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rs7903146 mutation of Type 2 diabetes
mellitus-related gene TCF7L2 is not associated with
polycystic ovary syndrome in a cohort of Turkey

Emre Tagkin'*

, Semra Eroglu?

SUMMARY

OBJECTIVE: The aim of this study was to investigate whether TCF7L2 gene mutation rs7903146 is in association with polycystic ovary

syndrome (PCOS).

METHODS: A total of 44 PCOS and 48 control participants were recruited for this study. After DNA extraction from peripheral blood,
quantitative PCR method was used for genotyping. With a case-control study design, two groups were compared for genotype and

allele frequencies as well as clinical characteristics.

RESULTS: Mean testosterone level was significantly higher in PCOS group, whereas mean progesterone level was significantly higher

in control group. In PCOS group, mean thyroid-stimulating hormone (TSH) level was significantly higher in polymorphic allele carriers.

Genotype and allele frequencies were not different between groups.

CONCLUSIONS: When investigated for the first time in a population from Turkey, no association between PCOS and TCF7L2 gene

rs7903146 polymorphism was detected. However, considering contradictory results of other populations and low cohort scale of this

study, replication studies with greater cohorts are needed.
KEYWORDS: PCOS. TCF7L2. Rs7903146. Polymorphism. Turkey.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is an endocrine disease
of women characterized by polycystic ovaries, as well as high
levels of androgens, hyperinsulinemia, and absence of ovula-
tion®. It is concluded that both genetic and environmental fac-
tors cause PCOS condition. However, etiology of the disease
is still unclear. Diagnosis of PCOS may be made according
to criteria of two consensuses?. First, as declared by the US
National Institute of Health (NIH) in 1990 and second, as
declared by the American Society for Reproductive Medicine
(ASRM) and the European Society of Human Reproduction
and Embryology (ESHRE) in 2003, which is called Rotterdam

criteria®*. According to Junior Soares et al.,? the most recent
and accepted consensus is addressed by the Androgen Excess
and Polycystic Ovary Syndrome (AES-PCOS) Society who
recommends the presence of hyperandrogenism accompanied
by chronic anovulation and/or imaging of polycystic ovaries
for diagnosis of PCOS?. Clinical manifestations may vary
from mild to serious level. Also, women with PCOS are at
higher risk of metabolic conditions such as obesity, insulin
resistance (IR), and diabetes. IR is one of the most prom-
inent characteristic of the PCOS disease, such that these
patients are most likely to develop type 2 diabetes (T2DM)°.

Also, some PCOS patients may show clinical signs of hirsutism,
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alopecia, and acne®. The pathophysiological features like IR
and hyperinsulinemia of T2DM are similar to PCOS, mak-
ing T2DM-associated genetic variants plausible candidates
for PCOS. On the reproductive physiology side, due to hor-
monal derangement in PCOS, maturated follicles may not
function as fertile eggs’.

A number of genetic variations have been analyzed and
associated with PCOS and selection of the candidate genes
investigated before were based on their function and molec-
ular pathway. Also considering approximately 70% of PCOS
patients also develop IR, it is concluded that IR may be closely
relevant to etiology of PCOS®. Additionally, IR-related con-
ditions such as normal body mass index and medication for
IR improve PCOS clinical condition such as rebalancing hor-
mones and resuming normal ovulation’.

Transcription factor 7-like 2 (TCF7L2) gene resides on
chromosome 10q25.2 and has 17 exons with approximately
21.5 kb length'®. TCF7L2 is a transcription factor that par-
ticipates in Wnt signaling pathway, particularly playing a role
in maintaining blood glucose levels by repressing proglucagon
gene of intestinal endocrine and pancreatic cells''. Wnt path-
way participates in multiple processes in the cell-like prolifer-
ation, apoptosis, and differentiation'?.

157903146 polymorphism is strongly related to T2DM
development by Wnt pathway through islet cells of pancreas
and interacting with insulin secretion genes'®. Wnt pathway
also regulates proliferation and apoptosis mechanisms of the
B-cells of pancreas, thus has the ability to make changes in the
insulin activity'®. Being multitasking and a key to born and
survival of the cell, this pathway was found to be related with
many degenerative diseases such as cancer and Alzheimer’s dis-
eases. Also, it was shown that in PCOS ovaries, Wnt signaling
members display altered expression'®. Another known effect of
Wnt pathway is that adolescent girls with Wnt 4 mutations
display hyperandrogenism'®. Furthermore, TCF7L2 protein
induces production of various proteins that are involved in
insulin secretion and represses proglucagon synthesis across
Wnt pathway'”'®. The link between TCF7L2 (rs7903146)
and PCOS comes from being TCF7L2 a transcription factor
of Wnt signaling pathway that is included in diabetes melli-
tus, a frequent accompanying complication of PCOS". Also, it
was suggested that TCF7L2 gene was expressed in visceral and
subcutaneous tissue for regulating glucose homeostasis via Wnt
signaling pathway, indicating a possible link between this poly-
morphism and PCOS?. Also, Lee et al. reported an eye-catch-
ing feature of Wnt pathway which activated Wnt pathway in
nondiabetic mice fed with high-fat diet*. Genetic polymor-
phisms in TCF7L2 were reported to be clearly associated with
T2DM as well as dysfunction of B cells?. Wnt pathway also
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referred as Wnt/b-Catenin pathway also has a function of drug
metabolism in primary human hepatocytes that may be used
for evaluating drug hepatoxicity?.

rs7903146 is one of the candidate polymorphisms for the
direct association with PCOS among other single nucleotide
polymorphisms (SNPs) in the gene. The polymorphic nucle-
otide resides in an intron, which is a not a coding nucleotide
for the protein itself. Since TCF7L2 directly effects insulin
secretion that is associated with PCOS, rs7903146 was chosen
for investigating its associations with PCOS. Considering its
molecular mechanism, TCF7L2 stands as both activator and
repressor of Wnt pathway regulatory genes, thus, it is one of
the most influential risk genes on developing T2DM condi-
tion that is related to PCOS>.

To date, using candidate gene approach, several genes
were investigated in terms of their association with PCOS.
Since detailed mechanism of PCOS is still unclear, this approach
yielded negative results from studies. In GWAS studies, 11 loci
out of 70 candidate genes were found associated with PCOS*.
Thus, when investigating the association of TCF7L2 with
PCOS, rs7903146 stands as one of the most plausible SNPs
to investigate. To date, association of rs7903146 with PCOS
was investigated in the UK, Finland, Tunisia, Greece, Bahrain,
Korea, Brazil, India, Czech Republic, and China®. Majority of
these studies failed to detect the association, except in the study
conducted by Greece.

METHODS

Sample collection

Case group of 44 and control group of 48 individuals were
included in this study from Education and Research Hospital
of Karabiik University. Control and case groups were matched
in regard to their age. Individuals who went to hospital for peri-
odic controls were taken as control group, whereas individuals
diagnosed with PCOS according to Rotterdam criteria after
clinical examination, laboratory testing, and ultrasonography
were taken as case group. Relatives, taking medication, and
having chronic diseases were set as exclusion criteria. All sub-
jects were informed and signed written consent. Study pro-
tocol was approved by ethics committee of medical faculty of
Karabiik University.

Biochemical analysis
About 2 mL of peripheral blood were draw to EDTA-containing
tubes from all participants after 12-h of fasting. Siemens ADVIA
Centaur® XP electrochemiluminescence assay was used for

hormone level measurement. Biochemical measurements of

Rev Assoc Med Bras 2021;67(8):1130-1136



Is rs7903146 polymorphism creates a risk for PCOS?

blood glucose levels were made with ADVIA® 2400 Clinical
Chemistry System that uses spectrophotometry.

DNA extraction and analysis

DNA was extracted from leukocytes of peripheral blood according
to attached protocol (GF-1 Blood DNA Extraction Kit, Vivantis,
Malaysia). Extracted DNA was stored at -20°C. Specific prim-
ers were designed using Primer3 software®. Real-time quanti-
tative PCR method was performed in 20 uL PCR mix using
Eva Green DNA binding dye (SNP, Turkey). ABI 7,500 Real
Time PCR system was used for performing qPCR and analysis
of the CT levels (Thermo Fisher Scientific Inc.).

Statistical analysis
Both groups were detected for Hardy-Weinberg equilibrium by
chi-square analysis. Normal distributions of all variables were
controlled by using Kolmogorov-Smirnov test. Continuous vari-
ables were tested using Student’s t-test for variables compatible
with normal distribution and given as meantstandard devia-
tion. For clinical data not compatible with normal distribu-
tion, Mann-Whitney U test was used (progesterone clinical

data). Alpha level for statistical significance were determined

as p=0.05. Chi-square test was used to determine significant
level of genotype and allele frequency distribution between con-
trol and PCOS groups. Homogeneity of variances were tested
before analysis of variance by Leven’s test. ANOVA method
was used for testing the differences of clinical data except pro-
gesterone between genotypes in PCOS group. Since distribu-
tion of progesterone levels do not follow normal distribution,
levels between genotypes were tested by Kruskal-Wallis test.
For evaluation of effects of genotypes on PCOS, logistic regres-
sion analysis was performed. In all tables, data were given for

all available subjects.

RESULTS

Testosterone level of PCOS group was significantly elevated
compared with controls (p<0.01). Progesterone level in con-
trol group was significantly increased than that of PCOS group
(p<0.01). Other measurements of clinical data did not give any
significant difference between groups (Table 1). In PCOS intra-
group comparison between genotypes, only thyroid-stimulating
hormone (TSH) level of CT+TT genotypes were significantly
higher than that of CC genotype in dominant model (p<0.05).

Table 1. Clinical data of subjects and comparison of clinical characteristics between genotypes in case group.

e e e [ e o
Age (years) 26.147.1 23.745.8 | >0.05| Genotype CC+CT CT+TT

BMI (kg/m?) | 24.9+35 241454 | >0.05 | BMI (kg/m?) | 24.325.6 | 22.5+3.3 | 0.45 | 23.55.9 | 24.5+5.03 | >0.05
Insulin 127450 109440 | >00s| nsulin 107437 | 99436 | 059 | 108+43 | 105432 | >0.05
(pmol/L) (pmol/L)

Testosterone | 4 15,039 | 1.58+0.57 |<0.01| 1ESIOStEIONe |4 56,060 1.53+0.29 | 0.831 | 1.46+0.63 | 1.6840.52 | 0.05
(nmol/L) (nmol/L)

Fasting Fasting

glucose 4.96+0.53 | 5044042 |>0.05| glucose |5.03+0.44 | 5.16+0.28 | 0.509 | 4.99+0.44 | 5.09£0.41 | >0.05
(mmol/L) (mmol/L)

Estradiol |55 9419031 [ 196.03488.84| 0,05 | SOl | 50489 | 132166 | 0.086| 197474 | 195£101 | 50,05
(pmol/L) (pmol/L)

FSH (IU/L) 7.6742.76 | 6.96+2.08 |>0.05| FSH(UL) |6.81+1.96|7.9142.81 | 0.227 | 6.90+2.22 | 6.98+2.02 | >0.05
LH (IU/L) 8.1343.90 | 859+44.28 |>0.05| LH(UL) |8.67+4.36|7.93+3.89 | 0.749 | 8.86+4.41 | 8.33+4.24 | >0.05
Progesterone Progesterone

(ng/mL) 15.45412.75 | 3.85:7.63 |<0.01| (ng/ml) |3.65£7.70| 7.55+3.38 | 0.408 | 2.05£1.36 | 5.29+10.0 | >0.05
(nmol/L)* (nmol/L)*

e agn 1084518 | 1174468 |>005| TOR&N |y cei18]120043.74| 0.6 |12.6384.98| 11.014443| >0.05
(ug/l) (ug/L)

TSH (IU/L) 2174109 | 2.47+1.16 |>0.05| TSH(UA) |2.59+1.13| 1.74+1.10 | 0.095 | 2.02+0.99 | 2.80+1.18 | 0.028

PCOS: polycystic ovary syndrome; BMI: Body mass index; FSH: follicle-stimulating hormone; LH: luteinizing hormone; TSH: thyroid-stimulating hormone.
*Progesteron levels were compared by Mann-Whitney U test due to noncomformity to parametric test requirements. Only available data were included.
Standard deviations are given after+symbol. The values highlighted in bold are intended to draw the reader’s attention to statistically significant variables
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Genotype and allele frequency comparison is given in
Table 2. There was no difference between groups, either for
genotype or for allele frequencies (p>0.05).

Logistic regression analysis were given in Table 3. For unad-
justed and adjusted models, polymorphism did not have effect
on placing in any groups (p>0.05, OR: 1.571, 95%CI 0.675—
3.657; p>0.05, OR: 1.810, 95%CI 0.751-4.361, respectively).

DISCUSSION

Here, we aimed to investigate whether rs7903146 polymor-
phism of the TCF7L2 gene is in association with PCOS in a
population from Turkey. Studies from other countries such as
Europe, China, Korea, and Brazil yielded negative resules”?!.
In a population from Tunisia consisting of Arabic and Turkish
origins; from Bahrain consisting of Jafari Arabs, Sunni Arabs,
and Iranians, association between PCOS and rs7903146 was
rejected'®*. As the first time in a population from Turkey,
our goal was to detect whether there is an association between
TFC7L2 gene rs7903146 polymorphism and PCOS as well
as to compare the clinical data and elucidate polymorphism
frequency of the groups. In this regard, we recruited 44 PCOS
and 48 control subjects.

In our comparison of clinical data between groups, we have
found that testosterone level was significantly higher in PCOS

Table 2. Genotype and allele frequency comparison.

group compared with controls (Table 1; p<0.01). In studies
from Greece, Korea, and Brazil, similar testosterone comparison
results were reported?®3®*. This result is expected since hyper-
androgenism displays elevated testosterone levels. This condi-
tion physiologically may result from increased production of
testosterone from polycystic ovarium. Increased testosterone also
may be stimulated by increased insulin levels and IR but we did
not detect any significant difference in insulin levels between
groups (Table 1; p>0.05). Also, we have found that progester-
one level was significantly higher in control group (Table 1;
p<0.01). However in Greece study, progesterone comparison
gave contradictory result as being higher in PCOS group®.
We did not encounter more progesterone level comparison in
similar studies. Although higher progesterone levels in PCOS
patients is expected due to hyperandrogenism, our result may
be due to desensitization of hypothalamus as this condition is
also presented in PCOS patients.

In our cohort, genotype and allele frequencies did not
represent any significant difference between case and control
groups (Table 2; p>0.05). Our control group was compatible
with Hardy-Weinberg equilibrium. In Greece study, polymor-
phic T allele frequency was borderline significantly higher in
PCOS group creating a weak predisposition to PCOS, although
genotype frequencies did not represent an association between

57903146 polymorphism and PCOS (p=0.04)*. In a cohort

I N7 rcos a9 | p |

22 (55) 21 (44)

rs7903146 n (%) cT 10 (25) 21 (44) >0.05
T 8 (20) 6(12)

Allele frequencies C/T 0.67/0.33 0.66/0.34 >0.05
cc 22 (55) 21 (44)

rs7903146 n (%) >0.05
CT+TT 18 (45) 27 (56)

PCOS: polycystic ovary syndrome. Odds ratio for CT+TT between groupsis 1,571 (95%Cl 0.675-3.657).

Table 3. Logistic regression analysis.

Unadjusted model Adjusted model”

OR (95%Cl)

OR (95%Cl)

) CC+CT 1 1
Recessive model 0.3 0.41
T 0.571(0.180-1.812) 0.607 (0.187-1.970)
i CcC 1 1
Dominant model 0.3 0.19
CT+TT 1.571(0.675-3.657) 1.810(0.751-4.361)

OR: odds ratio; Cl: confidence interval. “Adjusted for age and body mass index.
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from Bahrain, who are ethnically close to Turkey, that includes
Turks, 157903146 was not associated with PCOS (p>0.05)*.
Similar to this study, Barber et al.?® had the largest cohort (369
PCOS patients and 2,574 controls for one study and 540
patients and 1,083 patients for another) consisting ethnicities
of British, Irish, and Finnish subject, yet they did not detect
any association (p>0.05). In a study with Korean population
containing 377 patients and 386 control subjects, again asso-
ciation was lacking between rs7903146 polymorphism and
PCOS (p>0.05)*. In a study from India with 248 patients and
210 control subjects, no association also reported (p>0.05)*.

We performed intragroup comparison of clinical character-
istics for PCOS patients. Unexpectedly, we detected a signifi-
cant difference of only TSH, being higher in polymorphic car-
riers (CC versus CT+TT) compared with homozygous normal
subjects (Table 1; p<0.05). Although subjects who have known
thyroid dysfunction were excluded from the study, this differ-
ence may result due to unknown impaired thyroid function of
included subjects. Another reason may be that TSH is a struc-
turally similar hormone to follicle-stimulating hormone (FSH),
thus may increase as a result of positive feedback in the case
of hormone imbalance in PCOS patients, especially for poly-
morphic allele carriers. We are not able to compare this result
with other studies, since they did not represent TSH values of
case and control groups due to excluding thyroid dysfunction
patients from their cohort.

Regression analysis did not show any influence of rs7903146
polymorphism on having PCOS in both unadjusted and adjusted
models (p>0.05). This result is expected since we did not
detect any association between the polymorphism and PCOS
in chi-square analysis. GWAS studies offered candidate genes
for association with PCOS, especially T2DM-related genes.
Since PCOS is also an endocrine disorder that is closely related
to IR, T2DM-associated genes like TCF7L2 were investigated
with GWAS and for association with PCOS. However, many
attempts failed to show association with PCOS. Our results
that show PCOS is not associated with rs7903146 polymor-
phism support the conclusion which, although this polymor-
phism is one of the major genetic determinants of IR, it does

not directly affect PCOS.

When we consider case-control studies, the effect of poly-
morphisms on PCOS seems to be very slight. However, this
consideration may result from relatively small sample sizes of
conducted studies similar to this study. In this regard, studies
with larger cohorts are needed to achieve more powered and
accurate statistics.

PCOS susceptibility gene research progress slowly compared
with other diseases such as obesity and T2DM. Phenotypic het-
erogeneity is one of the most preclusive factors which prevents
conclusions for which genes and variants may be included in

PCOS pathophysiology.

CONCLUSIONS

Limitation of this study is lower recruited sample size compared
with similar studies. On the other hand, strength of this study is
being the first investigation of rs7903146 in a population from
Turkey and exclusion of diabetes mellitus and other metabolic
disease carriers, thus focusing on only the association between
PCOS and the polymorphism. In this study, we conclude that
1s7903146-coded polymorphism of TCF7L2 gene is not asso-
ciated with PCOS in a cohort from Turkey. Considering that
this is a pilot study that has a lower sample size and contra-
dictory results of similar studies, replicating with a larger and
more inclusive cohort that better represents the population of

Turkey is recommended.
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