that frequency of genotypic variation 

of MTHFR C677T gene polymorphism are varying significantly in 
germ cell subtyping due to genetics heterogenicity (CT genotypes) 
and increase “risk factor” followed by increasing frequency of TT 
genotype in homozygous condition to confirm in sex-cord stro-
mal tumor during progression of disease in ovarian tumor. Hence, 
MTHFR C677T gene polymorphism increase frequency of T allele 
due to “point mutation” confirm the onset of disease could be use 
as genetic biomarker for tissue specificity and genetic susceptibil-
ity followed by confirmation of diagnosis and proper management 
by the clinicians to reduce mortality. Although, the efforts are con-
tinuing by the scientist to find epigenetic causative factors and re-
verse or reduce fragmentation of chromosomes or DNA damage in 
such patients otherwise the study will be remain un clear.
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