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ABSTRACT 

Objective: To examine the potential association between CYP11 alpha and CYP17 polymorphism, and serum sex hormone 
binding globulin (SHBG) levels and their possible contribution to polycystic ovary syndrome. 
Study Design: Case control study. 
Place and Duration of Study: University of Health Sciences, Lahore Pakistan, from Jan to Oct 2017. 
Methodology: A total of 60 cases of polycystic ovary syndrome and 60 controls and single nucleotide polymorphisms         
were studied for CYP11 alpha (TTTTA)n repeats and CYP17 (-34 T/C) along with sex hormone binding globulin levels and 
testosterone levels. Data were collected through a specially designed questionnaire. Blood samples were collected followed by 
serum separation and deoxyribonucleic acid extraction using standard protocols. Serum was used to measure the levels of sex 
hormone binding globulin and androgens. Extracted deoxyribonucleic acid was screened for the polymorphisms by PCR. 
SPSS version 20 was used to calculate data statistics. 
Results: Out of 120 total women, 60 were suffering from polycystic ovary syndrome. Amongst these 60 cases, 43 (71.7%) had 
changes in menstrual cycle, 36 (60%) with longer than 35 days (p=0.04). Acne (p<0.001), infertility (p=0.005), family history of 
polycystic ovary syndrome (p<0.001), family history of menstrual problem (p=0.005), changes in cycle (p=0.01), weight gain 
(p=0.03), anemia (p<0.001) and dyslipidemia (p<0.001) were significantly associated with polycystic ovary syndrome as 
compared to controls. Polycystic ovary syndrome was strongly associated with CYP11 alpha polymorphism (p<0.001) with an 
odds ratio (OR) of 45 (95% CI, 15-132).  
Conclusion: CYP11 alpha (TTTTA)n repeats and CYP17 (TT, TC, CC) were significantly associated with polycystic ovary 
syndrome however both polymorphisms did not show any relationship to mean serum sex hormone binding globulin and 
testosterone levels. 
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INTRODUCTION 

PCOS is of public health and clinical importance 
as it is quite common and affects one in five women    
of reproductive age1. It has been reported that the pre-
valence rate of PCOS in Pakistan is 20.7%2. It has quite 
prominent and diverse clinical impacts including rep-
roductive (hyperandrogenism, infertility, hirsutism), 
psychological issues (increased anxiety, depressionand 
worsened quality of life) and metabolic (impaired glu-
cose tolerance, insulin resistance, type 2 diabetes melli-
tus, deteriorating cardiovascular risk profiles)3.  

Among womenwithin reproductive-age the pre-
valence of PCOS is calculated at 4-12%4. A lot of genes 
from such pathways have been put to test including 
genes involved in steroid hormones synthesis and me-
tabolism (HSD17B1-3, StAR, CYP19, CYP11, CYP17). In 
previous few years, there are various developments in 
the understanding of pathophysiology and genetics     

of PCOS. CYP11 Alpha gene is a member of the cytoch-
rome P450 family. It encodes many enzymes that are 
used in a variety of vital reactions in cell metabolism5. 
PCOS is found to be linked with the absence of four-
repeat-units allele in polymorphic region of pentanuc-
leotide (TTTTA)n repeats within CYP11 Alpha gene6. 
Cytochrome P450 17α-hydroxylase/17, 20-lyase (CYP 
17) is an enzyme catalyzing two prominent activities, 
17, 20-lyaseand 17α-hydroxylase is mandatory for the 
biosynthesis of gonadal and adrenalsteroids7. A poly-
morphism was found in the regulatory region of the 
CYP17 gene, a T to C substitution-34 base pairs from 
the translation initiation point in the promoter region8. 
It has been said that this polymorphism may up-regu-
late the expression of CYP17, causing in an enhanced 
synthesis of androgens9. 

Sex hormone binding globulin (SHBG) is a pro-
tein which binds to both estradiol and testosterone.     
Its amount can vary in women with PCOS. If levels of    
the SHBG are either low or high, the amount of active 
testosterone can changeaccordingly10. In developed 
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countries some work on these genes has been done and 
most of the researches deciphered these genes and 
make them candidate genes for PCOS. Especially, mu-
tations in CYP17 are supposed to contribute 75% sus-
ceptibility to the disease11. In this part of the world, the 
prevalence of this metabolic syndrome is high and 
more data are needed for planning the screening and 
early diagnosis of PCOS in women who are at higher 
risk. The present work will be useful in understanding 
the genotypic makeup of the Pakistani individuals and 
its relation with PCOS. Improving the classification of 
PCOS genotypes will undoubtedly improve calculating 
risk in siblings and thus in turn improving risk assess-
ment accuracy and may facilitate genetic counseling. 

METHODOLGY 

It was a case control study conducted in the 
department of Physiology and Cell Biology, University 
of Health Sciences Lahore, from January to October 
2017. It was conducted as per Helsinki declaration after 
approval by the Ethics Review Committee of Univer-
sity of Health Sciences Lahore. Convenient sampling 
technique was used. 

Cases were females with PCOS between 20-40 
years and healthy women matched for age were taken 
as normal. 

Diagnosed patients of polycystic ovary disease 
were selected from outpatients departments of inferti-
lity clinics, Gynecology/Obstetrics wards of private 
and government tertiary care hospitals of Lahore and 
THQ of Chichawatni. Controls were taken from nor-
mal population and informed consent was taken from 
all the subjects. A questionnaire was given to all sub-
jects to record their demographic features. All the sub-
jects were assessed by taking complete medical history 
and physical examination. Following parameters were 
studied: 

1. BMI 

2. Serum SHBG levels 

3. Serum Androgens 

4. CYP11 alpha (TTTTA)n repeats 

5. CYP17 (T to C substitution (34bp)) 

3ml venous Blood was collected from each subject 
and control in EDTA coated vacutainer tube and 2ml 
in serum vacutainer tube. DNA was isolated from 
whole blood of all the subjects by using standard 
phenol/chloroform method23. The extracted DNA    
was run on the 1.5% agarose gel (containing ethidium 
bromide) and seen under a UV trans illuminator to 
check its purity and integrity. The DNA samples were 

amplified by PCR using specifically designed primers. 
ELISA was done to measure levels of serum sex horm-
one binding globulin (SHBG) and serum testosterone. 

The collected data were entered and analyzed 
using SPSS version 20. Mean and standard deviation 
were given for quantitative variables, frequencies, per-
centages and odd’s ratios were given for qualitative 
variables (genotype). Normality of the data were chec-
ked by Shapiro-Wilk test. Chi-square test was applied 
to compare the SHBG level and genotype frequencies 
between the study and the control groups of the pati-
ents. Student t-test was used to compare mean values 
of BMI, age and the hormones between the different 
groups of females. p-value of <0.05 was considered 
statistically significant. 

RESULTS 

As per research protocol out of 120 subjects, 60 
(50%) had PCOS and 60 (50%) were normal. The mean 
age of the study subjects (n=120) was 28.60 ± 6.14 years 
and mean age of menarche was 12.7 ± 0.49. Out of total 
women (n=120), 84 (70%) were married while 36 (30%) 
were unmarried; 23 (19.2%) had regular cycle while   
97 (80.8%) with irregular cycle; two women (1.7%) had 
endometriosis also. Mean number of children bore     
by married women in the study group were 2.06 ± 1.60 
with mean number of abortions were 0.19 ± 0.48 
(Table-I). 

PCOS showed significant (p<0.001) difference 
with (TTTTA)n repeats in CYP11 Alpha gene with and  
a higher risk with Odds ratio of 19 (7-50). No repeat 
homozygous polymorphism and no repeat heterozy-
gous polymorphism also differed significantly amon-
gst cases and controls with p-values of <0.001 and 0.001 
respectively. Likewise, both polymorphism showed a 
protective effect on presence of PCOS with Odds ratio 
if 0.179 (0.06-0.048) and 0.5 (0.04-0.339) (Table-II & III). 

PCOS was significantly associated with allelic 
variant TT of CYP17 gene (p<0.001) as compared to 
those subjects without PCOS having an OR of 10 (4-23) 
showing a very high risk of developing PCOS if this 
variation is present. Similar was the case of CC allelic 

Table-I: Association between SHBG and CYP17 
polymorphism by independent sample t-test. 

 SHBG p-
value 

C
Y

P
1

7
 

P
o

ly
m

o
rp

h
is

m
 

 Cases Control 

Present 
25.1 ± 15.17 

(n=40) 
17.50 ± 2.30 

(n=5) 
0.01 

Absent 
25.93 ± 

21.60 (n=4) 
24.18 ± 15.06 

(n=23) 
0.51 

Total 60 60  
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variant which was significantly (p=0.001) different 
between PCOS group and controls. TC allelic variation 
showed non-significant different with regards to its 
distribution amongst cases and control and OR was 1.4 
(0.5-3.9) which again does not signify any increased 
risk (Table-IV & V). 

DISCUSSION 

PCOS remains a heterogeneous condition with 
multipronged affects that extends from reproductive 
problems to metabolic derangements; from physical 

mal-attributes to psychological repercussions12. Ongo-
ing research continues to dig into both preventable 
etiological causes to best treatment modalities with 
favorable disease outcomes and negligible adverse 
effects profile and ultimately cause a positive change 
in the quality of life of the sufferers. As the prevalence 
of disease is on the rise, a vast majority of women 
across different cultures, races and parts of the world 
continue to suffer from this condition whose implica-
tions are so comprehensive in affecting one’s life13. 
Study of genetic attributes of PCOS has opened up              
a new promising arena for researchers who want to 
study etiological factors of this syndrome14. In the pre-
sent study, polymorphisms in CYP11 Alpha and CYP17 
genes which are involved in steoidogenesis and the 
serum levels of SHBG and testosterone were studied 
alongside other parameters of PCOS. 

This study showed that out of the women suffe-
ring from PCOS (cases) (n=60), 43 (71.7%) (p=0.01) had 
changes in menstrual cycle, 36 (60%) had longer than 
35 days (p=0.04) and 9 (22.5%) were infertile (p=0.005) 
showing a significant association with the classical 
hallmarks of the disease as compared to control group. 
These features are consistent with various studies con-
ducted on patients with PCOS14. The same study also 
observed that infertility was very common in patients 
with PCOS, 90-95% of women presenting with anovu-
lation are having PCOS. 

The PCOS patients in this study showed high 
frequency of metabolic derangements i.e. 53 (88.3%) of 
60 women experienced weight gain. Out of these wo-
men, weight gain (p=0.03) was significantly associated 
with PCOS. Different studies have shown strong pre-
valence of dyslipidemia and obesity with PCOS and 
their deleterious effects on patients15. The overwhel-
ming cases 54 of 60 (9%) PCOS, in this study had hir-
sutism and 26 (43.3%) had acne (p<0.001). A previous 
studystated higher frequency of hirsutism in women 
with PCOS16. Family history of PCOS (p<0.001) and 
menstrual problems (p=0.005) showed highly signifi-
cant association with PCOS endorsing the role of gene-
tic and familial factors as shown by a previous study17. 

It was found in the this study that PCOS was 
strongly associated with CYP11 Alpha (TTTTA)n poly-
morphism with an Odds Ratio (OR) of 45 (95% CI=15-
132) with highly significant (p<0.001) difference bet-
ween cases and controls (calculated value of chi square 
(X2) as 64.8). PCOS showed significant (p<0.001) diffe-
rence with (TTTTA)n repeats in CYP11 Alpha gene with 
higher risk (Odds ratio=19; CI=7-50) of PCOS. Homo-

Table-II: Association between PCOS and CYP11 Alpha 
polymorphism calculated according to the chi-square test 
with one degree of freedom (df=1). 
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 Cases Control 

Present n=60 n=10 

<0.001 
45 

(15-132) 

64 

Absent n=0 n=50 56 

Total 60 60 120 

Odds ratio (OR)= 45 (95%CI=15-132): p<0.001 (X2=56.70, df=1) 
Table-III: Association between PCOS and CYP17 poly-
morphism calculated according to the chi-square test with one 
degree of freedom (df=1). 

 PCOS 
p- 

value 

ODD’s 
Ratio 

95% (CI) 
Total 
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 Cases Control 

Present n=49 n=8 

<0.001 
28.9 

(10.70-
77.90) 

57 

Absent n=11 n=52 63 

Total 60 60 120 

Odds Ratio OR=28.9 (95% C.I 10.70-77.90): p<0.001 (X2 =56.7, 
df=1) 
Table-IV: Distribution of subjects with (TTTTA)n repeats in 
CYP 11A1 amongst cases and control of PCOS. 

Genotype 
Cases 
n (%) 

Controls 
n (%) 

X2 
p- 

value 

ODD’s 
Ratio 

(95% CI) 

(TTTTA) n 
Repeat 

49 (81.6) 11 (18.3) 48.10 <0.001 19 (7-50) 

No repeat 
homozygous 

6 (10) 23 (38.3) 13.14 <0.001 
0.179 (0.06-

0.048) 

No repeat 
Heterozygous 

5 (8.3) 26 (43.3) 19.10 <0.001 
0.5 (0.04-

0.339) 

Table-V: Distribution of genotypic variation in subjects with 
CYP17polymorphism amongst cases and control of PCOS. 

Genotype 
Cases 
n (%) 

Controls 
n (%) 

X2 
p- 

value 

ODD’s 
Ratio 

(95% CI) 

TT 43 (71) 12 (20) 32.25 <0.001 10 (4-23) 

TC 11 (18.3) 8 (13.3) 0.56 0.61 
1.4 (0.5-

3.9) 

CC 6 (10) 40 (66) 40.20 <0.001 
0.5 (0.02-

0.15) 
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zygous (no repeats) and no repeat heterozygous status 
also differed significantly among cases (p<0.001) and 
controls (p=0.001) respectively. Likewise, both showed 
a protective effect on presence of PCOS with weak 
Odds ratio=0.179 (0.06-0.048) and 0.5 (0.04-0.339). 
Aprevious large-scale analysis of CYP11 Alpha showed 
non-significant difference in (TTTTA)n repeat in cases 
and controls18. However, another study observed a 
significant difference in (TTTTA)n repeats among cases 
and controls which is in agreement with our results19. 
We recommend that further studies be carried out on 
local women to settle this point. 

Various studies have reported raised CYP17 
expression and the enzymatic activity in theca cells     
of ovary from patients with PCOS and also increased 
transactivation of the CYP17 promoter20. Research 
work has shown that CYP17 expression is deregulated 
at the level of mRNA stability in theca cells with 
PCOS21. Similarly, in our study, CYP17 polymorphism 
was highly significant (p<0.001) in cases when compa-
red with controls with Odds Ratio (OR=28.9; 95% 
CI=10.7-77.9) and chi square (X2) value of 56.7.  

On the other hand our study showed very strong 
relationship between having polymorphism in CYP17 
and women having PCOS. Earlier it was observed that 
there is increased CYP17 polymorphism in women 
having PCOS but this study lacked comparison with 
controls and cannot be used for concrete evidence22. 
Moreover, they did not undertake hormonal assays of 
testosterone in these patients and failed to comment on 
relationship between this polymorphism and hyper-
androgenism. Earlier it was reported that this enzy-
me’s up regulation may lead to increased androgen 
synthesis23. It can be concluded from above discussion 
that CYP17 polymorphism may have association with 
PCOS but it does not leads to dysregulation of 17, 20 
enzyme activity and cannot be linked to increased 
androgen production in patients of PCOS. 

Sex hormone binding globulin (SHBG) is a pro-
tein that binds to both testosterone and estradiol. Our 
results showed a negative correlation between sex hor-
mone binding globulin and serum testosterone level 
meaning that higher the level of sex hormone binding 
globulin (SHBG) the lower was the level of testoste-
rone. A previous study also stated that SHBG is asso-
ciated inversely with free testosterone23. 

This study thus concludes that CYP17 polymor-
phism is strongly associated with SHBG levels (p= 
0.01). Such observation was contradictory to the result 
documented by a previous study which did not find 

any association between SHBG levels and CYP17 poly-
morphism, though this research was done among 
breast cancer survivors24. PCOS was significantly asso-
ciated with TT genotype of CYP17 gene (p=0.0001) as 
compared to those subjects without PCOS and having 
an OR of 10 (CI=4-23) showing a very high risk of dev-
eloping PCOS if this variation is present. Similar was 
the case with CC genotype with p=0.001, which was 
significantly different in PCOS group and controls 
however the OR was O.5 (CI=0.02-0.15) therefore sho-
wing no increased risk. In fact presence of this allele 
points towards a decreased risk. Another study also 
did not find any significant difference in cases and con-
trols with a lower frequency of CC as compared to TC 
as seen in our findings. It was previously observed that 
there is a significant difference in TC polymorphism 
which is contrary to our findings, however, the diffe-
rence was small and was 8% in cases as compared to 
0% in controls24. 

The results of the present study clearly showed 
that to help the patients of PCOS, there is a need to 
repeat this study of Pakistani women by increasing the 
number of samples, other candidate genes and hormo-
nal levels. It is also submitted that we are a genetically 
distinct group from Caucasian population on which 
major studies have been done, and this type of study 
should also include local population from Baluchistan, 
KPK and Sindh as this study was performed with 
Punjabi population. 

CONCLUSION 

There is a strong association of polymorphism of 
CYP11 Alpha gene with PCOS but the hyperandroge-
nemia seen in patients with PCOS might not be a result 
of this genetic polymorphism. However, mean serum 
testosterone and sex hormone binding globulin levels 
in women with and without this polymorphism show 
no significant difference. And there is no association 
between the above-mentioned polymorphism and 
hypernadrogaemia seen in PCOS. 

CONFLICT OF INTEREST 

This study has no conflict of interest to be 
declared by any authors. 

REFERENCES 

1. Abrahamson PE, Tworoger SS, Aiello EJ, Bernstein L, Ulrich 
CM, Gilliland FD. Associations between the CYP17, CYPIB1, 
COMT and SHBG polymorphisms and serum sex hormones in 
post-menopausal breast cancer survivors. Breast Cancer Res 
Treatment 2007; 105(1): 45-54. 

2. Chua AK, Azziz R, Goodarzi MO. Association study of CYP17 
and HSD11B1 in polycystic ovary syndrome utilizing compre-



CYP11 Alpha and CYP17  Pak Armed Forces Med J 2021; 71 (4): 1484-88 

1488 

hensive gene coverage. MHR: Basic Sci Reprod Med 2012; 8(6): 
320-24. 

3. Dasgupta A, Banerjee U, Roy P, Khan A, Ghosh M, Chowdhuri 
KM. Assessment of CYP17 gene polymorphism in subjects with 
polycystic ovarian syndrome and central obesity in an Indian 
Subpopulation. Int J Human Gene 2014; 14(1): 33-41. 

4. Apridonidze T, Essah PA, Iuorno MJ, Nestler JE. Prevalence 
and characteristics of the metabolic syndrome in women with 
polycystic ovary syndrome. J Clin Endocrinol Metabol 2005; 
90(4): 1929-35. 

5. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, 
Escobar-Morreale HF, Futterweit W, et al. Criteria for defining 
polycystic ovary syndrome as a predominantly hyperandro-
genic syndrome: an androgen excess society guideline. J Clin 
Endocrinol Metabol 2006; 91(11): 4237-45. 

6. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Esco-
bar-Morreale HF, Futterweit W, et al. The Androgen Excess and 
PCOS Society criteria for the polycystic ovary syndrome: the 
complete task force report. Fertil Steril 2009; 91(2): 456-88. 

7. Babu KA, Rao KL, Kanakavalli MK, Suryanarayana VV, Deena-
dayal M, Singh L. CYP1A1, GSTM1 and GSTT1 genetic poly-
morphism is associated with susceptibility to polycystic ovaries     
in South Indian women. Reproduc Biomed Online 2004; 9(2): 
194-200. 

8. Echiburú B, Pérez-Bravo F, Maliqueo M, Sánchez F, Crisosto N, 
Sir-Petermann T. Polymorphism T→ C (-34 base pairs) of gene 
CYP17 promoter in women with polycystic ovary syndrome is 
associated with increased body weight and insulin resistance: a 
preliminary study. Metabolism 2008; 57(12): 1765-71. 

9. Brassard M, AinMelk Y, Baillargeon JP. Basic infertility inclu-
ding polycystic ovary syndrome. Medical Clin North Am 2008; 
92(5): 1163-92. 

10. Wiweko B. Relation between CYP17 polymorphism and Hyper-
androgenemia in polycystic ovarian syndrome. Indonesian J 
Obs Gynecol 2011; 35(1): 3-7. 

11. Carey AH, Waterworth D, Patel K, White D, Little J, Novelli P, 
et al. Polycystic ovaries and premature male pattern baldness 
are associated with one allele of the steroid metabolism gene 
CYP17. Human Molecul Genet 1994; 3(10): 1873-6. 

12. Dadachanji R, Shaikh N, Mukherjee S. Genetic variants associa-
ted with hyperandrogenemia in PCOS pathophysiology. Genet 
Res Int 2018; 4(1): 1-12. 

13. Unluturk U, Harmanci A, Kocaefe C, Yildiz BO. The genetic 
basis of the polycystic ovary syndrome: a literature review incl-
uding discussion of PPAR-γ. PPAR Res 2007; 2007: 49109. 

14. Gharani N, Waterworth DM, Batty S, White D, Gilling-Smith C, 
Conway GS, et al. Association of the steroid synthesis gene CYP 
11a with polycystic ovary syndrome and hyperandrogenism. 
Human Molecular Genet 1997; 6(3): 397-402. 

15. Guyton AC, Hall JE. Textbook of medical physiology 11th ed. 
Philadelphia, Perm: Elsevier Saunders 2006. 

16. Li L, Baek KH. Molecular genetics of polycystic ovary synd-
rome: an update. Cur Molecul Med 2015; 15(4): 331-42. 

17. Yu M, Feng R, Sun X, Wang H, Wang H. Polymorphisms of 
pentanucleotide repeats (TTTTa) n in the promoter of CYP11A1 
and their relationships to polycystic ovary syndrome (PCOS) 
risk: a meta-analysis. Molecul Biol Rep 2014; 41(7): 4435-45. 

18. Bagheri M, Abdi-Rad I, Hosseini-Jazani N, Zarrin R, Nanba-
khsh F, Mohammadzaie N. An association study between 
INSR/NsiI (rs2059806) and INSR/PmlI (rs1799817) SNPs in 
women with polycystic ovary syndrome from West Azerbaijan 
Province, Iran. J Reprod Infert 2015; 16(2): 109. 

19. Perez MS, Cerrone GE, Benencia H, Marquez N, De Piano E, 
Frechtel GD. Polymorphism in CYP11 Alpha and CYP17 genes 
and the etiology of hyperandrogenism in patients with poly-
cystic ovary syndrome. Medicine 2008; 68(2): 129. 

20. Rosenfield RL, Barnes RB, Jose’F C, Lucky AW. Dysregulation 
of cytochrome P450c17α as the cause of polycystic ovarian 
syndrome. Fertil Steril 1990; 53(5): 785-91. 

21. Rotterdam ESHRE/ASRM Sponsored PCOS Consensus Work-
shop Group. Revised 2003 consensus on diagnostic criteria and 
long term health risks related to polycystic ovary syndrome 
(PCOS). Human Reproduc 2004; 19(1): 41-47. 

22. Simoni M, Tempfer CB, Destenaves B, Fauser BC. Functional 
genetic polymorphisms and female reproductive disorders: Part 
I: Polycystic ovary syndrome and ovarian response. Human 
Reproduc Update 2008; 14(5): 459-84. 

23. Lim SK. Polymorphism of CYP17 and CYP11α for polycystic 
ovary syndrome in a Korean population. Genes & Genomics 
2002; 24(4): 343-48. 

24. Li T, Guijin Z. Role of the pentanucleotide (TTTTa) n poly-
morphisms of CYP11α gene in the pathogenesis of hyperandro-
genism in chinese women with polycystic ovary syndrome. J 
Huazhong Uni Sci Technol 2005; 25(2): 212-4. 

 


