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Abstract:

Polycystic ovary syndrome (PCOS) is characterised by infertility, obesity, insulin resistance and clinical and/or biochemical signs of
hyperandrogenism. Obesity is known to be correlated with PCOS causing ovulatory dysfunction and hormone imbalances. Moreover, fat
mass and the obesity gene (FTO) were linked with obesity and PCOS. Therefore, it is of interest to determine the genotype and allele
frequency for three FTO variants - rs17817449 (G/T), rs1421085 (C/T) and rs8050136 (A/C) -in western Saudi population. 95 PCOS
patients and 94 controls were recruited for this study. The genetic variants were assayed using real-time polymerase chain reaction using
TagMan genotyping assays. The chi-squared test was applied to investigate the difference between single nucleotide polymorphisms on
PCOS and control subjects, and binary logistic regression was used to determine the association of FTO variants with PCOS symptoms.
Variants rs17817449 and rs1421085 were significantly linked with PCOS susceptibility in the study population. Rs17817449 and rs8050136
were significantly associated with hair loss in the PCOS group. Furthermore, rs1421085 and rs8050136 were associated with a high body
mass index (BMI>30 kg/m?2). Risk alleles in our population associated with hair loss and elevated BMI in women with PCOS were
homozygous C for rs8050136. This data will help in defining the genetic predisposition of PCOS among women in western Saudi Arabia.

Keywords: BMI, Polycystic ovary syndrome, FTO, Single nucleotide polymorphism
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Background:
Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine
disorder affecting 4-21% of reproductive age women depending on
the diagnostic criteria used [1, 2]. Both genetic and environmental
factors are associated with the aetiology of this syndrome [3]. The
most common metric used in the diagnosis of PCOS is the
Rotterdam criteria [4-6], which define PCOS as the presence of two
out of the following three symptoms: oligo/anovulation (OA),
hyperandrogenism (HA) and polycystic ovarian morphology
(PCOM) [7]. Women faces serious complications related to
infertility, menstrual cycle irregularity, obesity, stress and variation
in hormone levels [8]. These include a high luteinising hormone
(LH) to follicle-stimulating hormone (FSH) ratio [7] and serum anti-
Miillerian hormone (AMH) [9].

Two genome-wide association studies (GWAS) for PCOS were
conducted in Han Chinese populations in which researchers
identified 15 risk SNPs from 11 loci: thyroid adenoma associated
(THADA), luteinising hormone/choriogonadotropin receptor
(LHCGR), follicle-stimulating  hormone receptor (FSHR),
chromosome 9 open reading frame 3 (C9orf3), differentially
expressed in normal and neoplastic cells (DENN) domain-
containing 1A (DENND1A), Yes-associated protein 1 (YAP1I), Ras-
related protein 5B (RAB5B), insulin receptor (INSKR), TOX
transcriptional coactivator of the p300/ CBP-mediated transcription
complex (TOX3), SUMOL1 pseudogene 1/zinc finger protein 217
(SUMO1P1/ZNF217) and high mobility group AT-hook 2
(HMGA?2) [10, 11]. Another large-scale GWAS of a population with
European Caucasian ancestry used dense imputation of genotyping
to identify six genetic loci associated with PCOS: ErbB2 receptor
tyrosine kinase 4/Hairy-related 4 (ERBB4/HER4), YAP1, THADA,
follicle-stimulating hormone beta-subunit (FSHf), double-strand
break repair protein (RAD50) and ketopantoate reductase 1 (KRR1)
[12]. In addition, four studies of European ancestry populations
have confirmed the association of some of these loci with PCOS,
including FSHR/LHCGR, DENND1A, RAB5B and THADA [13-16].
GWAS have also revealed the genetic predisposition and
susceptibility loci for several genetic diseases, including obesity and
diabetes [17-20]. These studies have detected variations in or near
the fat mass and obesity gene (FTO), GNPDA2, INSIG2, KCTD15,
MC4R, MTCH2, NEGR1, SH2B1 and TMEM18 as susceptibility loci
for obesity [17, 18, 21]. FTO and MC4R were reported to be
associated with obesity in PCOS patients [17, 18, 21-23]. Previously,
we had detected the association between MC4R variants rs12970134
and 1517782313 and obese PCOS patients in western Saudi Arabia
[24].

FTO is a large gene, approximately 410 kb, located on chromosome
16q12.2. Many GWAS have shown the correlation between variants
within the FTO gene and obesity and traits related to obesity [25].
Moreover, the association between FTO and cerebral insulin
sensitivity illustrated that FTO affects adiposity and the satiety
signal of insulin in the brain and deregulates food intake and thus,
body mass index (BMI) [26, 27]. The mechanistic basis for the
genetic association between FTO and obesity appears to be the
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disruption of AT-rich interaction domain 5B repressor through the
causal variants of FTO. This disruption results in loss of binding
and activation of downstream targets Iroquois homeobox gene 3
(IRX3) and IRX5 during early adipocyte differentiation [28]. FTO
single nucleotide polymorphisms (SNPs) rs17817449, rs1421085 and
rs8050136, were determined to be associated with obesity in women
with PCOS [23]. Other studies showed the direct association
between FTO rs8050136 with PCOS development among Chinese
women above a specific BMI [29, 30]. In addition, Song et al.
revealed an association between PCOS susceptibility and
hyperandrogenemia with FTO variants rs17817449, rs1421085 and
rs8050136 in the Korean population [31]. This study showed that
woman (total subjects, PCOS and control) with the G/G genotype
in 1517817449, C/C genotype in rs1421085, and A/A genotype in
rs8050136 experiencing higher BMI and higher hyper androgenism
than women with other genotypes. The G allele in FTO variant
rs17817449 was considered a risk allele for obesity and obesity-
related traits [32]. The C allele in rs1421085 has also been proposed
as a risk factor for obesity and type 2 diabetes mellitus (T2DM) [33,
34]. In addition, several studies have reported that the A allele in
FTO rs8050136 is a risk factor associated with high BMI and T2DM
[22, 35, 36]. There is no known data on the impact of FTO
polymorphisms on PCOS incidence among the Saudi population.
Therefore, it is of interest to determine the correlation between FTO
gene variants rs8050136, rs17817449 and rs1421085 as risk factors
for PCOS and obesity and their contribution to the severity of the
disorder using association studies with different clinical PCOS
variables. This will help in identifying genetic predispositions for
PCOS and specific risk variants associated with this syndrome.

Material and methods:

Study design:

This case-control observational study included 98 PCOS patients
diagnosed according to the Rotterdam Criteria and 98 women with
normal ovulation. Poor quality samples were excluded, providing a
final sample total of 95 cases and 94 controls. The clinical samples
were collected in the Obstetrics and Gynaecology Clinics, King
Abdulaziz University Hospital and the Centre of Innovation in
Personalized Medicine (CIPM), KAU, Jeddah, Kingdom of Saudi
Arabia. The exclusion criteria, power calculation and serum
hormonal assays were previously described.[24] Transvaginal or
abdominal ultrasound was performed on days 2-4 of the menstrual
cycle using a SonixTouch machine (Ultrasonix Medical
Corporation, Richmond, BC, Canada). HA was defined as the
presence of hirsutism, acne or androgenic alopecia [37, 38]. The
Biomedical Ethics Unit, Faculty of Medicine, KAU (approval
number: 407-15) approved this study and written informed consent
was obtained from participants prior to sample collection. The
study was conducted in accordance with the Declaration of
Helsinki.

Genotyping:

The QIAamp DNA Mini Blood Kit (Qiagen, Hilden, Germany) was
used to isolate DNA from peripheral blood according to the
manufacturer’s instructions. TagMan® Open Array® Genotyping
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Real-time PCR Assays (ThermoFisher Scientific, Waltham, MA,
USA) were used to identify the FTO variants rs17817449 (assay ID:
C__34511515_10) and rs1421085 (assay ID: C___8917103_10) using
50 ng/pL of DNA. The FTO variant rs8050136 (assay ID:
C__2031259_10) was genotyped by the TagMan™ SNP Genotyping
Assay (ThermoFisher Scientific) with a DNA concentration of 1-20
ng/pL. Allelic PCR products were analysed using the QuantStudio
12K Flex Real-Time PCR System (ThermoFisher Scientific).

Statistical analysis:

Quantitative data are presented as median * inter quartile range
(IQR), and p-values were calculated using the Mann-Whitney test
as the data followed a non-normal distribution. Qualitative data

Table 1: Genotype and allele frequencies for FTO variants
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were described as frequencies. Genotype and allele frequencies
were calculated within our cohort population by Hardy-Weinberg
equilibrium, and a chi-squared test was used to detect the
association between SNPs within the study groups. In addition, the
variation in qualitative variables and SNPs was analysed by the chi-
squared test. Differences between SNPs and continuous variables
were tested using the Mann-Whitney or Kruskal-Wallis tests. The
association of FTO variants with PCOS symptoms was then
analyzed using binary logistic regression to determine the risk of
alleles and odds ratio (OR). For all results, p<0.05 was considered
statistically significant. Data analysis was performed using the IBM
SPSS software version 24 (SPSS™ Inc., Armonk, NY, USA).

SNP rs17817449 p-value
Genotype frequency G/G G/T T/T <0.0001***
PCOS (n=95) 28 (29.47%) 59 (62.11%) 8 (8.42%)

Control (n=94) 9(9.57%) 85 (90.43%) 0 (0.00%)

Total =189 37 (19.58%) | 144 (76.19%) 8 (4.23%)

Allele frequency G T

PCOS (n=95) 115 (60.53 %) 75 (39.47%) 0.305
Control (n=94) 103 (54.79%) 85 (45.21%)

SNP rs1421085 p-value
Genotype frequency c/C C/T T/T

PCOS (n=79) 13 (16.46%) 56 (70.89%) 10 (12.66%) 0.003**
Control (n=84) 12 (14.29%) 72 (85.71%) 0 (0.00%)

Total =163 25 (15.33%) | 128 (78.52%) 10 (6.13%)

Allele frequency C T

PCOS (n=79) 82 (51.90%) 76 (48.10%) 0.401
Control (n=84) 96 (57.14%) 72 (42.86%)

SNP 158050136 p-value
Genotype frequency A/A A/C c/C

PCOS (n=95) 22 (23.16%) 45 (47.37%) 28 (29.47%) 0.78
Control (n=94) 25 (26.60%) 45 (47.87%) 24 (25.53%)

Total =189 47 (24.87%) 90 (47.62) 52 (27.51%)

Allele frequency A C

PCOS (n=95) 89 (46.84%) 101 (53.16%) 0.538
Control (n=94) 95 (50.53%) 93 (49.47%)

The p-value was calculated using the chi-squared test, **p<0.01, ***p<0.001.

Table 2: Association between FTO variants rs17817449, rs1421085, and rs8050136 and clinical characteristic of PCOS

rs17817449
Variable PCOS p-value Control p-value
G/G G/T T/T G/G G/T T/T
Hair loss (yes/no) 16/9 22/34 6/2 0.038* 2/7 15/70 - 0.735
HA (yes/no) 22/3 36/20 8/0 0.051 2/7 33/52 - 0.327
Hirsutism (yes/no) 14/11 20/36 4/4 0.212 0/9 4/81 - 0.506
Acne (yes/no) 11/14 22/34 4/4 0.813 1/8 22/63 - 0.327
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PCOM (yes/no) 22/4 46/11 6/1 0.662 0/9 0/85 - -
OA (yes/no) 21/5 40/16 7/1 0.228 0/9 0/85 - -
BMI (kg/m?2) 258+16.7 | 251+6.1 28+9 0.557 195+5.7 | 23159 - 1.000
AMH (ng/ml) 35+4 62+54 5+5.6 0.138 3.6+1.2 23+13 - 0.109
LH (IU/ml) 9.3+9.2 8.8+8.7 71+12.6 | 0.698 4+55 59+5.7 - 0.786
FSH (IU/ml) 46%2.6 48+25 4816 0.598 44+44 48+28 - 0.459
LH/FSH ratio 2+1.6 1.8+1.8 15+1.7 | 0.483 0.7+0.7 13+15 - 0.192
rs1421085
Variable PCOS p-value Control p-value
¢/C ar /T ¢/C gr /T
Loss of hair (yes/no) 6/5 23/31 6/4 0.509 5/7 63/9 - -
HA (yes/no) 8/3 37/17 9/1 0.435 7/5 25/47 - 0.119
Hirsutism (yes/no) 6/5 21/33 4/6 0.627 0/12 4/68 - 0.403
Acne (yes/no) 3/8 25/29 5/5 0.470 5/7 17/55 - 0.188
PCOM (yes/no) 7/4 46/8 7/2 0.962 0/12 0/72 - -
OA (yes/no) 6/5 41/13 8/2 0.362 0/12 0/72 - -
BMI (kg/m?2) 22+3.8 258 £ 6.5 28+12 0.041" 248+78 | 22.7+56 - 0.253
AMH (ng/ml) 73+65 48+5 5+6.7 0.427 23+1.1 23+15 - 0.790
LH (IU/ml) 82+95 11+8.3 52+42 0.369 7.7+5.6 58+5.8 - 0.879
FSH (IU/ml) 47425 48+25 44142 0.938 45+29 48+28 - 0.955
LH/FSH ratio 19+15 2+21 1.2+1.6 0.535 15+2 1.2+15 - 0.873
rs8050136
Variable PCOS p-value Control p-value
A/A A/C C/C A/A A/C C/C
Loss of hair (yes/no) 11/10 14/27 19/8 0.013* 6/19 7/38 4/20 0.665
HA (yes/no) 16/5 26/15 24/3 0.199 11/14 18/27 6/18 0.337
Hirsutism (yes/no) 11/10 16/25 11/16 0.585 3/22 1/44 0/24 0.074
Acne (yes/no) 8/13 17/24 12/15 0.906 5/20 14/31 4/20 0.344
PCOM (yes/no) 19/1 33/10 22/5 0.709 0/25 0/45 0/24 -
OA (yes/no) 14/7 30/12 24/3 0.680 0/25 0/45 0/24 -
?khng) 248+45 254+57 | 268+44 0.582 254 +5.1 233+6 226+4 0.309
AMH (ng/ml) 6.7+39 58+3.3 6+3.2 0.931 27+1.3 28+15 28+1.1 0.94
LH (IU/ml) 135+15.7 | 125+115 | 91+53 0.499 51+27 | 11.5+£135 6414 -
FSH (IU/ml) 58+4.1 45+14 49+23 0.645 46+22 48+1.8 43+23 0.575
LH/FSH ratio 2.0+0.80 28+25 20+1 0.547 1.3+0.85 23+17 1.8+13 0.055

Qualitative data are presented as frequencies and analysed by the chi-squared test. Quantitative data are represented as median + IQR. Kruskal-Wallis or Mann-Whitney tests
were applied. HA: hyperandrogenism; PCOM: polycystic ovarian morphology; OA: oligo/anovulation; BMI: body mass index; AMH: anti-Mullerian hormone; FSH: follicle-

stimulating hormone; LH: luteinising hormone. *p<0.05

Table 3: The association of FTO variant rs8050136 with PCOS symptoms using binary logistic regression for patients relative to controls

SNP Variable | Genotype B p-value OR (95% CI)
A/A | 1248 | 0.051 3.483 (0.993-12.223)
Hair loss A/C 1035 | 0.050 2.815 (1.002-7.906)
c/C 2474 | <0.0001** | 11875 (3.065-46.016
rs8050136 A/A 0.051 0.403 1.052 20.934—1.185) )
BMI A/C 0.04 0.251 1.040 (0.972-1.113)
c/C 022 | 0.005* 1.246 (1.070-1.452)

**p<0.01, ***p<0.001, OR: odds ratio.

Results:
The subjects’ clinical characteristics are provided in our previous
study [24].

Allele and genotype frequency:

The distribution of the FTO variants’ rs17817449, rs1421085 and
rs8050136 genotype and allele frequencies is reported in Table 1.
There was a direct and significant association between PCOS and
FTO SNPs 1s17817449 and rs1421085 (p<0.0001 and p=0.003,
respectively), but no association was detected with FTO rs8050136.
Also, there was no association between PCOS and the allele
frequency of all SNPs.

The association of FTO wvariants rs17817449, rs1421085 and
rs8050136 with PCOS clinical characteristics:

There was a significant correlation between FTO variants
rs17817449 and rs8050136 and loss of hair in the PCOS group
(p=0.038 and p=0.013, respectively) as calculated by the chi-squared
test (Table 2). There was a significant difference in BMI between
FTO variant rs1421085 genotypes in the PCOS group (p=0.041,
Table 2), and the difference was detected between C/C and T/T
using Kruskal-Wallis pairwise comparison. However, there were
no significant associations nor differences between the FTO variants
and other clinical variables such as HA, hirsutism, acne, PCOM,
OA, AMH, LH, and FSH. Furthermore, patients with the C/C
genotype were more likely to suffer from hair loss (OR=11.88,
p<0.0001) and elevated BMI (OR=1.246, p=0.005) than the control
with C/C genotype in the rs8050136 variant using binary logistic
regression test. Therefore, homozygous C is a risk genotype
associated with hair loss and high BMI (Table 3). No significant
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correlation with other variants and study variables was detected in
the PCOS group. Furthermore, adjusted binary logistic regression
analysis determined no significant effect of the combined genotypes
of different studied variants on PCOS susceptibility.

Discussion:

In this genetic association study, we examined the FTO variants
rs8050136, rs17817449 and rs1421085 for their contribution as risk
factors in PCOS. Women with PCOS have elevated rates of obesity
compared with non-PCOS women, which influences the severity
and prevalence of PCOS [39]. The FTO gene was reported in a
GWAS to be associated with obesity and obesity traits [25];
therefore, these variants were selected due to their importance as
adiposity mediators. To the best of our knowledge, this is the first
study reporting the effect of FTO variants on the risk of PCOS in
the Kingdom of Saudi Arabia. In our study population, the
frequency of the common T allele of rs17817449 was 39.47% for the
PCOS group and 45.21% for the control group. The G minor allele
frequency for PCOS and control groups was 60.53% and 54.79%,
respectively. Contrary to our results, 1517817449 was not associated
with PCOS risk in an American case-control cohort [23]. The
frequency of G minor allele was 45.3% in the American population
[23] compared to 60.53% in the PCOS group in the present study.
Recently, in an Iraqi study evaluating the association of rs17817449
with obesity in PCOS women, the allele frequencies for T and G in
PCOS women were, respectively, 48% and 52%, different from our
findings [40].

In rs1421085, the allele frequency in the PCOS group of C (minor)
and T (major) alleles was 51.9% and 48.1%, respectively, yet in the
control group, it was 57.14% and 42.86%. In the American study,
the minor allele frequency was 45.0% [23]. In a Chinese study [41],
the frequencies of the rs1421085 genotypes in 212 PCOS women
were 2.4% for C/C, 19.8% for C/T, and 77.8% for T/T compared to
16.7%, 70.9%, and 12.66%, respectively, in the PCOS group in our
study. We found that the A minor allele frequency for rs8050136 in
the PCOS group was 46.84%, similar to that in an American cohort
[23]. Whereas, the genotype frequencies of rs8050136 variants were
variable in the present study: 23.16% (A/A), 47.37% (A/C) and
29.47% (C/C), compared to 2.8%, 20.8%, and 76.4% respectively, in
the Chinese population among PCOS patients [41].

We detected a significant association between PCOS susceptibility
and the presence of rs17817449 and rs1421085 but not rs8050136.
Several studies have examined the correlation and association
between FTO variants and PCOS in other countries. For example,
consistent with the present study, FTO variants rs17817449 and
rs1421085 were found to be associated with PCOS susceptibility in
the United Kingdom, China, Korea and recently, Sri Lanka [29, 31,
42, 43]. These findings indicate that FTO gene variants rs17817449
and rs1421085 could have a positive impact on the development of
PCOS by increasing obesity. Similar to our results, a Brazilian study
reported no association between the FTO rs8050136 variant and
PCOS susceptibility [44]. However, in contrast, a Korean study
found that the rs8050136 variant was associated with PCOS [31].
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We believe that this discrepancy in findings could be attributed to
ethnic variations and environmental factors.

The FTO variants rs17817449 and rs8050136 were correlated with
loss of hair in PCOS women in our cohort. These results are
supported by a Korean study that showed a significant association
between these two variants and hyperandrogenemia in which loss
of hair is one of the clinical manifestations [31, 45]. In addition, a
significant association was detected between the rs8050136 variant
and elevated BMI (>30 kg/m?), which was also detected in the
American study [23]. The risk genotype C/C in rs8050136 was
associated with hair loss and high BMI in PCOS patients. However,
the A allele was anticipated to be a global risk allele associated with
high BMI and T2DM, based on previous studies [22, 35, 36]. The
fact that high BMI and loss of hair are associated with the same risk
allele (C) might confirm results from previous studies that suggest
that obesity in PCOS women increases the risk of HA and its
related clinical features [46, 47].

Conclusion:

The presence of FTO variants rs17817449 and rs1421085 are
correlated with PCOS. Furthermore, the C/C genotype in rs8050136
is linked with hair loss and elevated BMI. Thus, the FTO variants
are either directly or indirectly responsible for the progression of
PCOS in addition to their previously known role in obesity.
Therefore, the impact of FTO variants in a larger sample size in
other regions of the Kingdom of Saudi Arabia is important.
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