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Abstract

Background Vitamin D receptor (VDR) regulates insulin sensitivity, lipid metabolism and hormone balance in women.
There are contrasting opinions on influence of VDR gene polymorphism for PCOS predisposition. Therefore, the present
study investigated associations between VDR polymorphism (FOK1 and APA1) and PCOS phenotype as well as related
biochemical and clinical parameters.

Methods A total 240 female participants were enrolled in the study which consists of 120 women with PCOS and 120
control in group. We collected 5 ml of blood from each participant from which 3 ml was used for biochemical analysis and
2 ml was used to investigate genetic polymorphism in VDR genes via PCR-RFLP. Chi-square test, one-way ANOVA and
Kruskal-Wallis test were used for the data analysis.

Results We found that polymorphism in FOK1 and APA1 genotypes were significantly associated with the body mass index
(BMI), high-density lipoprotein (HDL), prolactin level and fasting blood sample (FBS), total cholesterol, triglyceride, HDL
level respectively among PCOS patients (p-value < 0.05). Similarly, APA1 polymorphism was also associated with the
hip-waist ratio, FBS, HDL, LDL and LDL/HDL ratio, estradiol and prolactin level in control group (p <0.05). However,
we didn’t find any difference in the genotypic distribution of the FOK1 and APA1 gene polymorphs among the PCOS and
controls group (p > 0.05).

Conclusion The polymorphism in FOK1 and APA1 genes can indirectly alter the biochemical parameter and hormonal
balance in body which might contribute to the development of PCOS. Dyslipidemia and hormonal imbalance must be ruled
out in relation to VDR gene polymorphism in PCOS.
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infertility. Globally, the prevalence of PCOS ranges from 6 to
20%, whereas recently it has been reported that 8.2% to 22.5%
women in India are diagnosed with PCOS [1, 2]. It is often
characterized by oligo/anovulation (OA), hyperandrogenism
(HA) and polycystic ovary morphology (PCOM). Generally,
there are four phenotypes of PCOS women: phenotype A (HA,
OA and PCOM), phenotype B (HA and OA), phenotype C
(HA and PCOM) and phenotype D (OA and PCOM) [3].
The underlying etiopathogenesis of PCOS is unclear and still
under active research. However, few studies have unraveled
a complex interplay of neurological, endocrine and genetics
factors for predisposition of PCOS [4]. About 67% to 87%
of PCOS women experience a higher prevalence of vitamin
D deficiency, and it has been identified as major contributor
for insulin resistance, ovulatory dysfunction and hyperandro-
genemia [5]. Moreover, vitamin D is involved in a wide range
of biological processes including hormonal and metabolic
disorders such as PCOS. Most of the biological processes of
vitamin D are mediated through vitamin D receptor (VDR),
which is widely expressed in reproductive organs including
ovaries, uterus and testes. When calcitriol (1a,25-(OH)2 D)
binds with free floating VDR and retinoic acid receptor, a het-
erodimer complex is formed that translocate into the nucleus.
This complex transcribes the VDR gene located on chromo-
some 12q13.11, which leads to cellular response and systemic
effects such as insulin sensitization, lipid metabolism and anti-
inflammatory effects [6]. Recently, a wide range of genetic
alterations responsible for PCOS have come into spotlight,
they can be either polymorphic or single-nucleotide variations
(SNP). Single-nucleotide polymorphisms are the most preva-
lent genetic variations implicated in various diseases including
PCOS. There are four most widely studied single-nucleotide
polymorphisms in VDR gene, namely FOK1 (rs10735810),
BSMI (1s1544410), APA1 (1s7975232) and TAQ1 (1s731236).
These polymorphisms have also been associated with the com-
mon presentation of PCOS such as obesity, insulin resistance,
increased serum levels of testosterone and luteinizing hormone
and low levels of vitamin D [7]. In the past decade, various
endeavors have been made to establish association between
VDR gene polymorphism and PCOS predisposition. How-
ever, the results are inconsistent, and epigenetic factors may
play a role in the variations among different races. Moreover,
the evidence in Indian population is scarce [8]. Therefore, we
aimed to investigate the possible associations between VDR
polymorphism (FOK1 and APA1) and PCOS phenotype as
well as related biochemical and clinical parameters.
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Materials and Methods
Study Population

In this case—control prospective study, a total of 120 PCOS
patients of age group 18—40 years diagnosed based on Rot-
terdam criteria (Smet and McLennan, 2018), i.e., oligo and /or
amenorrhea or anovulation, clinical and /or biochemical signs
of hyperandrogenism and polycystic appearance of ovary on
ultrasonography in case group. Patients with similar symp-
toms but diagnosed with other metabolic disorders such as
hyperprolactinemia, androgen-secreting tumors, Cushing’s
syndrome, and nonclassical congenital adrenal hyperplasia,
patients on supplementation of vitamin D, estrogen, proges-
terone, combined oral contraceptive pills (OCPs), gonadotro-
pins and antiepileptic drugs were excluded from the study.
Similarly, 120 women between the age group of 18-49 years
with regular menstrual cycles (26—34 days) and normal ovar-
ian morphology were included as controls. The study was
initiated after the approval of the study from the Central
Ethics Committee (CEC) on human subjects (Ref. No.: NU/
CEC/2018/0205 dated on 12.10.2018), and informed consent
was obtained from each participant. Further, the study was
performed according to the Declarations of Helsinki.

Clinical Data Collection

Patient demographic details and anthropometric measurements
such as weight, height, BMI (body mass index) and waist-to-
hip ratio (WHR) were measured.

Biochemical Tests

Five milliliter of peripheral blood was collected, of which 3 ml
was used for biochemical analysis and remaining for genotyp-
ing. The hormonal levels, such as follicle-stimulating hormone
(FSH) and luteinizing hormone (LH), prolactin (PRL), total
testosterone (T) and estradiol (E2), were done on 2nd or 3rd
day of menstrual cycle using an automated ELISA reader.
Additionally, vitamin D levels and fasting insulin levels were
performed by commercially available ELISA kits, and absorb-
ance was read by (Spark Tecan) ELISA reader. Fasting blood
glucose (FBS) was measured using a semi autoanalyzer. The
homeostatic model assessment of insulin resistance (HOMA.-
IR) formula was used to calculate HOMA-IR: HOMA-
IR =fasting insulin (IU/mL) *[fasting glucose (mg/dL)]/405.

Genomic DNA Extraction and Detection of VDR
Polymorphisms

The remaining 2 ml blood was collected in a EDTA tube.
A commercially available kit was used to isolate DNA from
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Table 1 Details of primers,

Primer sequence Restriction enzyme, incuba- Product size

tion temperature

. . . Genes Location (nucleotide
restriction enzyme, incubation change)
temperature and product size for
FOKI1 and APA1 gene FOK1 Exon 2
CtoT
APA1 Intron 8
Cto A

5-AGCTGGCCCTGG  FOKI, 55 °C C: 265
CACTGACTCTGC T: 169 +96
TCT-3 (F)

5-ATGGAAACACCT
TGCTTCTTCTCC
CTC-3' (R)

5-CAGAGCATGGAC  APAL 37 °C A: 740
AGGGAGCAAG-3 C: 5304210

)

5'-GCAACTCCTCAT
GGCTGAGGTCTC
A-3'(R)

blood collected in EDTA (Qiagen) following the manufac-
turer’s instructions. A 2% ethidium bromide-stained agarose
gel was used to determine the integrity of the DNA using a
NanoDrop spectrophotometer (NanoDropTM?2000/2000c,
Thermo-Fisher Scientific, CA, USA). Molecular genotyp-
ing for the VDR Fokl1 (rs2228570) and APA1 (rs7975232)
was performed by PCR-RFLP (polymerase chain reaction-
restriction fragment length polymorphism). The PCR was
carried out in a MJ-Mini Thermal cycler (BioRad, Japan)
with cycling parameters of initial denaturation at 95 °C for
5 min, amplification step consisting of 35 cycles at 95 °C
for 30 s, 30 s of annealing at 66 °C, treatment at 72 °C for
30 s and a final extension step at 72 °C for 5 min. The primer
detail’s restriction enzyme, incubation temperature and
product size are provided in Table 1.

Statistical Analysis

All the analysis was performed using SPSS statistical soft-
ware, version 22, IBM SPSS, version 22. We employed
Chi-square goodness of fit to compare if the genotypic fre-
quencies among cases and control follow Hardy—Weinberg
equilibrium (HWE). The association between the geno-
type and covariates of interest (clinical and biochemical
parameters) were assessed using one-way ANOVA and
Kruskal-Wallis test for parametric and non-parametric data,
respectively.

Results
Distribution of Genotype

The genotypic frequency distribution remained consist-
ent between PCOS and control group (p> 0.05). The het-
erozygote recessive (CA) was more prevalent than the
homozygotes in the case of APA1, whereas, in case of Fok
1, the homozygote dominant (CC) was very common. The

Hardy—Weinberg equilibrium was not significantly violated
by any of the genotype frequency distributions (p > 0.05).
The distribution of VDR Fok1 and APA1 genotypes among
PCOS and control group is depicted in Table 2.

Clinical and Biochemical Features in PCOS Women
and Its Association with FOK1 and APA1 Gene
Polymorphism

The overall data for fasting insulin level (18.23 +£16.25),
HOMA-IR (4.30+4.79), LDL/HDL ratio (1.67+0.81), FSH
(4.70+2.56), LH (11.52+9.25), Testosterone (3.40+2.11),
estradiol (0.62+0.45) and prolactin (581.96+316.69)
showed skewed distribution for PCOS patients, whereas
fasting insulin level (9.02 +10.04), HOMA-IR (2.04 +2.33),
FSH (4.96+2.91), LH (8.53 £6.32), testosterone
(2.44 +1.82) and estradiol (0.66 +0.38) showed skewed
distribution for control group in our data. The remaining
covariates were normally distributed for both the groups.
We found that FOK1 genotypes were significantly associ-
ated with the BMI, HDL and prolactin level among PCOS
patients (p-value <0.05), whereas we didn’t observe any
association between the FOK1 genotype and any of the
covariates among control group (p-value >0.05). Among
the PCOS women, CC genotype showed highest BMI
(26.78 + 6) followed by CT genotype (23.81 +5) and TT
genotype (23.36 +5). Further, PCOS women with CC geno-
type (50.8 +7.9) had lowest HDL levels when compared to
CT (56.71 +£13.52) and TT genotype (52.6+7.1). Addition-
ally, the highest prolactin level was observed in TT genotype
(850.59 + 189.85) followed by CT (628.27 +383.26) and CC
(548.88 +287.59) (Table 3).

Similarly, we observed significant association of APA1
genotype with the FBS, total cholesterol, triglyceride and
HDL level in PCOS group and with hip-waist ratio, FBS,
HDL, LDL and LDL/HDL ratio, estradiol and prolactin
level in control group (p <0.05). The CC genotype had the
highest FBS level and lowest HDL level in both the PCOS
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Table 2 Genotype distribution

SNP Genotype PCOS Control 2 p-value
among PCQS ar.ld control (n=120) (n=120)
group for vitamin D receptor
polymorphisms FOK1 Homozygous dominant (CC) 84 77 1.014 0.602
Heterozygous recessive (CT) 31 38
Homozygous recessive (TT) 5 5
HWE (PCOS) 0.31 0.8
HWE (control) 0.11 0.9
APA1 Homozygous dominant (CC) 35 34 0.917 0.632
Heterozygous recessive (CA) 62 57
Homozygous recessive (AA) 23 29
HWE (PCOS) 0.36 0.8
HWE (control) 0.13 0.9
and control group. The total cholesterol and triglyceride lev- Discussion

els were significantly increased in homozygous dominant
(CC) genotype in compared to the in homozygous (TT) and
heterozygous (CT) recessive genotype. Additionally, LDL
and LDL/HDL ratio was greater in CC genotype as com-
pared to the CA and AA genotype in control group. Fur-
ther, the serum prolactin levels were highest in homozygous
dominant (CC) and heterozygous (CA) genotype than the
homozygous recessive (AA) in control group. Furthermore,
the high hip-waist ratio and estradiol levels among control
group are strongly associated with homozygous dominant
(CC) and homozygous recessive (AA) genotype (Table 4).

PCOS is a metabolic havoc and is often accompanied by
multiple complications such as dyslipidemia, hypertension,
cardiovascular risk and diabetes mellitus [9]. Nearly, 241
potential gene variants have been identified in PCOS aeti-
ology with predominant involvement in steroidogenesis,
ovarian theca cell functioning, insulin secretion, fat metab-
olism, etc. [10]. Vitamin D receptor is a ligand-dependent
transcription factor of the nuclear receptor superfamily.
Although regulation of VDR gene expression by vitamin
D receptor is not completely deciphered, few studies have

Table 3 Association of biochemical and clinical parameters with the FOK1 polymorphism in PCOS and control group

Biochemical & PCOS (Mean+SD) Control (Mean +SD)
clinical parameters
CC CT TT p-value CC CT TT p-value
Waist-hip ratio 0.85+0.04 0.84+0.04 0.84+0.06 0.417 0.81+0.06 0.81+0.07 0.81+0.07 0.456
BMI 26.78 +6 23.81+5 23.36+5 0.025*% 22+4 21+4 22+4 0.899
FBS 89+18 88+16 98+15 0496 78«16 78+15 75+17 0.889
Fasting insulin level 18.79+15.6 17.23+18.73 15.15+12.35 0.602 9.66+11.53 8.36+7.4 4.56+3.32 0.631
nmol/l
HOMA-IR 4.46+4.66 4.03+5.47 3.44+2.62 0.747  2.14+2.47 1.8+1.9 0.9+0.78 0.536
Total cholesterol 160.24+35.3 161.97+36.2 190.6 +45.1 0.190 161.12+29.32 168.11+26.8 165.25+14.15 0.269
mg/dL

Triglyceride mg/dL.  125+54.7 117.8+57.5 118.4+63.6 0.814  101.83+40.47 104.87+2791 119+20.54 0.417
HDL mg/dL 50.8+7.9 56.71+13.52 52.6+7.1 0.016* 61.86+11.06 65.89+11.85 58+4.16 0.099
LDL mg/dL 96.16+33.79 91.3+£38.07 114.32+36.9 0.387 80.43+2535 87.58+25.44 83.3+14.57 0.338
LDL/HDL ratio 1.67+0.8 1.56+0.79 2.24+0.95 0.318 2.48+9.58 1.5+0.6 1.44+0.33 0.541
FSH 1U/T 4.6+2.4 5.02+3.08 438+1.5 0.823 4.81+2.61 49+2.64 7.5+8.13 0.823
LH IU/1 11.60+9.3 11.43+9.8 10.62+5.8 0.846 8.36+5.93 8.44+5.67 13.41+16.14  0.992
Testosterone 348+2.17 295+1.82 4.90+2.42 0.169 2.32+1.89 2.6+1.68 3.07x+2.13 0.387
Estradiol nmol/I 0.62+0.43 0.58+0.50 0.82+0.52 0.250 0.68+0.43 0.87+1.50.62 0.62+0.15 0.998
Prolactin mIU/L 548.88 +£287.59 628.27+383.26 850.59+189.85 0.046* 476.6+191 54448 £274.07 636.76 £483.71 0.229
Vitamin D 22.02+8.14 24.08+9.92 18.28 +3.28 0.286 25.01+12.31 26.44+12.2 26+15.5 0.695

p-value: *; significant, normal; one-way ANOVA and italics; Kruskal-Wallis test
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Table 4 Association of biochemical and clinical parameters with the APA1 polymorphism in PCOS and control group

Biochemical & clini- PCOS Control
cal parameters

AA CA CC p-value AA CA CC p-value
Waist-hip ratio 0.83+£0.02 0.85+0.04 0.85+0.05 0.630 0.80+£0.59  0.78+048  0.84+0.68 P<0.001*
BMI 2521+5.6 26.67+5.3 24.88+6.3 0.274 21.09+4.16 21.03+3.84 22.93+4.51 0.083
FBS 85.5+23.76  83.3+16.79 101.9+1248 P<0.001* 70.82+9.15 70.96+10.93 94.55+1395 P<0.001*
Fasting insulin level 17.0+13.7 16.0+16.1 25.0+17.3 0.209 6.94+14.14 6.26+6.51 1542+794  0.764

pU/mL
HOMA-IR 3.7+34 3.5+4.48 6.07+5.12 0.150 1.62+2.94 1.36+1.68  3.52+2.07 0.970
Total cholesterol 142.0+40 163.4+35.58 172.4+34.33  0.006* 159.2+31.8 15944245 171.6+25.7  0.082
mg/dL

Triglyceride mg/dL.  97.0+37.21 125.7+56.2 136.6+59.22  0.025* 105.62+24.0 97.42+35.6 112.6+444  0.148
HDL mg/dL 53.3+13.0 54.4+10.0 48.22+5.07 0.010* 65.72+14.0 65.84+9.62 55.70+7.7 P<0.001*
LDL mg/dL 81.0+26.0 100.0+39.8  98.9+31.3 0.080 79.5+275  78.1+229  93.84+23.83 0.010%*
LDL/HDL ratio 1.32+0.62 1.57+0.83 2.0+0.74 0.937 1.49+0.64 1.22+0.47 1.71+0.50 P<0.001*
FSH IU/ 3.64+1.78 4.47+2.51 579+2.72 0.554 383+193  484+1.67 6.14+4.48 0.628
LH IU/N1 9.12+7.11 10.32+7.99 1521+11.48  0.171 7.85+6.96  7.26+4.50 11.24+7.6 0.912
Testosterone nmol/l  3.27+1.72 2.75+1.73 4.64+2.44 0.999 2.58+1.73 2.89+2.10 1.56 +£0.87 0.311
Estradiol nmol/I 0.63+0.61 0.61+£0.48 0.61+£0.23 0.569 091+0.55  0.57+0.31 0.60+0.17 0.047*
Prolactin mIU/I 557.5+388.26 507.5+278.19 729.87+285.67 0.422 399.8+203.8 537.0+220.6 534.01+256.8 0.022%*
Vitamin D 21.09+8.54  24.13+10.09 20.20+5.44 0.066 2491+12.17 26.90+13.07 24.40+10.91 0.595

p-value: *; significant, normal; one-way ANOVA and italics; Kruskal-Wallis test

suggested that vitamin D receptor controls gene transcrip-
tion through coactivator or corepressor, histone acetylation
and chromatin remodeling. Calcitriol, the active form of
vitamin D, promotes insulin sensitivity, lipid metabolism as
well as production of testosterone, progesterone, estrone, and
estradiol [10, 11]. Generally, vitamin D signaling pathway
enhances insulin synthesis and release. Moreover, insulin
resistance in PCOS due to vitamin D polymorphism may
reduce hepatic production of sex hormone-binding globu-
lin which results in hyperandrogenism. Additionally, vita-
min D stimulates microsomal triglyceride protein (MTP)
via calcium influx further turning down circulating serum
cholesterol level. However, this mechanism is disrupted in
PCOS, contributing dyslipidemia in PCOS women (depicted
in Fig. 1) [12]. Previous studies have demonstrated that VDR
gene polymorphisms are linked to insulin resistance, dys-
lipidemia, and hyperandrogenism in PCOS [13]. We evalu-
ated the association of PCOS phenotype with two VDR gene
polymorphism, FOK1 (C> T rs2228570) and APA1 (C> A
1s7975232).

The variant distributions between our PCOS patients and
controls were identical. Similarly, an Iranian study found that
VDR FOK1 allelic frequencies did not present any signifi-
cant association among PCOS and control subjects [14]. In
contrast, Albahlol et al. observed a significant association
of T allele of rs2228570 (Fok1) and C allele of rs7975232
(APAT) with PCOS group. Additionally, this association was
prominent among phenotype C (hyperandrogenemia with

polycystic ovary morphology) and phenotype D (oligo/anovu-
lation with polycystic ovary morphology) [15]. Another study
by Mahmoudi et al. found that VDR APA1 CC was associ-
ated with increased risk of PCOS, whereas AC genotype was
related to decrease PCOS susceptibility and none of the FOK1
alleles were associated with PCOS [16]. Previously, it has been
reported that distribution of APA1 AA genotype and FOK1 FF
genotype in PCOS were considerably greater than controls and
were related with decreased levels of vitamin D [17]. In our
study, the biochemical and clinical parameters were associated
with the genotypic distribution of FOK1 and APAI1 alleles.
We observed that PCOS women with FOK1 CC variants and
TT variants posed abnormal BMI, HDL and prolactin levels.
Correspondingly, an Iranian study discovered statistically sig-
nificant relationship with BMI for women carrying the FOK1
CC genotype when compared to the CT genotype within the
PCOS group and suggesting obesity to be positively linked
with FOK1 gene polymorphism [18]. According to an Iraqi
study, serum prolactin levels were substantially on a higher
side in the carriers of Fok1 CC variants among PCOS patients
[19]. Further, we also found APA1 polymorphism in CC geno-
type to be associated with low levels of HDL in both PCOS
and control subjects, whereas total cholesterol and triglyceride
were was significantly associated with APA1 CC genotype in
only PCOS patients. Similarly, Santos et al. reported CC geno-
type of APA1 SNP to be associated with higher total choles-
terol, triglyceride levels and lower HDL levels [20]. The pre-
sent study observed significant association between FBS and
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Fig. 1 Calcitriol enters the cell
through blood vessel. It binds to
free floating vitamin D receptor
(VDR) and retinoid x receptor
(RXR) in cytoplasm forming

a heterodimer. This complex
translocates into the nucleus
and binds to vitamin D receptor
elements. A polymorphism

in VDR such as Fokl (C>T
rs2228570) and APA1 (C>A
rs7975232) can result in expres-
sion of hyperandrogenism, dys-

Blood vessel

Cell membrane
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lipidemia and insulin resistance
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Insulin resistance in
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APA1 CC genotype in both PCOS and control group although
no significant associations were found with fasting insulin and
HOMA-IR. Contrastingly, a South Indian study reported that
fasting insulin levels and HOMA-IR scores were significantly
elevated in APA1 GG genotypes of PCOS patients and fast-
ing glucose did not present any statistically significant relation
with APA1 SNP. This indicated hyperinsulinemia and insulin
resistance to be linked with APA1 polymorphisms in PCOS
[21]. On the other hand, studies conducted to investigate the
effect of APA1 gene polymorphisms on metabolic variables
in PCOS women have not found any connections with insulin
resistance [22, 23]. Moreover, we observed higher prolactin
and lower estradiol levels to be associated with CA genotype
of APA1 polymorphism in control group. Previous stud-
ies have linked prolactin to APA1 polymorphism; however,
estradiol did not show any statistically significant associations
with APA1 polymorphism. [19, 24] Although we could not
establish any significant association with other biochemical/
clinical parameters such as fasting insulin, HOMA-IR, LDL,
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l l

Reduced production of sex
triglyceride transfer protein in hormone binding globulin

liver

No synthesis and release of ~ Increase in free androgens

VLDL
Dyslipidemia in Hyperandrogenism in
PCOS PCOS

LDL/HDL ratio, FSH, LH, testosterone and vitamin D, various
studies have reported positive relationship of Fokl and APA1
polymorphism with these parameters. Moreover, conflicting
results may be due to variation in the allelic frequencies, geno-
typic markers, statistical methods and sometimes false-positive
results [25-27].

Overall, our study suggests that BMI, HDL, prolactin,
FBS, cholesterol and triglyceride have significance associa-
tion with the VDR gene polymorphism (FOK1 and APA1
gene). Thus, the polymorphism in genes like FOK1 and
APAT1 might contribute to the hormonal imbalance and
dyslipidemia which in turn leads to development of PCOS.

Conclusion
From this study, we conclude that FOK1 and APA1 gene

polymorphism might not be directly associated with the
development of PCOS. However, FOK1 gene polymorphism
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might be involved in alteration BMI, HDL and prolactin
level, whereas APA1 gene polymorphism might influence
the FBS, cholesterol, triglyceride and HDL level and con-
tribute to the enigmatic pathology of PCOS. Thus, hormonal
dysregulation and dyslipidemia must be ruled out during
diagnosis of PCOS patients.
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