Sanghavi and Chandel
Egyptian Journal of Medical Human Genetics
https://doi.org/10.1186/s43042-023-00471-5

Egyptian Journal of Medical

(2024) 25:5 .
Human Genetics

MTHFR (C677T) polymorphism and its B
association with cytogenetic and clinical profile
in individuals with primary amenorrhea
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Abstract

Background Abnormal folate metabolism is a risk factor for DNA hypomethylation and chromosomal nondisjunc-
tion. MTHFR is a candidate gene for folliculogenesis and ovarian development. In the present study, we aimed

to investigate the distribution of the MTHFR C677T polymorphism in individuals with primary amenorrhea and it's
association with the cytogenetic and clinical profile. The MTHFR polymorphism (C677T) was checked in 45 females
with PA and 45 control females (age-matched) with regular menstrual cycles using polymerase chain reaction-restric-
tion fragment length polymorphism.

Results We observed the CC genotype in 84.4% (n = 38) of the control group females and 48.9% (n = 22) of the case
group females, CT genotype in 13.3% (n = 6) in the control group females and 24.4% (n = 11) in the case group
females (p = 0.039; X2 value 4.253; odd ratio 0.316, 95%Cl 0.103-0.973) and TT genotype in 2.2% (n = 1) in the control
group females and 26.7% (n = 12) in the case group females (p = 0.000266; x* value 13.294; odd ratio 0.048, 95%Cl
0.006-0.397). Out of 45 case group females, 26 females showed 46,XX karyotype, 4 females showed male karyotype,
3 females showed pure Turner karyotype, 2 females were mosaic Turner and the rest of the females showed structural
abnormalities like deletion, isochromosome and normal variants. The serum values revealed significantly lower levels
(p = 0.032) of progesterone in the individuals with the TT genotype as compared to the CC genotype and the radiol-
ogy profile showed a significant role of the MTHFR gene in ovarian development (p = 0.024).

Conclusion We suggest that the MTHFR polymorphism (C677T) might be responsible for the chromosomal nondis-

junction in monosomy X females. It also influences the progesterone level and ovarian development, thus affecting
folliculogenesis and the ovarian reserve responsible for primary amenorrhea.
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Introduction amenorrhea as the sixth major cause of female infer-

Primary amenorrhea (PA) is characterized by the absence
of the menarche in a female by the age of 14, regardless of
whether secondary sexual characteristics (SSCs) are pre-
sent or not [1]. The incidence of PA is less than 0.1%, and
the World Health Organization (WHO) has estimated
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tility [2]. PA results due to several different causes viz.
anatomic, endocrinologic, or genetic [3]. Among them,
chromosomal abnormalities like Turner syndrome or its
variants, male karyotype (presence of Y chromosome),
and X abnormalities contribute from 15.9 to 63.3% in the
etiology of PA [2]. Candidate genes responsible for nor-
mal ovarian development and function have been identi-
fied, and any defect in these genes will cause PA. It has
been suggested that female carrying MTHER polymor-
phism (C677T) has reduced ovarian follicular activity
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and/or may experience early menopause [4, 5]. Studies
have confirmed a potential role of MTHFR gene poly-
morphism associated with abnormal folate metabolism,
and DNA hypomethylation reaction might increase the
risk of chromosomal nondisjunction [6]. Moreover, in
ovarian follicular growth or oocyte maturity, the MTHFR
polymorphisms may interfere with granulosa cells (GC)
activity in growing follicles by causing apoptosis in the
GC [5]. The literature has suggested that MTHFR poly-
morphism increases the risk of chromosomal nondis-
junction [6] and also interferes with female’s ovarian
cycles [5], suggesting that this polymorphism plays a
major role in female reproduction. Based on the above-
mentioned role of the MTHER gene, we aimed to check
the distribution of the MTHFR C677T polymorphism in
the individuals with primary amenorrhea and its associa-
tion with the endocrinology and radiology profiles of the
case group females.

Materials and method

The present study was conducted at the Department of
Zoology, BioMedical Technology and Human Genetics,
Ahmedabad, where 90 females were recruited, of which
45 females had a chief complaint of primary amenorrhea
(PA) and were categorized as “case group” and the rest
45 were “control group” females who had a regular men-
strual cycle with no complaints regarding menstruation.
Ethical approval was obtained from Institutional Ethics
Committee of Gujarat University (No.: GU/IEC/02/2018).
Females over 14 years and below 30 years were consid-
ered for the study. Informed consent was obtained from
each female, and in the case of minor females, permission
was obtained from one of the family members.

The females with complete absence of menstruation
were recruited under the case group, who were referred
from government hospitals of Ahmedabad and nearby
districts to our department for karyotyping; and age-
matched females with normal menstrual cycles were
recruited under the control group. Exclusion criteria
included infection, history of surgery before referral or
drug-induced menstruation. For the control group, the
females with a family history of amenorrhea or infertility
were excluded.

A detailed proforma with informed consent was filled
for each individual, which included a detailed pedi-
gree minimum of up to 3 generations, a clinical profile
(proband’s clinical information such as serum levels of
follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), thyroid-stimulating hormone (TSH), prolac-
tin, progesterone, estradiol and testosterone). A detailed
ultrasonography (USG) profile was obtained from the cli-
nician at the time of the recruitment.
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Cytogenetic analysis

For cytogenetic analysis, the peripheral blood lympho-
cyte culture (PBLC) was done according to the standard
protocol with slight modifications [7]. Venous blood was
drawn under an aseptic condition, and 0.5 ml was added
to RPMI 1640 culture media pre-supplemented with the
fetal bovine serum (FBS). Phytohemagglutinin (PHA)
was added to each culture for stimulation, and cultures
were kept at 37 °C for 72 hours. Colchicine (1mg/5 ml)
was added to arrest the cells at metaphase, followed by
treatment with a pre-warmed hypotonic solution (KCl:
0.75M). The cells were fixed in Carnoy’s solution (ace-
tomethanol 3:1), and slides were prepared. Slides were
subjected to GTG banding [8], 100 metaphase plates
were counted to check for mosaicism, and 20 plates were
karyotyped according to ISCN 2016. The images were
captured by Zeiss Microscope, and karyotyping was car-
ried out with the help of Ikaros Imaging System karyo-
type (Metasystems®, North Royalton, OH).

Molecular analysis

Genomic DNA extraction was carried out by John
et al. [9] method with slight modifications like centri-
fuge timing and resuspension of genomic DNA in TE
buffer. The quantity and quality of DNA were checked
by nano spectrometer and agarose-gel electrophore-
sis, respectively. The extracted DNA was subjected
to a polymerase chain reaction (PCR) according to
the method described by Cyril et al. [10] with slight
modifications in the initial denaturation and anneal-
ing temperature. The PCR reaction was carried out in
a final volume of 25 pl containing 2X PCR master mix
(EmeraldAmp® GT PCR Master Mix, Takara Bio Inc,,
Shiga, Japan), 20 pM of each primer (forward primer:
5TGAAGGAGAAGGTGTCTGCGGGA3’ and reverse
primer: 5AGGACGGTGCGGTGAGAGTG3  syn-
thesized from Sigma-Aldrich Chemical Pvt Limited,
(Milwaukee, Wis., USA), 100 ng of the DNA template
and nuclease-free water. The PCR conditions were set
as follows: initial denaturation at 95 °C for 5 minutes
followed by 30 cycles of denaturation at 94 °C for 30
seconds, annealing at 64 °C for 1 minute, extension at
72 °C for 30 seconds and final extension at 72 °C at 5
minutes. For restriction fragment length polymorphism
(RFLP) analysis, 198 bp amplicon was digested with the
Hinfl enzyme (ThermoFisher Scientific, Massachusetts,
USA). Digestion was performed in 30 ul of reaction vol-
ume containing 1X reaction buffer, 1 unit of restriction
enzyme and 10 pl of PCR product. The mixture was
incubated at 37 °C overnight. After digestion, the prod-
uct was run on 3% agarose gel stained with ethidium
bromide (EtBr) at 110 volts for 40 minutes. Bands were
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Lane 1 & 8: 100 bp ladder

Lane 2 & 3: CC genotype (wild) at 198 bp

Lane 4 & 5: CT genotype (heterozygous) at 198/175
bp

Lane 6 & 7: TT genotype (mutant) at 175 bp

Fig. 1 Gelimage showing MTHFR C677T polymorphism

visualized under a UV transilluminator. The gel electro-
phoresis bands for all individuals were photographed
(Fig. 1). The band at 198 bp shows homozygous CC
genotype, the bands at 198/175 bp show heterozygous
CT genotype and the band at 175 bp shows homozy-
gous polymorphic TT genotype against 100 bp ladder.

Statistical analysis

The statistical analysis was conducted on SPSS version
23 software (IBM Corp., Armonk, NY, USA). The Chi-
square (x°) test, odds ratio (OR) and 95% confidence
interval (95%CI) were calculated to check the asso-
ciation between the control and case group. One-way
ANOVA was performed to analyze the differences in
the serum level of hormones as well as in the Mullerian
duct development within the groups. The serum level
of hormones was represented as mean and standard
deviation (SD). The Pearson’s p-value<0.05 was consid-
ered statistically significant.
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Results
Polymorphism screening
The polymorphism screening was carried out to deter-
mine its distribution in females with PA. The homozy-
gous wild CC genotype was found in 84.4% (n = 38) of
control group females compared to 48.9% (n = 22) of
case group females. The heterozygous CT genotype was
observed in 13.3% (n = 6) of the control group females
and 24.4% (n = 11) in the case group females (p = 0.039;
x? value 4.253; odd ratio 0.316, 95%CI 0.103-0.973). Sim-
ilarly, the homozygous polymorphic TT genotype was
observed in 2.2% (n = 1) of the control group females and
26.7% (n = 12) in case group females (p = 0.000266; x>
value 13.294; odd ratio 0.048, 95%CI 0.006—0.397). The
frequency of the “C” allele distribution was found to be
higher in the control group (91.1%) than the case group
(61.1%). In contrast, the frequency of the “T” allele distri-
bution was found to be higher in the case group (38.9%)
than the control group (8.9%) (p = 0.000002; x* value
22.275; odd ratio 0.153, 95%CI 0.066—0.355) (Table 1).
The cytogenetic profile of PA females revealed 57.7%
(n = 26) females with 46,XX karyotype, out of which
12 females reported CC genotype, 8 with CT genotype
and 6 with TT genotype. Out of 42.3% (n = 19) females
with abnormal karyotypes, all three females with 45,X
reported TT genotype, females with 46,XY karyotype
reported one with CC, two with CT and one with TT
genotype. In females with mosaicism, the CC and the
TT genotypes were observed in 1 individual each. All
the females with Turner variants reported CC genotype,
and out of 8 females with normal variants, six females
reported CC genotype, one female with CT and one
female with TT genotype (Table 2) (Additional file 1
shows the different karyotypes observed in case group
(PA) individuals).

Hormonal profile

The individuals with PA were screened for FSH, LH,
TSH, prolactin, estrogen, progesterone and testoster-
one. The serum level of these hormones was not statis-
tically significant in individuals with the CT genotype

Table 1 Distribution of MTHFR polymorphism in control and case groups

MTHFR polymorphism Control (n = 45) Cases (n = 45) Chi-square Value p-value
CC(n=60) 38 (84.4%) 22 (48.9%) Reference Reference
CT(h=17) 6 (13.3%) 11 (24.4%) 4.253 P=0039"
TT(n=13) 1(22%) 12 (26.7%) 13.294 P=0000266"
C 82 (91%) 55(61.1%) Reference Reference

T 8 (8.9%) 35 (38.9%) 22275 P=0.000002""

*p<0.05, ***p<0.001
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Table 2 Frequency of MTHFR polymorphism in the cytogenetic profile of case group females
Sr. no. Karyotype MTHFR (C677T) polymorphism
CC(n=22) CT(n=11) TT(n=12)

1 Normal female karyotype (n = 26) 12 8 6
2 Male karyotype (n = 4) 1 2 1
3 Turner syndrome (n = 3) 0 0 3
4 Mosaicism” 1 0 1

(n=2)
5 Turner variants™ 2 0 0

(n=2)
6 Normal variants™ (n = 8) 6 1 1
*mos 45,X[101/46,XY[90] and mos 45,X[841/47, XXX[16]
**46,X,del(X)(p22.2) and 46,X,i(X)(q10)
**%46,XX,9gh+ and 46,XX,9gh+,21ps+
when compared with the CC genotype. In individuals Discussion

with the TT genotype, the serum level of progester-
one was significantly lower (1.3+2.4 ng/mL, p = 0.032)
than the females with the CC genotype (3.7+2.7 ng/
mL) (Table 3).

Radiology profile

The individuals with PA were assessed for the role of
the MTHFR polymorphism in Mullerian structure
development. Out of 45 case group females, the fre-
quency of the uterine (n = 38 individuals of 45) and
ovarian (n = 23 individuals of 45) abnormalities were
higher in all three genotypes, whereas the frequency
of individuals reported with normal mullerian duct
structures (other than uterus and ovaries) was higher
(Table 4). The result of one-way ANOVA revealed a
statistically significant role (p = 0.024) of the MTHFR
gene in the development of the structure of ovaries,
whereas a non-significant role of the MTHFR gene
was observed with the development of other Mullerian
structures (p>0.05) (Table 4).

MTHER catalyzes the conversion of 5, 10-methylene-
tetrahydrofolate to 5-methyltetrahydrofolate, which
donates methyl group for the remethylation of homo-
cysteine to methionine. The reaction is significant for
synthesising S-adenosylmethionine (SAM), a significant
methyl group donor for DNA, protein and lipid methyla-
tion reactions. The C to T transition at position 677 in
the MTHER gene (C677T) causes alanine to valine sub-
stitution in the MTHEFR protein, thus reducing enzyme
activity. Reduced enzyme activity requires increased
dietary folate intake to maintain normal homocysteine
to methionine remethylation reaction. The low levels of
folic acid cause homocysteine accumulation, reducing
the SAM to S-adenosylhomocysteine (SAH) ratio result-
ing in the hypomethylation of DNA [6, 11]. Furthermore,
the MTHER gene is also involved in folliculogenesis [12],
indicating its association with the risk of premature ovar-
ian failure (POF). Based on the observations of the influ-
ence of MTHFR polymorphism on ovarian function, we
have attempted to check the role of MTHFR (C677T)
polymorphism in females with PA as to the best of our

Table 3 Association of MTHFR polymorphism with hormone profile of case group females

Hormones CC(n=22) CT(n=11) TT(n=12) p-value
FSH (2.5-10.2 mIU/ml) 32.6+44.1 253423 61.6+61.1 NS

LH (2.39-6.6 mIU/ml) 14.3+16.7 18.1+£19.1 18.1+£16.9 NS

TSH (0.4-4.2 plu/mL) 28+1.6 25423 2.1+0.6 NS
Prolactin (4-30 ng/mL) 122344277 15.8+14.2 45741191 NS
Estrogen (21-251 pg/ml) 50+66.1 53.2449.7 51.1+424 NS
Progesterone (0.1-25 ng/mL) 37427 21424 1.3+24 0.032*
Testosterone (14-76 ng/dL) 16.5+12.1 16£7.1 19.1+£11.1 NS

A one-way ANOVA test for analysis of variance was conducted: *p<0.05, and NS Non-significant association was observed within the groups.

Values were represented as mean+SD
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Table 4: Impact of MTHFR polymorphism on the development of Mullerian duct structures in case group females.
Radiology findings CC(h=22) CT(n=11) TT(n=12) p-value
Uterus NS
Present (n=7) 4 (8.8%) 2 (4.4%) 1(2.2%)
Hypoplastic (n = 20) 9 (20%) 3 (6.6%) 8 (17.8%)
Absent (n =18) 9 (20%) 6(13.3%) 3 (6.6%)
Ovaries 0.024*
Present (n =21) 13 (28.9%) 6 (13.3%) 2(2.2%)
Streak (n=9) 2 (4.4%) 2 (4.4%) 5(11.1%)
One absent (n =4) 2 (4.4%) 0 2 (4.4%)
Both absent (n=11) 5 (15.5%) 3 (6.6%) 3 (6.6%)
Vagina NS
Present (n = 28) 15 (33.3%) 4 (8.8%) 9 (20%)
Small (n=5) 2 (4.4%) 2 (4.4%) 1(2.2%)
Blind (n=15) 3(6.6%) 2 (4.4%)
Absent (n=7) 2 (4.4%) 3 (6.6%) 2(2.2%)
Hymen NS
Intact (n=37) 19 (42.2%) 9 (20%) 9 (20%)
Imperforated (n = 8) 3 (6.6%) 2 (4.4%) 3 (6.6%)
Kidneys NS
Present (n = 38) 19 (42.2%) 8(17.8%) 11 (24.4%)
One absent one ectopic (n = 4) 2 (4.4%) 2 (4.4%) 0
Both ectopic (n=1) 0 0 1(2.2%)
One absent (n=2) 1(2.2%) 1(2.2%) 0
Cervix NS NS
Present (n = 24) 12 (26.7%) 7 (15.5%) 5(11.1%)
Small (n=9) 5(11.1%) 1(2.2%) 3(6.6%)
Absent (n=12) 5(11.1%) 3(6.6%) 4 (8.8%)

A one-way ANOVA test for analysis of variance was conducted: *p<0.05, and NS non-significant association was observed within the groups.

knowledge no similar study has been conducted till date.
Nevertheless, various studies have been conducted to
check MTHER polymorphism’s association with Turner
syndrome and females with polycystic ovarian syndrome
(PCOs) [4, 5, 13—17]. The frequency of the TT genotype
in females aligns with previous reports [13]. This sug-
gests that the C677T polymorphism could result in DNA
hypomethylation and potentially impact the occurrence
of the condition by directly affecting folliculogenesis and
depletion of the ovarian reserve. Further exploration of
the mechanisms involved is recommended.

Previous studies have proved the importance of DNA
methylation for chromosomal segregation and stabili-
zation and showed that the C677T polymorphism sig-
nificantly increases the risk for somatic chromosomal
nondisjunction because of abnormal folate metabolism
and DNA hypomethylation [18]. The direct effect of
DNA methylation in oocytes due to impaired reactions
mediated by the MTHEFR gene polymorphism is respon-
sible for aneuploidies preferentially during oocyte matu-
ration or conception [14], consequently responsible for

Turner phenotype in females. In the present study also,
case group females showing chromosomal complement
of Turner syndrome, i.e., 45,X (n = 3) and mosaic Turner,
i.e., mos 45,X[84]/47,XXX[16] (n = 1) reported TT geno-
type indicating that presence of the T allele decreases
the MTHER activity and contributes toward the somatic
chromosomal nondisjunction resulting in monosomy X
in females. The presented suggestion supports the previ-
ous findings and that of Santos et al. [13], who reported
the significant presence of the TT genotype in TS
patients.

The “T” allele distribution frequency in the Indian
population was reported to be 10.1% [19]. However, the
present study has unequivocally observed a significantly
higher frequency. Globally various studies have been car-
ried out in diverse population groups to know the fre-
quency of MTHEFR C677T polymorphism and 677T allele
distribution [20-22] and found that distribution of 677T
was highest in Europe (24.1-64.3%), subsequently in
North America (6—64.3%), East Asia (2-55%) and South
America (2—48.7%). In India, out of 23 population groups



Sanghavi and Chandel Egyptian Journal of Medical Human Genetics

studied from different states, the 677T allele distribu-
tion is highest among north Indians compared to other
regions, thus indicating the heterogeneous distribution of
the MTHER 677T allele in the Indian population group
[19]. Unlike other studies [15, 16, 21], the present study
observes a significantly higher distribution of T allele in
case group individuals, suggesting that the presence of
T allele may affect the mechanism of chromosomal seg-
regation, consequently causing the Turner syndrome
in females featuring PA as a clinical symptom. Another
suggestion could be that the T allele may interfere with
the other genes responsible for the normal development
of the female’s Mullerian duct. Also, studies suggest that
variations in results are due to linkage disequilibrium and
different dietary habits of the various populations [16].

Hormonal profile

We observed significantly lower progesterone levels in
the case group females with the TT genotype. Proges-
terone is involved in the feedback mechanism of the
menstrual cycle, thus exerting its direct effect on follicu-
logenesis, oocyte release and maturation, and endome-
trial implantation [23]. The exact mechanism of MTHFR
polymorphism on progesterone level is unknown but
studies have tried to check and found no significant asso-
ciation [24]. To our knowledge, this is the first study that
reported a significant association between progesterone
level and MTHEFR gene polymorphism in PA females.
Previous studies reported that the TT genotype signifi-
cantly impaired estrogen production from granulosa cells
and partial inhibition of FSH activity, indicating its role
in folliculogenesis [25]. However, no correlation was
observed with progesterone levels. We understand that
progesterone and MTHEFR are involved in the mecha-
nism of folliculogenesis and control of oocyte regula-
tion. Thus, progesterone levels are compromised in the
polymorphic (TT) genotype, consequently affecting the
feedback mechanism involved in the menstrual cycle
suggesting MTHEFR polymorphism is one of the reasons
for the occurrence of PA in females.

Radiology profile

Our attempt to check the role of MTHEFR poly-
morphism on the development of Mullerian struc-
tures showed a significant association between
abnormal ovarian structure and TT genotype. Earlier,
it was shown that MTHER polymorphism increases the
plasma Hcy concentration, which significantly inter-
feres with ovarian activity and is associated with lower
estrogen levels in females by influencing the ovar-
ian responsiveness to FSH for follicular maturation
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and is also responsible for decreasing ovarian reserve
[5]. Later, contradicting results were reported about
the C677T genotype’s association with the depletion
of ovarian reserve [4]. The discrepancies in the stud-
ies indicate the requirement for further well-designed
research, for which the present study provides the
foundation for assessing the involvement of the C677T
genotype in ovarian development and ovarian function.
We observed that 9 out of 12 females with the TT geno-
type showed either absent or streak ovaries, suggesting
the vital role of MTHFR in the development of ovaries
during embryogenesis.

In conclusion, our result suggests a strong association
between MTHFR polymorphism (C677T) and PA in
our population of West India. Since the studies report-
ing monosomy X due to chromosomal nondisjunction
caused by the MTHFR polymorphism are limited, this
report provides the foundation for studying the role of
the C677T polymorphism in the females with monosomy
X and PA because of the significant presence of the “T”
allele. The strong association between MTHER polymor-
phism and progesterone level and ovarian development
provides mechanistic information on MTHFR’s impact
on these factors. Due to the small sample size, the other
considered factors were found to be non-significant.
However, a study with a larger cohort might provide a
clear idea about the role of MTHER in the occurrence of
PA and its influence on progesterone levels and ovarian
development.

Limitations and Recommendations: The limitation of
the present study is the sample size due to the low preva-
lence of the condition. We further recommend the exam-
ination of other polymorphic variants of the MTHFR
gene for linkage disequilibrium study and also its associa-
tion with the mechanism of chromosomal segregation as
well as female ovulatory cycles.
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FSH Follicle-stimulating hormone
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PCOs Polycystic ovarian syndrome
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