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Abstract. — OBJECTIVE: Transcription fac-
tor 7-like 2 (TCF7L2) gene variants confer risk for
type 2 diabetes and metabolic traits. We inves-
tigated the role of TCF7L2-variants in polycystic
ovarian syndrome (PCOS), which is a common
endocrine metabolic disorder affecting women
of reproductive age. We tested whether TCF7L2
variants are in linkage to and/or in linkage dis-
equilibrium [(LD), namely linkage and associa-
tion)] with PCOS.

PATIENTS AND METHODS: Within 212 fam-
ilies from the Italian peninsular population, we
analyzed 78 variants using Pseudomarker soft-
ware for linkage to and LD with PCOS under the
dominant model with complete penetrance (D1).
In a secondary analysis, we tested the variants
under the recessive models with complete pen-
etrance (R1), dominant with incomplete pene-
trance (D2), and recessive with incomplete pen-
etrance (R2). We tested through in silico analy-
sis the risk variants to detect any potential func-
tional effects.

RESULTS: We identified a total of 14 variants
in the TCF7L2 gene significantly linked to and/or
in LD with the risk of PCOS (p < 0.05) across dif-
ferent models.

CONCLUSIONS: This study is the first to re-
port TCF7L2 linkage and linkage disequilibrium
in Italian families with PCOS.
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Introduction

Polycystic ovarian syndrome (PCOS) is a com-
plex genetic disease characterized by heritable
reproductive, metabolic, and endocrine abnor-
malities!. Tt is considered a polygenic pathology
that might result from the interaction of suscepti-
ble genomic variants and environmental factors?.

The classical clinical characteristics of PCOS
are hyperandrogenism, oligomenorrhea, chronic
anovulation, and hyperinsulinemia with insulin
resistance (IR)*. PCOS has been associated with
the potential risk of cardiovascular and cerebro-
vascular events, lipid metabolic disorders, type
2 diabetes mellitus (T2D), impaired glucose tol-
erance (IGT), pregnancy-linked complications,
gestational diabetes, venous thromboembolism,
and endometrial cancer”.

T2D and PCOS significantly overlap in patho-
physiological features with insulin resistance as
a central driver, and share genetic features be-
tween them'. Transcription factor 7-like 2 gene
(TCF7L2) is the most potent T2D locus reported
to date®, and it has been replicated in several
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ethnic groups’. Thus, TCF7L2 was proposed
as a possible PCOS-candidate gene. Several
associations of TCF7L2 variants were previous-
ly reported with PCOS-metabolic phenotypes?.
TCF7L2 T2D risk alleles have been associated
with markers of pancreatic B-cell dysfunction
conferring risk for T2D in the general popu-
lation’ and glucose intolerance in women with
PCOS and dysglycemia'®. The TCF7L2 PCOS-
risk has been associated with decreased insulin
sensitivity in women of European ancestry®.
The TCF7L2 T2D risk allele (rs12255372 T)
was associated with a trend towards decreased
insulin secretion in Greek women with PCOS'".
Nevertheless, negative results have also been re-
ported, such as in Turkish women, in which the
TCF7L2 rs7903146 variant was not associated
with PCOS', and in South Brazilian women,
in which the TCF7L2 rs7903146 and rs11196236
were not associated with PCOS'. Thus, more
studies are needed.

We recently reported TCF7L2 linkage to and
linkage disequilibrium with T2D and major
depressive disorder™. Of note, PCOS is associ-
ated not only with T2D' but also with depres-
sion and anxiety'®. Thus, in the present study,
we aimed to investigate whether T7CF7L2 was
linked to or in LD (that is, linkage and associ-
ation) with the PCOS phenotype in peninsular
Italian families.

Patients and Methods

In the current study, we studied 212 Italian
families ascertained first for familial T2D and
then phenotyped for PCOS, by following the
PCOS Rotterdam diagnostic criteria (presence of
at least two of these three characteristics: chronic
anovulation or oligomenorrhea, clinical or bio-
chemical hyperandrogenism, and/or polycystic
ovaries)!’. Informed consent was obtained from
all subjects before participation, and the study
followed the Helsinki Declaration guidelines. The
Bios Ethical Committee approved the study.

We genotyped 78 single nucleotide polymor-
phisms (SNPs) within the TCF7L2 gene using
microarray in the family members after exclud-
ing identical twins and subjects with uncertain
paternity. The genotyped markers were tested
using Pseudomarker® for parametric linkage to
and/or LD with PCOS and the dominant model
with complete penetrance (D1). Sequentially, the
markers were tested for linkage and/or LD using

the recessive model with complete penetrance
(R1), the dominant model with incomplete pene-
trance (D2), and the recessive model with incom-
plete penetrance (R2).

In Silico Analysis

Using different in silico functional prediction
tools, we analyzed the risk variants for their
potential role in transcription-factor binding,
splicing, and regulatory potential (SNPnexus*,
SNP2TFBS?, RegulomeDB?*, and mirSNP?7).

Statistical Analysis

Genotyping and Mendelian errors were ex-
cluded using PLINK". We considered p-values <
0.05 statistically significant. To infer the presence
of LD blocks, we calculated the correlation coef-
ficient between the detected risk variants using
the LD matrix of the Tuscany Italian population
derived from the 1000 Genomes Project (https:/
www.internationalgenome.org/data-portal/popu-
lation/TSI).

Also, by analyzing the LD matrix of the
above-mentioned Tuscany population, we tested
for LD the identified PCOS-risk variant rs7917983
risk allele (C) with the risk allele T of the 7C-
F7L2-variant (rs7903146), which was previously
extensively studied in PCOS?%.

Results

We identified a total of 14 SNPs in the TCF7L2
gene significantly linked to and/or associated
with the risk of PCOS (p < 0.05) across differ-
ent models (Table I, Figure 1). All risk variants
are intronic, and two variants were in LD block
(Set01). All the variants are novel and were not
previously reported with PCOS.

In Silico Findings

All risk variants reported in our study intersect
with active chromatin transcription in the adipose
tissue and ovarian tissue (except rs17130183 and
rs34855922, which intersect with repressed chro-
matin in the ovaries) (RegulomeDB?%%),

Discussion
In this study, we report in Italian families

the novel linkage and LD (i.e., linkage and
association) of 14 variants in the TCF7L2 gene
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Table I. Polycystic Ovarian Syndrome (PCOS) TCF7L2-Risk Single Nucleotide Polymorphisms (SNPs).

Reported in PCOS
Risk or in a related
Model' SNP Position Ref AIt allele Consequence LD block phenotype?2
R2 152094405 112955930 C T C Intronic Independent Novel
DI1,RI1,R2 rs10885398 112956171 A G A Intronic Independent T2D-MDD
comorbidity (14)
DI, D2,R1,R2  rs2296784 112963800 T C C Intronic Set01 Novel
DI,D2,R1,R2  rs61875109 112969804 C A A Intronic Set01 Novel
RI1,R2 rs12573128 112971038 A G G Intronic Independent Novel
D2 rs7917983 112973123 T C C Intronic Independent Subcutaneous
fat mass (28)
RI1,R2 1rs74825300 113030349 C T T Intronic Independent T2D-MDD
comorbidity (14)
D1 1s35198330 113085025 T G G Intronic Independent Novel
RI,R2 156585205 113099405 G T T Intronic Independent T2D (14)
D2 rs17130183 113105435 T C T Intronic Independent Novel
D1 1534855922 113111835 A G G Intronic Independent Novel
D1 151362943 113128849 G A A Intronic Independent Novel
D1,D2 rs112775103 113153279 T G G Intronic Independent T2D (14)

"Models: DI: dominant, complete penetrance, D2: dominant, incomplete penetrance, R1: recessive, complete penetrance,
R2: recessive, incomplete penetrance; variants highlighted in red were found in our previous study in T2D and/or MDD (14).
Polycystic ovarian syndrome, polycystic ovary, PCOS, irregular menses, anovulation, infertility, oligomenorrhea, obesity,
metabolic syndrome, insulin resistance, type 2 diabetes, T2D, hyperandrogenism, hirsutism, alopecia.

with the risk of PCOS. The TCF7L2 gene is
known to confer a risk for T2D in several pop-
ulations®?’, including the one under study', as
well as confer a risk for PCOS*. Two variants

in our study (rs6585205 and rs112775103) were
previously linked to and/or in LD with the
risk of T2D, and two variants (rs10885398 and
rs74825300) were previously linked to and/or
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Figure 1. Parametric Analysis Results of Polycystic Ovarian Syndrome (PCOS) TCF7L2-Risk Single Nucleotide Polymorphisms
(SNPs). Legend. For each TCF7L2-risk single nucleotide polymorphisms in PCOS, we present the —log, (p) as a function of the
significant (p < 0.05) test statistics (Linkage, Linkage Disequilibrium [LD]|Linkage, LD|NoLinkage, Linkage|LD, and LD +
Linkage) and per inheritance model. D1: dominant, complete penetrance, D2: dominant, incomplete penetrance, R1: recessive,
complete penetrance, R2: recessive, incomplete penetrance. The most significant test statistics are underlined.
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in LD with the risk of T2D-MDD comorbidity
in Italian families", although with different
risk alleles. It is possible that these disorders
are contributed to by different alleles within
the variants influencing expression or gene
regulation or that the risk variants potential-
ly comorbid for the disorders are in LD with
other pathogenic variants. This illustrates the
complexity of reciprocal intertwining between
mental and metabolic disorders in their genetic
pathogeneses and indicates that risks could be
mediated by allele-specific roles or a network
of variants acting through epistasis. However,
the variant (rs6585205) has also been studied
with schizophrenia in the Chinese population,
but no association has been found*’.

The pathogenic role played by the T7C-
F7L2-variants reported in our study in the risk of
PCOS could not be fully elucidated. The risk al-
lele (C) of the variant (rs7917983) was previously
found to have a role in subcutaneous fat mass®,
potentially relating to obesity and insulin resis-
tance®'. Within the Tuscany population tested,
the same rs7917983 risk allele (C) also highly
correlates — that is, it is in LD — with the risk al-
lele T of the TCF7L2-variant (rs7903146), which
has been extensively studied in PCOS**-2* albeit
with inconsistent results?*?*. The remaining risk
variants, however, have not been previously
implicated in any of PCOS-related phenotypes
(e.g., irregular menses, anovulation, infertili-
ty, oligomenorrhea, obesity, insulin resistance,
T2D, hyperandrogenism, hirsutism). Their func-
tional roles, therefore, remain to be discovered.
The risk variants intersect with active chromatin
in the adipose tissue and thus with potential pos-
itive gene expression. This is inconsistent with
two other PCOS-risk variants previously asso-
ciated with TCF7L2 gene downregulation in the
adipose tissue of Finnish patients with T2D.
This gene expression discrepancy in the adipose
tissue could be due to variant-specific differen-
tial roles within the framework of LD between
the 2 variants, variable population genetic archi-
tecture, which would require further genotyp-
ing, sequencing, and testing, or likely epistatic
interactions across variants, whose functional
network-related outcomes should be analyzed as
a whole, albeit this is a complex task.

Limitations

This study has been conducted in a homoge-
nous monoethnic population, and it needs to be
replicated in other ethnic groups in order to reach

more solid conclusions. Furthermore, functional
studies are needed to confirm the implication of
the TCF7L2 gene and its reported variants in the
pathogenesis of PCOS.

Conclusions

Due to the high morbidity and mortality that
PCOS confers, it is fundamental to understand
its pathogenesis in order to develop strategies for
prevention, treatment, and possibly a cure. In this
study, further TCF7L2 pleiotropic effects were
detected in PCOS. These effects will need to be
replicated in other ethnic groups than the one we
studied.
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