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Abstract

Aim & Objective: Silent information Regulators (SIRT1) gene stimulates the expression of antioxidants and repairs damaged
cells. It affects the mitochondrial activity within the oocytes to overcome the oxidant stress. We aimed to assess an association
of SIRT1 polymorphism (Tag SNPs rs10509291 and rs12778366) with fertility, and assess serum levels of follicle stimulating
hormone (FSH), luteinizing hormone (LH), estradiol, progesterone, manganese superoxide (MnSOD) and SIRT1. Material and
Methods: In this cross-sectional study, 207 fertile and 135 infertile subjects between the ages of 18-45 year were recruited.
Polymerase chain reaction (PCR) was performed; products were electrophoresed in a 2% agarose gel. Descriptive analysis of
continuous variables was expressed as mean + standard deviation. Mann-Whitney test was performed for comparison of groups,
p value <0.001 was considered significant. Single Nucleotide Polymorphism (SNP) data was analyzed by applying chi-squared
statistics. Results: All subjects were age matched (p = 0.896). SIRT1 levels were significantly lower in infertile females when
compared with fertile subjects (p<0.001). AA (rs10509291) and CC (rs12778366) variant frequency was higher in the infertile
than fertile subjects (p<0.01). Similarly, the frequency of A allele (rs10509291) and C allele (rs12778366) was higher in infertile
subjects (p<0.001). Infertile females (29%) showed existence of SNP rs10509291 while 49% demonstrated genetic variation of
rs12778366. MnSOD and SIRT1 levels were found to be lower in these subjects. Conclusion: Presence of SIRT1 genetic variants
(rs10509291 and rs12778366) apparently disturbs the expression of SIRT1 deteriorating mitochondrial antioxidant function
within the oocytes, instigating oxidative stress within. Their probable effect on modulating oocyte maturation may be the

cause of infertility in females.

What’s already known about this topic?
Genetic mutations are responsible for causing oxidative stress giving rise to infertility.
What does this article add?

Genetic mutations of SIRT1 causes oxidative stress, which could be a possible answer to unexplained infer-
tility.
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Introduction:

Infertility is a multifactorial syndrome where a couple fails to conceive even after 12 months of regular
unprotected sexual interaction [1]. It’s a growing global burden effecting 23% of married couples in repro-
ductive age bracket in Pakistan and increasing at rate of 4% annually [1]. There are various known causes



responsible for this increasing burden ranging from reproductive disorders, endocrine imbalance, obesity and
hypothyroidism to psychological disturbance [2].

The fertilization of the ovum has a reliance on the quality of ovum, which is governed by the internal
environment by various factors. Oxidative stress (OS) stands a justified cause of oocyte immaturity [3]. The
chromosomal segregation within an oocyte, fertilization failure of an ovum and fragmentation of the embryo
depends majorly on the redox imbalance, caused by the mitochondrial dysfunction [4,5]. Redox activity has
been reported to get regulated by the enzymatic activities of hormones and protein.

Silent information Regulators (SIRT) (1-7) is recognized as a regulatory protein affecting the oxidative milieu
of the reproductive system [6]. Out of the 7 classes, SIRT1 serves as a "rescue gene,” directly deacetylating
transcription factor carrying out the cellular stress response [7]. The gene incites the antioxidants expression,
which aids in repairing the damaged cells due to oxidative disturbances within the cells and also prevents
dysfunction of the cells [8]. Very little evidence is available but some human studies indicate the presence of
SIRT1 signaling in the ovarian cells’ response to the insulin sensitizer drugs like metformin (MetF), which
is well recognized to enhance the NAD+ /NADH ratio and SIRT1 both, suggesting its role in balancing the
redox activity as an outcome [9]. This implies the role of SIRT1 in controlling the continuing OS, perhaps
by up-regulating the key mitochondrial antioxidant enzymes i.e. catalase and manganese/ mitochondrial
superoxide dismutase (MnSOD) [8]. SIRT1 genetic crosstalk has been associated with altered regulation of
MnSOD [10]. Disturbed levels of LH have been reported with raised OS parameters rendering this to be a
probable cause multiple abortions and infertility in women [10]. Increased HoO2 causes aging of the cells
as shown in the endothelial cells and SIRT1 activation/induction protects against the damaging effects of
hydrogen peroxide [11]. Moreover, significant change of SIRT1 mRNA has also been observed with increase
in reactive oxidative species [6,12]. The raised levels of OS markers are hypothesized to compromise the
nuclear maturation and the mitotic spindles of the maturing oocytes. The SIRT1 gene spreads over 33.72
kb, on chromosome 10g21.3 and is encoded in nine exons intermittently arranged along with eight introns.
SIRT1 null offspring mice had smaller birth size and most of them died through their early postnatal period.
Studies in mice have indicated that SIRT1 gene plays a key role in regulating metabolic and mitochondrial
functions in various tissues through certain targets including PPARy, PGC-1a, and AMP kinase [13 - 15].

Genetic discrepancies have also been established as the solid grounds in around 5 — 10% of infertile females
[16]. Since SIRT1 is capable of moderating the key target proteins maintaining mitochondrial function [17,
18], it is expected that SIRT1 polymorphism (Tag SNPs rs10509291 and rs12778366) in females can cause a
decrease in antioxidants, which may disturb the microenvironment hence causing infertility. Studies focusing
on SIRT1 genetics associated with human infertility are relatively very few as compared to data available
from animal studies. Some studies have identified an association of STRTI genes with predisposition of T2DM
and obesity [19], which are common attributes of infertile females, but so far no study up to our knowledge
indicates the association of SIRT1 polymorphism with infertility in females.

As a known fact, cyclic changes of FSH and LH are essential for normal follicular maturation, yet in normal
conditions low or resting LH concentrations are also ample to cause required maturation of follicles and
oocytes. Factor like SIRT1 polymorphism for changes in MnSOD levels may have adverse effects. Thus, we
aimed to estimate the frequency of SIRT1 polymorphism (Tag SNPs rs10509291 and rs12778366) in fertile and
infertile females, along with the change in the serum levels of follicle stimulating hormone (FSH), luteinizing
hormone (LH), estradiol and manganese/mitochondrial superoxide dismutase (MnSOD) in association with
the genotype variants.

Material & Methods:

This pilot study was designed as cross-sectional study on three hundred and forty two females was conducted
at Aga Khan University, Karachi while the recruitment was done at “Australian Concept Infertility Medical
Centre, Karachi (ACIMC)” during the period of October 2017 till December 2018. After approval from Aga
Khan Institutional ethical committee (4956-BBS-ERC), the research was conducted in accordance with the
guidelines of Helenski and all the participants signed a written consent. Online software at Open Source



Epidemiologic Statistics for Public Health was used to calculate the sample size [20]. In order to achieve
80% power with an odds ratio of minimum 2, hypothetical proportion of fertile with exposure was assumed
to be 22%, with prevalence of infertility 23% [1] and two-sided confidence (1-alpha) of 5% was observed.
The sample size was calculated to be 342 females [20]. All age females between the ages of 18-45 years with
a child less than 2 years of age from all ethnic groups were recruited as fertile. Recruitment for infertile
females was on the basis of the indicated/diagnosis made by a physician according to the criteria of infertility
(failure to conceive since 2 years despite continuous attempts), between the ages of 18 - 45 years, from all
ethnic backgrounds.

Infertile females due to male factor causes or due to tubal blockade were excluded. In addition females with
history of artificial reproductive techniques (ART) in previous pregnancies, recurrent miscarriages, thyroid
dysfunctions, gynaecological tumours, hypertension and diabetes were not included. Those with serious
general health status, using oral contraceptive pills and hormonal treatments or following any contraceptive
measures were also disqualified for enrolment. Body mass index (BMI) of all patients was calculated by
following formula: BMI = weight (Kg) / height (m?) [21].

Biochemical Estimation:

Ten-milliliter of venous blood was collected from the ante-cubital vein of all the study subjects. Serum was
extracted by centrifugation of whole blood and was stored for analysis of estradiol (Kit Cat. No. 07BC-1111
by MP BioCheck, Inc), follicular stimulation hormone (Kit Cat# DKOO010 by Diametra Immuno Assays
S.A. Belgium), leutinizing hormone (Kit Cat. No DKO009 by Diametra source ImmunoAssays S.A), SIRT1
(Kit Cat. No. SG-10458 by Sino Gene Clone Biotech Co., Ltd) and manganese superoxide dismutase using
commercially prepared Elisa kits (Kit Cat. No.SG-10731 by Sino Gene Clone Biotech Co., Ltd).

Genetic Evaluation:

Whole blood sample was used to extract DNA using commercially existing DNA extraction kit from Promega
Genomic (Cat # A1125). Primers were designed using University of California Santa Cruz (UCS) genome
browser primer blast tool for both the SNPs of SIRT1 [rs10509291 (Forward TTCCAACTACGCTAT-
CAATCT; Reverse CAGATAGAAGCCAAGGGTGT) and SIRT1 rs12778366 (Forward TAAGGCTTCTAG-
GACTGGAG; Reverse CTAAGGTCCTATCTACATCC)]. These primers were used for gene amplification.
Product size of 372 base pairs for rs10509291 and 911 base pairs for rs12778366 were produced. PCR was
performed in 0.2ml tube containing 50ul total reaction mixture. Genotype quality control was performed
in 10% of the samples by duplicate checking (rate of concordance in duplicates was >99%). Further re-
confirmation of genotyping accuracy, was made by sequencing several samples with detected polymorphic
variants (Macrogen, Korea) (Figure 1). Data storage and analysis was done using SPSS version 21. De-
scriptive analysis of continuous variables was expressed as mean + standard deviation. Mann-Whitney test
was performed to compare the groups and p value <0.001 was considered significant. HWE was calculated
for single nucleotide polymorphisms (SNP) data. SNP data was analyzed for genotype and allele frequency
determination by applying chi-squared statistics.

Results:
All subjects were age matched and therefore no difference was observed in between the two groups (p=0.896).
Biochemical:

With a mean BMI of 24.75 & 2.6 kg/m? (p=0.021), Progesterone and estradiol levels were lower in infer-
tile females (p=0.041; p<0.001, respectively). Furthermore, LH (p<0.001), MnSOD (p<0.001) and SIRT1
(p<0.001) levels were also noted to be significantly lower in infertile when compared with the fertile subjects.
FSH showed no difference between the groups. (Table 1)

Genetic:

Genotype for SIRT1 rs12778366 and rs10509291 polymorphism was performed, where controls had Hardy-
Weinberg’s equilibrium (HWE) >0.05. Significant difference was noticed between fertile and infertile subjects



when frequencies of both SNP were compared (p<0.01). (Table 2).

Odds ratios of allele frequency was calculated for both the SNPs. Fertile subjects demonstrated a higher
frequency of T allele in both SNPs however, the A allele of rs10509291 and C allele of rs12778366 was higher
in infertile subjects (p<0.001, p<0.001). (Table 3)

When stratifying on the basis of existence of the genetic variant, infertile females exhibited significant higher
percentage as compared to the fertile females, 29% of infertile females showed existence of SNP rs10509291
and 49% showed rs12778366 positivity. (Table 4)

Table 5 expresses significance in the serum levels of hormones in the overall subjects (n= 342) between
the females having and not having the respective mutation. A similar trend of LH, MnSOD and SIRT1
was noticed in both the variants, the serum levels were significantly low in subjects having the mutations
(CC/CT or AA/AT) when compared with the ones not having it (TT). However, progesterone and FSH
demonstrated no significant difference. (Table 5 a & b)

Discussion:

MnSOD has a significant role in the aerobic respiration of cells but also has a crucial role in opposing oxi-
dative stress (OS) with in a cell [22]. The precise mechanism although is not clear yet post-translational,
post-transcriptional modification are thought to counter the effects of OS [23]. SIRT1 activity has recently
been suggested to inhibit oxidant effect through use of dietary antioxidant methods by its effect on mitochon-
drial antioxidant system [24]. Our study is in line with these results, demonstrating a low level of MnSOD
advocating oxidant environment in infertile females owing to a decrease antioxidant control. The damaging
effect of MnSOD on SIRT1 activity has been reported [25] whereas MnSOD is a mitochondrial antioxidant,
which balances (O%) and forms H20O in the mitochondrial matrix [26].

We observed a minor allele frequency (MAF) of both Tag SNPS rs10509291and rs12778366 respectively in
agreement to previous genome project [27]. This change is also known to affect the SIRT in infertile females;
which causes impaired oocyte maturation due to increase in OS in granulosa cells hence leading to infertility
[28,29,30]. We have observed lower level of antioxidant MnSOD in infertile subjects with SIRTI polymor-
phism and disturbedSIRT1 genetic signaling which is similar to previous studies [25,10]. Similarly role of
SIRT1 in moderating atypical meiotic spindle has been identified in mouse model [31].STRT1 rs12778366
has been reported in patients with pituitary adenoma like gonadotropinomas [32]. This may account for the
hormonal (FSH and LH) imbalances seen in the infertile subjects having SIRT1 polymorphisms. Both FSH
and LH are required for normal follicular estradiol biosynthesis [33]. In the current study we observed low
levels of LH with low levels of estradiol in the infertile group of subjects (p<0.001), which could be a cause of
infertility in females. However the underlying factor causing the disturbance in the levels of these reproducti-
ve hormones might be existence of OS within the granulosa cells in response to the constant emotional stress
experienced by the infertile females, as illustrated/described in our previous study [3]. Another animal study
shows that SIRT1-null female mice have unproductive oestrous cycles, hormonal disturbance, inadequate
follicular maturation and improper embryo development [34]. We can thus hypothesize that STRT1 gene po-
lymorphism leads to development of OS, which can give rise to infertility probably due to its effect on oocyte
microenvironment (Figure 2). This pilot study however is limited due to small sample size and exploration
of few OS markers. Furthermore, the study does not mention about remedies to OS .The results although
are preliminary and insufficient to draw an effective conclusion yet emphasizes the importance of genetic
polymorphism as a causal mechanism for OS leading to infertility. This paves the pathway for validation of
results with further exploration of genome-based studies. The extension of this study would be the study
of these parameters in relation to the oocyte maturation and pregnancy outcomes in patients undergoing
ART. Further exploration and correction can help in defining preventive measures for reproductive health.
There is a need for large prospective studies to identify the causal links between these markers. Thus we
conclude that SIRT1 genetic variants (rs10509291 and rs12778366) might be responsible for instigation of
OS as is indicated by decrease in the levels of antioxidants (MnSOD and SIRT1). The induced OS is likely to
impair microenvironment in the ovaries that has disturbed the hormonal balance and likely to impair oocyte



maturity required for fertilization, implantation and hence conception.

We suggest that female subjects with suboptimal levels of antioxidants and low reproductive hormones are
the ones who need thorough investigations and counselling before induction in ART. Furthermore, regular
exercise and antioxidant diet plans could be recommended to such couples as a part of treatment plan. This
will not only reduce the unnecessary burden on the cost of treatment but will also lessen the psychological
stress due to repeated failures of ART. Here is the time where we suggest the role of geneticist to relate
genetic polymorphism with OS markers and suggest options to the infertile couples.
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Table 1: Distribution Of The Descriptive Characteristics Of The Study Subjects



Variables

Fertile n = 207 Mean & SD

Infertile n = 135 Mean + SD

P value

Age (years)

Estradiol (pg/ml

FSH (IU/L)
LH (IU/L)

Progesterone (nmol/L)
Manganese SOD (ng/ml)

SIRT1 (ng/ml)

31.22 + 6.02
230 + 5.37
5.67 £ 2.38
14.23 £ 5.32
66.28 £ 64.28
2.32 £0.58

31.13 £ 5.7
122.45 + 32.64

5.6 £2.1

6.72 £ 3.49

54.23 £ 44.27
0.89 £ 0.8

5.25 £ 2.83

1.82 £ 1.93

0.896
<0.001
0.780
<0.001
0.041
<0.001

<0.001

Values are expressed in Meant+ S.D. Groups are compared by Mann- Whitney U test; where p<0.001 is
considered significant

Table 2: Genotype And Frequencies of SIRT1 SNPs (rs10509291 and rs12778366) In the study

subjects
Genotype Fertile (n= Infertile OR (95% CI) OR (95% CI) P value
207) (n=135)

rs10509291 rs10509291 rs10509291 rs10509291 rs10509291 rs10509291

AA 1 (0%) 10 (7%) 0.05 (0.01 -0.4) 0.05 (0.01 -0.4) 0.005

TA 16 (8%) 29 (21%) 0.28 (0.14 0.28 (0.14 <0.001
-0.54) -0.54)

TT 190 (92%) 96 (71%) Referent Referent -

rs12778366 rs12778366 rs12778366 rs12778366 rs12778366 rs12778366

cC 1 (0%) 18 (13%) 0.02 (0 -0.19) 0.02 (0 -0.19) <0.001

TC 13 (6%) 31 (23%) 0.19 (0.09 0.19 (0.09 <0.001
-0.37) -0.37)

TT 193 (93%) 86 (64%) Referent Referent -

A p value of <0.05 considered significant. Genotype frequencies are expressed in the absolute values with
percentages given in brackets.

Table 3: Association of Alleles of SIRT1 SNPs (rs12778366 and rs10509291) in all study

subjects
Fertile (n= Infertile (n = Allele data OR

SNP Allele 207) 135) Chi Square (95% CI) p-value

rs10509291 rs10509291 rs10509291 rs10509291 rs10509291 rs10509291

A 18 (4%) 49 (18%) 27.41 0.12 (0.05-0.3)  <0.001
(p=<0.001)

T 396 (96%) 221 (82%)

rs12778366 rs12778366 rs12778366 rs12778366 rs12778366 rs12778366

C 15 (4%) 67 (25%) 35.13 0.17 (0.09 -0.32))  <0.001
(p=<0.001)

T 399 (96%) 203 (75%)

The p value of <0.05 was considered significant and was calculated by Chi square test. T is the referent
allele. Allele frequencies are given in absolute values with percentages given in parenthesis.

Table 4: Association of Genotype with Fertility.



Infertile (n

Chi square P

Genotype Existence of SNP  Fertile (n = 207) 135) value

rs10509291 17 (8%) 39 (29%) <0.001
190 (92%) 96 (71%)

rs12778366 14 (7%) 49 (36%) <0.001
193 (93%) 86 (64%)

Values are expressed in n(%). p value <0.01 is significant.

Table 5 (a): Comparison of study parameters between SNP rs12778366 (CC/CT) and TT

females.

Variables CT/CC (n = 64) TT (n = 278) p value
1.15 £ 1.16 1.9+ 1.5 <0.001

SIRT1 (ng/ml) 42 + 3.1 <0.001

Estradiol (pg/ml) 233.052 + 250.4 194.591+ 248.6 0.271

Progesterone (nmol/L) 71.40 + 56.46 59.30 £+ 57.6 0.130

Follicle Stimulating 55+ 24 0.018

(IU/L)

Leutinizing Hormone 5.29 £+ 2.64 9.151 £ 4.5 <0.001

(IU/L)

Where MnSOD: Manganese/mitochondrial superoxide dismutase, The values are given in absolute values.

P <0.05 is considered significant.

(b) Comparison of study parameters between SNP rs10509291 (AA/AT) and TT females.

Variables AA/AT (n = 63) TT (n = 279) p value
MnSOD (ng/ml) 19+ 15 0.02
SIRT1 (ng/ml) 49+ 3.0 <0.001
Estradiol (pg/ml) 198.7 £+ 239.4 231.12 £ 252.3 0.39
Progesterone (nmol/L) 60.28 + 56.15 61.7 £ 52.8 0.86
Follicle Stimulating 5.7+ 2.5 0.70
(1U/L)

Leutinizing Hormone 73 +£45 <0.001

(IU/L)

Where MnSOD: Manganese/mitochondrial superoxide dismutase, The values are given in absolute values.

P <0.05 is considered significant.
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Figure 1 : Genotype: electrophoresis of amplified product of SIRT 1 (rs12778366 & rs10509291
A, B), DNA electropherogram of SIRT 1 (rs12778366 & rs10509291 C-H)

Gel electrophoresis and sequencing chromatograms of SNPs in SIRT1 gene. A & B: PCR amplification shown
as bands on 2% agarose gel of rs10509291 (372bp) and rs12778366 (911bp) of fertile and infertile samples
numbered S1-S11 and S1-S6 respectively. C, D & E: Sequencing chromatograms showing heterozygous and
homozygous (AT, AA & TT) rs10509291 SNPs and (F, G & H) showing heterozygous and homozygous (CT,
CC, TT) rs12837766 SNPs.

Figure 2: Hypothetical view of the possible mechanisms by which SIRT1 affects the microen-
vironment of the granulosa cells.

With advancing age of the oocytes, development of oxidative stress takes place which leads to imbalance
between the oxidants and the antioxidants thus elevating reactive oxygen species, lipid peroxidation and
simultaneously decreasing the expression of SIRT1 via decreased NAD/NADPH ratio (STEP1). These
changes lead to mitochondrial dysfunction by direct injury to the mitochondrial DNA (STEP2) depleting
ATP synthesis by the electron transport chain (STEP3). Stress causes release in cortisol due to the dis-
turbed HPO and HPA axis. Oocyte maturation failure, chromosomal segregation disorders & oocyte/embryo
fragmentation occurs (STEP4) as a result causing infertility.

Figure 1 A: SIRT1 rs10509291 gel image Figure 1B: SIRT1 rs66 gel image
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