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ABSTRACT Polycystic Ovary Syndrome (PCOS) is endocrine reproductive disorder which causes oligomenorrhea/
amenorrhea, infertility, type II diabetes. The present study aims in CYP19A1 polymorphism rs700519 (C/T)
identification that elevates androgen among PCOS females in Quetta, Pakistan. Cross-sectional study involved
enrollment of 100 control and 100 affected females. Blood samples were collected for genetic and hormonal analysis.
The samples were amplified via ARMS PCR and analyzed by sequencing. The frequency of CC genotype in control and
PCOS group was 48 percent and 33 percent. For CT, it was 52 percent and 67 percent. In control group, the allele
frequency for C and T was 0.74 and 0.26. In PCOS group, it was 0.67 and 0.33 for C and T, respectively. The Pearson
Chi-square p=0.031 (p<0.05) at 95% Confidence Interval inferred a significant difference between the observed
genotypes. The study inferred that CT genotype is a risk factor for PCOS progression in the population of Quetta.

INTRODUCTION

Polycystic Ovary Syndrome (PCOS) is an en-
docrine heterogeneous disorder (Fauser et al.
2012) characterized by ovary dysfunction that
leads to the irregular menstrual cycle, hirsutism,
acne (Azziz et al. 2006), infertility, sleep apnea
(Deeks et al. 2010), anxiety and obesity that leads
to type 2 diabetes due to insulin resistance (Man-
junath et al. 2013). The prolong condition of PCOS
increased the risk of endometrial cancer (Helvaci
et al. 2017).  PCOS susceptibility is mainly due to
hyperandrogenism that leads to conditions like
acne and hirsutism. Whereas type II diabetes
appears due to insulin resistance that occurs be-
cause of constant hyperandrogenism in females
(Saddick 2020). According to NIH, the prevalence
rate of PCOS worldwide is 51 percent while as per

the Rotterdam criteria it was reported as 83 per-
cent (Amato et al. 2008). PCOS affect females un-
der aged 18-44 (Teede et al. 2010). About 70 per-
cent of females are infertile because of PCOS
(PCOS Foundation 2011). The Rotterdam criteria
assist in the diagnosis of the PCOS (Rotterdam
2003). PCOS patients have numerous cysts in-
side the sac of an ovary, there are 12 or more than
cysts and of 8mm in size (Futterweit 1999). There
is no such treatment to completely cure PCOS,
medications and a healthy lifestyle can reduce
the severity of this condition. Losing weight up
to 5-10 percent reduce the severity (Galletly et al.
1996).

The primary etiology of PCOS is still unknown
and there is a combination of factors that are re-
ported. Immunological, biochemical, environmen-
tal, and genetic factors are involved in the etiolo-
gy of PCOS (Deepika et al. 2012). Many candi-
date genes have known to be responsible for
cause of PCOS. Environmental factors include
unhealthy diet, toxins reactions, and mediator in-
fections (NHS 2016). Out of many candidate genes
aromatase (steroidogenesis enzyme) is also
known to be involved in the etiology of PCOS.
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Aromatase genes such as CYP11A1, CYP11B2,
CYP3A7, CYP17A1, CYP1A1, CYP21A2 and
CYP19A1 (Joseph  et al. 2015). One of the aro-
matase genes is CYP19A1 that converts andro-
gen to estrogen. The chromosomal location of
the CYP19A1 gene is 15q21.2 which spans 123kb
which also includes 9 protein-coding exons, an
alternative tissue-specific promotor with a large
5’ Untranslated Region of 93 kb (Means et al.
1991). CYP19A1 gene is mainly expressed in the
placenta, skin, bone, gonads and adipose (Hend-
erson et al. 1991). The abnormality present in the
CYP19A1 disrupts its functionality and the con-
version of androgen into estrogen ceased (Se-
bastian and Bulun 2001). The polymorphism pre-
sents in the exonic region rs700519 (C/T) is known
to be responsible for PCOS (Lee et al. 2010; Reddy
et al. 2015).

Objectives

The present study aims in the identification
of polymorphism in the exonic region rs700519
(C/T) of the CYP19A1 gene in the females affect-
ed with PCOS in the population of Quetta,
Balochistan, Pakistan.

MATERIAL  AND  METHODS

The cross-sectional study involved the enroll-
ment of 100 control and 100 affected females. The
females aged 18-44 were selected for the study of
polymorphism. The diagnostic criteria were accord-
ing to the Rotterdam criteria. Patients were select-
ed from the Out-Patient Department (OPD) of Civil
hospital Quetta. Their age, marital status, family
history and clinical examination were recorded, and
the study was approved from Institutional Review
Board (IRB) BUITEMS, Quetta.

Inclusion and Exclusion Criteria

The inclusion criteria included all the PCOS
patients that were diagnosed based on the Rot-
terdam criteria and were under the aged of 15-45
years. The females with pregnancy, Gestational
Diabetes Mellites, ovaries melanoma, prolactino-
ma and thyroid dysfunction were excluded from
the study.

Genotyping Analysis of CYP19A1 SNP rs700519
(Arg264Cys)

After taking the inform consent from studied
group, 6ml peripheral blood was drawn for genom-
ic DNA extraction using Inorganic method and
stored at -20  C. 3ml blood was preserved in serum
tubes that were sent for total testosterone test us-
ing immunoassay method in endocrinology labo-
ratory. The extracted DNA samples were estimated
on 2 percent agarose gel and quantified at A260 and
A280 using BIO-RAD Smart Spec Plus Mass Spec-
trophotometer. Genotype analysis was performed
using T100TM thermocycler BIO-RAD USA. Allele-
specific tetra primers were used for Amplified Refracto-
ry Mutation System (ARMS) PCR. Following are the
sequences of tetra primers:

Outer Forward:
5’-GAAGTGTAG GGTCTATGTA-3’
Inner Forward:
5’- CTGATAGC AGAAAAAAGAT-3’
(T allele-specific) Outer Reverse:
5’CTCTGTGATTGACTGTGGAC-3’
Inner Reverse:
5’-CTCTTCTGTGGAAATCCTGCG-3’
(C allele specific)

For the identification of CYP19A1 polymor-
phism, the regents used for ARMS PCR were:
10μl Master Mix, 0.3 μl of each primer, 3μl of DNA,
0.2 μMgCl2 and 5.6μl of PCR H2O were used in a
total 20μl of the reaction mixture. The conditions
used for ARMS PCR were: Initial denaturation at
950C for 5 minutes. 35 cycles were performed for
denaturation, annealing and extension. Denatur-
ation of DNA template was set at 940C for 30 sec-
onds, aneling at 580C for 1 minute and extension
at 720C for 1 minute. The fourth step was the final
extension which was at 720C for 10 minutes. Ther-
mocycler BIO-RAD (USA) remains at 40C until
the products were safely removed from the ma-
chine. 2 percent agarose gel was used for geno-
typing analysis which was then visualized on Gel
Documentation System BIO-RAD (USA). For
genotype analysis, bands of 650bp and 251bp
indicated wild type homozygous, while 650bp and
439bp indicated mutant homozygous and 3 bands
of 650bp, 439bp and 251bp shown heterozygous
genotype. Samples with each genotype were se-
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quenced at Macrogen South Korea using the Big
Dye Terminator sequencing kit (genetic analyzer
ABI-USA).

Statistical Analysis

MS Excel 2016 and SPSS version 20 was used
for statistical analysis. Graphs on selected param-
eters for control and PCOS groups were made. The
genotype and allelic frequencies were determined
using SPSS Version 20 and using Pearson Chi-
Square, the statistically significant differences be-
tween genotypes of control and PCOS groups were
determined. The significant differences were observed
at p<0.05 at 95% Confidence Interval.

RESULTS

Parameters such as age ratio (Table 1), demo-
graphic features (Table 2) such as family history,
marital status and clinical examinations were de-
termined for the control and affected group. Follow-
ing tables displayed the difference of parameters
among both groups.

The gel images of both control and affected
group displayed the observed genotypes. The
band for CC genotype was observed at 650bp
and 251bp and band for CT was observed at 650
bp and 439bp and 251bp. Figure 1 displayed the
gel image of the observed bands of amplified prod-
ucts of both control and PCOS group.

Clinical features identified in PCOS females
are presented in Table 3. In the study groups, the
general distribution of genotypes was 48 percent
for CC, 52 percent for CT of a control group. The
observed genotypes for the PCOS group were
measured as 33 percent for CC and 67 percent for
CT. The allelic frequencies for control group were
calculated as 0.74 for C and 0.26 for T. Whereby
the allelic frequencies for a PCOS group were cal-
culated as 0.67 for C and 0.33 for T. Thus, the
dissemination of genotypes among both groups
was in accordance to Hardy-Weinberg Equilibri-
um. Table 4 shows the general distribution of ob-
served genotypes of control and PCOS group
and their calculated allelic frequencies. Total tes-
tosterone values of both the groups being stud-
ied are given in Table 5 that were under the nor-
mal range 0.1-0.9ng/ml. Table 6 displayed the Pear-

Table 1: Age distribution among PCOS and Non-
PCOS females

                   Age ratio
Age range Non-PCOS females PCOS females

15-25 years 47% 29%
26-35 years 20% 31%
36-45 years 33% 40%

Table 2: Demographic characteristics identification
of non PCOS and PCOS females

Demographic Non-PCOS PCOS
characteristics   females   females

Family history 29% 71%
Married 37% 62%
Unmarried 63% 38%

Fig. 1. Gel image of control and affected samples that represents homozygous and heterozygous genotype

650bp
439bp

251bp

100 bp DNA Ladder
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son Chi-square value, p-value at (p<0.05) at a 95
percent Confidence Interval. The value of Chi-
square was calculated as 4.669. The p-value cal-
culated was 0.031 (p<0.05) and 95 percent Confi-
dence Interval was calculated as 0.038-0.046 which
determined significant differences found between
the genotypes.

The polymorphism at rs700519 of the
CYP19A1 gene was further confirmed by DNA

Table 3: Clinical features identified in PCOS
females for the diagnosis.

Clinical features identified in PCOS  female

Sign & symptoms No. of females
 (In percentage)

Obesity 17
Infertility 10
Acne 12
Anovulation/Oligoovulation 20
Hirsutism 19
Anxiety/Depression 14
Sleep Apnea 8

Table 4: Genotype and allelic frequencies of control
and PCOS group

Groups                      Genotype                   Allele
                        frequency            frequency

CC CT TT C T

Control (n=100) 48% 52% 0 0.74 0.26
PCOS (n=100) 33% 67% 0 0.67 0.33

Fig. 2. Chromatogram represents the comparison of homozygous and heterozygous genotype

Table 5: Total testosterone test of both study groups
shown the normal testosterone level

Groups ID Obtained value

Control Group PCOC1 0.31
CC Genotype PCOC2 0.70

PCOC3 0.40
PCOC4 0.39
PCOC5 0.21
PCOC6 0.41
PCOC7 0.22
PCOC8 0.45
PCOC9 0.32
PCOC10 0.40

Affected Group PCOP1 0.22
CT Genotype PCOP2 0.15

PCOP3 0.60
PCOP4 0.71
PCOP5 0.43
PCOP6 0.31
PCOP7 0.22
PCOP8 0.42
PCOP9 0.35
PCOP10 0.45

Table 6: Statistical analysis of control and PCOS group

Groups Chi- Degree P-   95%
square of value confidence

freedom interval

Control VS 4.669 1  0.031 0.038-
PCOS Affected P<0.05 0.046
group

sequencing. Figure 2 represents the comparison
of homozygous and heterozygous genotype. The
sequence was analyzed using SeqManTM II
Sequence Analysis Software.

250                                                               260                                                           270                                                             280
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DISCUSSION

Endocrine metabolic disorder PCOS causes
many metabolic anomalies among females (Legro
2003). In a present study, the control group was
under age 15-25 years (47%), 26-35 years (20 %),
36-45 years (33%). While the affected group had
females under 15-25 years (29%), 26-35 years (31%)
and 36-45 years (40%). Different studies conduct-
ed on various populations involved females un-
der reproductive age. Hussein conducted a study
among females of the Kurdish population who
were under age 25-29 years (30.2%) belong to the
PCOS group and 35-39 years (24.3%) from a
healthy group (Hussein and Alalaf  2013).

Positive family history among affected females
was observed as a risk factor in previous studies.A
previous study conducted among PCOS females
at Birmingham reported positive family history.
They had PCOS inherited from their mothers or
sisters. The study further suggested that about 35
percent of mothers and 40 percent sister have PCOS
or more prone to have PCOS in the future (Azziz and
Kashar-Miller 2000). The present study observed a
positive family history among PCOS group. Among
100 PCOS individuals, 29 percent of females have a
positive family history of PCOS.

Previous findings depicted that PCOS mar-
ried women have increased risk of infertility. 80
percent of married females affected with PCOS
are infertile (Melo et al. 2015). With relevance to
this, the current study found that among 100
PCOS women 10 percent of females were infertile
due to PCOS in the population of Quetta,
Balochistan. In a previous study conducted
among females of Qatar population, it was ob-
served that clinical features vary from individual
to individual. In current study based on diagnos-
tic criteria about 31.7 percent of females had hir-
sutism, 30.8 percent had severe acne, 63.3 percent
are the females with positive type 2 Diabetes histo-
ry and 30.8 percent of females had Oligomenorrhea/
Amenorrhea (Sharif  et al. 2016).

Different studies conducted on healthy and
PCOS individuals inferred that various cytochrome
family is involved in the cause of PCOS. A previ-
ous study conducted among the females affected
with PCOS of South Indian Population has shown
that variants at exonic region rs700519 and two
intronic regions rs2414096, rs60271534 are involved
in the PCOS etiology. The Insilico analysis further

displayed the destabilized structure of aromatase in
the affected females. The study further suggested
identifying the different variants among the different
populations (Reddy et al. 2015).

The current study conducted among females
of the Quetta population had a significant increase
of CT genotype in females affected with PCOS
while normal females had a significant increase in
CC genotype. Hence it can be inferred that CT
genotype is a risk factor in a female affected with
PCOS among the population of Quetta, Balochistan
and is more significant in the affected group. The
statistical analysis on both groups further inter-
preted that based on of Chi-square (p<0.05) there
is a significant difference found between the gen-
otypes of control and affected group. Thus the het-
erozygous genotype CT can be a risk factor in a
female affected with PCOS among the population of
Quetta.

CONCLUSION

The study conducted in the females affected
with PCOS among the population of Quetta,
Balochistan inferred that CT genotype is a possible
risk factor in the pathogenesis of PCOS.The identi-
fied genotype CT in the affected group is reces-
sive heterozygous. There is a significant variation
found between the genotypes of control and affected
group.

RECOMMENDATIONS

Further variants can be identified from differ-
ent ethnic groups thereby it is suggested that more
research studies must be conducted to find out
the best possible variants responsible for PCOS
progression and severity.

ACKNOWLEDGMENT

We acknowledge all the participants who took
part in this study and cooperated in sample col-
lection and the Organization of Research Innova-
tion and Commercialization (ORIC), BUITEMS,
Quetta, Pakistan for financial aid.

REFERENCES

Azziz R, Kashar-Miller MD 2000. Family history as a
risk factor for the polycystic ovary syndrome. J Pedi-
atr Endocrl Metab, 13(5): 1303-1306.



CYP19A1 GENE POLYMORPHISM WITH PCOS 101

Int J Hum Genet, 21(3): 96-101 (2021)

Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis
E, Escobar-Morreale HF, Futterwett W, Janssen OE,
Legro RS, Norman RJ, Taylor AE, Witchel SF 2006.
Position statement: Criteria for defining polycystic
ovary syndrome as a predominantly hyperandrogenic
syndrome: An Androgen Excess Society guideline. J
Clin Endocrinol, 91: 4237-4245.

Amato MC, Galluzo A, Finocchiaro S, Criscimanna A,
Giordano C 2008. The evaluation of metabolic pa-
rameters and insulin sensitivity for a more robust diag-
nosis of the polycystic ovary syndrome. Clin Endo-
crinol, 69: 52-60.

Deeks AA, Gibson-Helm ME, Teede HJ 2010. Anxiety
and depression in polycystic ovary syndrome: A com-
prehensive investigation. Fertil Steril, 93: 2421-2423.

Deepika MLN, Ranjith K, Usha Rani V, Ishaq M, Jahan
P 2012. Familial background of complex diseases in
PCOS probands of South Indian population. Asian J
Epidemiol, 5(2): 50–55.

Futterweit W 1999. Polycystic ovary syndrome: Clini-
cal perspectives and management. Obstet Gynec, 54:
403-413.

Fauser BC, Tarlatzis BC, Rebar RW, Legro RS, Balen AH,
Lob R 2012. Consensus on women’s health aspects of
polycystic ovary syndrome (PCOS) the Amsterdam
ESHRE/ASRM-Sponsored 3rd PCOS Consensus Work-
shop Group. Fertil Sterile, 97: 28–38. doi: 10.1016/j.
fertnstert.2011.09.024

Galletly C, Clark A, Tomlinson L, Blaney F 1996. A group
program for obese infertile woman; Weight loss and im-
proved psychological health. J Psychosom Obstet Gy-
naecol, 17: 125-128.

Henderson BE, Ross RK, Pike MC, Casagrande JT 1991.
Endogenous hormones as a major factor in human
cancer. Cancer Res, 42: 3232–3239.

Hussein B, Alalaf S 2013. Prevalence and characteristics
of polycystic ovarian syndrome in a sample of infer-
tile Kurdish women attending IVF infertility center in
maternity teaching hospital of Erbil City. J Obs Gy-
nea, 3: 577-585.

Helvaci N, Karabulut E, Demir AU, Yildiz BO 2017.
Polycystic ovary syndrome and the risk of obstruc-
tive sleep apnea: A meta-analysis and review of the
literature. Endocrine Connect, 6(437): 437–445.

Joseph S, Ram Shankar Bi, Rasika B, Susan I 2015.
PCOSKB: A knowledge base on genes, diseases, ontolo-
gy terms and biochemical pathways associated with Poly-
cystic Ovary Syndrome. Nucl Acids Res, 44: 1032-1035.

Legro RS 2003. Polycystic ovary syndrome and cardio-
vascular disease: A premature association? Endocr Rev,
24: 302-312.

Lee S, Kim WY, Choi JY, Lee SS, Shin JC 2010. Identiûca-
tion of CYP19A1 single-nucleotide polymorphisms and
their haplotype distributions in a Korean population. J
Hum Genet, 55: 189-193.

Manjunath CN, Jayesh R Rawal JR, Mehelli P, Madhu
2013. Atherogenic dyslipidemia. Indian J Endocrinol
Metab, 17(6): 969–997.

Means GD, Kilgore MW, Mahendroo MS, Mendelson CR,
Simpson ER 1991. Tissue-specific promoters regulate
aromatase cytochrome P450 gene expression in human
ovary and fetal tissues. Mol Endocrinol, 5: 2005-2013.

Melo AS, Ferriani RA, Navvaro PA 2015. Treatment of
infertility in women with Polycystic Ovary Syndrome.
App Clinical Practice Clin, 70(11): 765-769.

NHS Overview- Polycystic Ovary Syndrome 2016.  From
<https://www.nhs.uk/conditions/polycystic-ovary-syn-
drome-pcos/> (Retrieved on 1 February 2019).

PCOS Foundation About PCOS Foundation 2011. From
<www.pcosfoundation.org> (Retrieved on 18 January
2011).

Rotterdam Group Revised 2003. Consensus on diagnostic cri-
teria and long-term health risks related to Polycystic Ovary
Syndrome (PCOS) 2003. Hum Reprod, 10(1): 41-47. From
<https://www.ncbi.nlm.nih.gov/pubmed/14711538> (Re-
trieved on 1 January 2004).

Reddy R, Deepika MLN, Prasanna KL, Someswar RS
2015. Polycystic Ovary Syndrome: Role of aroma-
tose gene variants in South Indian women. Int J Pharm
Bio Sci, 6(2): 1283-1296.

Sebastian S, Bulun SE 2001. Genetics of endocrine dis-
ease: A highly complex organization of the regulatory
region of the human CYP19 (aromatase) gene re-
vealed by the Human Genome Project J Clin Endocr
Metab, 86(10): 4600-4602.

Sharif E, Rahman S, Zia Y, Rizk NM 2016. The frequency
of Polycystic Ovary Syndrome in young reproductive
females in Qatar. Original Research, 2017(9): 110.

Saddick SY 2020. Identifying genes associated with the
development of human Polycystic Ovary Syndrome.
Saudi Journal of Biological Sciences, 27(5): 1271-1279.

Teede H, Deeks A, Moran L 2010. Polycystic Ovary Syn-
drome: A complex condition with psychological, repro-
ductive and metabolic manifestations that impacts on
health across the lifespan. BMC Med, 8(41): 1-10.

Paper received for publication in January, 2021
Paper accepted for publication in August, 2021


