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Abstract

Objective: This observational, clinical study was designed to assess the role of sirtuin | (SIRTI),
sirtuin 6 (SIRT6), and resveratrol in in vitro fertilization (IVF).

Methods: Paired serum and follicular fluid (FF) samples were obtained from 30 consecutive
patients (age: 36.43 4+ 4.17 years, body mass index: 22.90 +2.05 kg/m?, duration of infertility:
5.10 £2.80 years) who received IVF treatment. SIRTI, SIRT6, and resveratrol levels were mea-
sured by enzyme-linked immunosorbent assay.

Results: Ovarian hyperstimulation resulted in significantly higher serum SIRT| levels in pregnant
women (8 patients) compared with non-pregnant women (22 patients). SIRT6 levels remained
unchanged after ovarian hyperstimulation, but were significantly lower in pregnant women com-
pared with non-pregnant women before and after hyperstimulation. Both SIRTs were detected in
FF, but they appeared to be independent of their serum levels. After correction for confounders,
FF SIRT6 levels were positively related to mature oocytes (F = 6.609), whereas serum SIRT| and
SIRT6 levels were related to clinical pregnancy (F= 10.008, F = 5.268, respectively).
Conclusions: Our study shows that SIRT | and SIRTS, but not resveratrol, are involved in human
reproduction and they may have a role in oocyte maturation and clinical pregnancy in IVE
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Introduction

Sirtuins (SIRTs) are a highly conserved pro-
tein family of NAD-dependent histone
deacetylases that confer protection against
ageing and age-related disorders. In mam-
mals, seven members of the SIRT family
have been identified (SIRT1-SIRT7) with
different subcellular localizations, tissue
specificity, activity, and functions.'”
SIRTI, SIRT6, and SIRT7 are localized in
the nucleus, SIRT? is localized at the cyto-
plasm, and SIRT3, SIRT4, and SIRTS are
expressed in the mitochondria.*> Generally,
SIRTs regulate cellular metabolism, the
redox state, stress signalling and the cell
cycle, cell survival, and genome stability.®

A large body of evidence has shown that
SIRTs are involved in regulating female
reproductive function.” With advancing
female age, there is a gradual decline in
the size of the ovarian follicle pool, oocyte
yield, and oocyte quality. This process is
termed ovarian ageing. As a result, IVF
outcomes deteriorate from 42.6% to 3.6%
of live births when maternal age progresses
from < 35 years to > 42 years.'’

Studies that applied mouse models of
ovarian ageing have clearly shown that
SIRTI1, SIRT3, and SIRT6 are closely relat-
ed to ovarian reserve and can be regarded
as markers of ovarian ageing.'!
Importantly, expression of SIRTs has
been documented in mammalian ovaries,
granulosa cells, oocytes, and embryos.'> !¢
Furthermore, the SIRTI-deficient mouse
has ovarian dysfunction and compromised
oocyte developmental potential.'’
Furthermore, SIRT3 depletion resulted in
downregulation of steroidogenic enzymes

and caused decreased secretion of proges-
terone in human granulosa cells.'®

In recent years, important studies have
shown that resveratrol (3, 4, 5—trihydroxy-
trans-stilbene)  protects  against  age-
associated infertility'® and improves oocyte
maturation and subsequent development in
various mammals.'”?* This polyphenolic
compound has anti-ageing, anti-oxidant,
anti-inflammatory, and chemopreventive
properties. The beneficial effects of resvera-
trol on female reproduction are thought to
be achieved mainly by inducing SIRTI
expression and by promoting telomerase
activity with subsequent attenuation of
ageing-associated telomere shortening.?’ 224

The present study aimed to investigate
involvement of nuclear SIRT1, SIRT6, and
resveratrol in the process of IVF in women
receiving this treatment. We examined the
response pattern of these biologically active
compounds with ovarian hyperstimulation
and assessed the relationship between
serum and follicular fluid (FF) levels of
these compounds. Furthermore, we
attempted to establish the effects of SIRTI,
SIRT6, and resveratrol individually or in
combination on reproductive performance
as estimated by the number of mature
oocytes and embryos, chemical and clinical
pregnancy, and live-born infants.

Methods

Patients

We carried out an observational, clinical

study between 1 September 2016 and
I October 2016 in the Assisted
Reproduction  Unit, Department  of
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Obstetrics and Gynaecology, University of
Pécs, Hungary. During this time, we initiat-
ed 30 randomly chosen IVF cycles and per-
formed transvaginal ultrasound-guided
aspiration of FF.

The patients were consecutively selected.
No patients suffered from any metabolic or
vascular diseases, such as obesity, diabetes
mellitus, metabolic syndrome, fatty liver
diseases, or atherosclerosis, during the
study period. The patients had the follow-
ing main infertility diagnoses: male factors
(13, 43.33%), damaged or blocked fallopian
tubes (5, 16.67%), severe endometriosis (5,
16.67%), other female factors (6, 20.00%),
and unexplained infertility (1, 3.33%).

We performed superovulation treatment
after completing some basic examinations.
These examinations included a cervical
smear, serum hormone measurements (fol-
licle-stimulating hormone [FSH], luteiniz-
ing hormone [LH], prolactin, oestradiol,
progesterone, testosterone, thyroid-
stimulating hormone) on the 3rd and 21st
days of the unstimulated cycles, human
immune deficiency virus and hepatitis-B
surface antigen screening, hysteroscopy or
hysterosalpingo-contrast sonography, and
an andrological examination. Two indepen-
dent gynaecologists approved participation
of the patients in the IVF procedure.

Controlled ovarian hyperstimulation

The gonadotropin-releasing hormone ago-
nist triptorelin (Gonapeptyl; Ferring, Kiel,
Germany) was used in a long or short pro-
tocol. Stimulation was performed with indi-
vidual dosages of recombinant FSH
(Gonal-F; Serono, Aubonne, Switzerland),
which varied from 150 to 250 IU per day
depending on follicular maturation. The
starting dose was adapted according to the
body mass index (BMI) and age. For
patients with a previously known low
response, recombinant FSH was increased
to a maximum dose of 300 IU daily.

Follicular maturation was determined by
ultrasound examination from the 6th day
of the cycle every other day. We changed
the amount of administered gonadotropins
individually according to the size of the fol-
licles. Final oocyte maturation was induced
by injection of 250 pg of human chorionic
gonadotropin (hCG) (Ovitrelle; Serono)
when at least two follicles exceeded 17 mm
in diameter. Aspiration of FF was per-
formed 36 hours later by ultrasonography-
guided transvaginal puncture under routine
intravenous sedation. FF aspirates were
only obtained from mature follicles.

Collection of blood serum and FF

Blood samples were obtained from the
patients before the stimulated cycle on
the 21st day of their menstrual cycle and
in the morning of follicular puncture
before sedation. Oocyte and FF collection
was performed using the Sonoace 6000C
two-dimensional real-time ultrasound scan-
ner equipped with a 4- to 8-MHz endovagi-
nal transducer in G-MOPS™ medium
(Vitrolife, Goteborg, Sweden). The fluid
was centrifuged for 10 minutes at 252 x g
and the supernatants were frozen and
stored at —80°C for future analysis.

Fertilization procedures

The fertilization process was carried out
with intracytoplasmic sperm injection
(ICSI) depending on the andrological
status (sperm count <15 M/mL), maternal
age (>35 years), and the number of previ-
ous IVF cycles the patients had undergone
previously (>2).

The oocytes that were selected for ICSI
and denuded with hyaluronidase were
checked for maturity. Only metaphase II
oocytes that showed the presence of the
first polar body were selected for fertiliza-
tion. ICSI was performed 3 to 6 hours later
in G-MOPS™ medium (Vitrolife). The
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other oocytes were fertilized with the con-
ventional IVF method in a bicarbonate-
buffered medium (G-IVF™, Vitrolife).
Fertilization was checked in G-Iv5S™
medium (Vitrolife) 24 hours later.

Embryo transfer was carried out 3 to 5
days after follicular puncture. G-21Mv5
medium (Vitrolife) was used from day 3 to
the blastocyst stage. Only the best quality
embryos were transferred (according to the
consensus embryo scoring system of the
European Society of Human
Reproduction and Embryology). Upon the
patient’s request, one, two, or three embry-
os were transferred. The remaining embryos
were frozen in compliance with Hungarian
law. A total of 300 mg of progesterone was
prescribed to support the luteal phase
(Utrogestan; Lab. Besins International S.
A., Paris, France). Evaluation of treatment
was performed by a transvaginal ultra-
sound examination to detect a gestational
sac 21 days after embryo transfer.

Laboratory measurements

Laboratory measurements were performed
by using commercially available enzyme-
linked immunosorbent assay (ELISA) kits.
SIRTI1, SIRT6, and resveratrol kits were
produced by Cloud-Clone Corporation
(Houston, TX, USA) The intra- and inter-
assay coefficients of variation were <10%
and <12%, respectively, for each kit. The
detection limits for SIRT1, SIRT6, and res-
veratrol levels were 0.27, 0.115, and 246.9
ng/mL, respectively.

Ethics approval and consent to
participate

The study was reviewed and approved
by the Human Reproduction Committee
of the Hungarian Medical Research
Council  (5273-2/2012/EHR).  Informed
consent was signed by the patients who par-
ticipated in the study. The investigation

conformed to the principles outlined in the
Declaration of Helsinki.

Statistical analysis

Statistical analyses were performed using
IBM SPSS Statistics for Windows, Version
22.0 (IBM Corp., Armonk, NY, USA).
Normality of data distribution was tested
by the Kolmogorov—Smirnov  test.
Depending on distribution of data, the
Student’s paired or independent t-test was
used to compare continuous variables. The
association between two continuous varia-
bles was tested by using Spearman’s or
Pearson’s correlation coefficients. Analysis
of covariance was used to examine the
effect of SIRT1, SIRT6, and resveratrol
levels on outcome measures in patients
with IVF. The Bonferroni test was used
for multiple comparisons. Data are
expressed as mean +standard deviation.
A value of p < 0.05 was considered statis-
tically significant.

Results

The clinical parameters of the patients are
shown in Table 1. A total of 30 patients
were included in the study. In response to
ovarian hyperstimulation, serum SIRTI1
levels tended to increase (p=0.378) and
SIRTG levels remained unchanged, but res-
veratrol levels were significantly increased
(p=0.009) compared with those before
ovarian hyperstimulation. FF levels of
SIRT1 and resveratrol were markedly
lower than those in serum (both p <0.001;
Table 2), while FF SIRT6 levels were simi-
lar to serum levels.

Patients who underwent successful IVF
treatment and progressed to clinical preg-
nancy and delivery at term (8 patients, preg-
nant group) were compared with those who
failed to become pregnant (22 patients,
non-pregnant group) (Table 2). A similar
response pattern was observed after
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Table I. Clinical characteristics of the patients.

Characteristics n=30
Age, years 3643 £4.17
Nulligravid, n (%) 24 (80.0)
Nulliparous, n (%) 22 (73.3)
Duration of infertility, years 5.1£28
Body mass index, kg/m? 22.9+ 2.05
Cause of infertility, n (%)
Poor semen quality 13 (43.33)
Tubal 5 (16.67)
Endometriosis 5 (16.67)
Other female causes 6 (20.00)
Unexplained I (3.33)
No. of stimulation procedures initiated previously
Cycle 0 13
Cycle | 9
Cycle 2 4
Cycle 3 4
Serum oestradiol, pmol/L 1645.3 +-2046.3
Progesterone, nmol/L 245+16.3
Total dose of gonadotropin, 1U 1505.3 + 605.1
Duration of stimulation, days 11.8429
No. of mature oocytes (metaphasis Il) 5.03+£4.78
No. of Grade | embryos 2934223
No. of transferred embryos (fresh only) 1.69 +£0.47
hCG on day 12, IU 248414853
No. of chemical pregnancies, n (%) 8 (26.6)
No. of clinical pregnancies, n (%) 8 (26.6)

Values are n (%) or mean =+ standard deviation. hCG = human chorionic gonadotropin.

Table 2. Serum and follicular fluid levels of sirtuin I, sirtuin 6, and resveratrol during IVF.

Sirtuin | (ng/mL)

Sirtuin 6 (ng/mL)

Resveratrol (ng/mL)

I 2 3 I 2 3 I 2 3

All patients (n=30)

Mean  4.66 5.65 1.02°° 0.27 0.28 0.33 20362  2380.8° 1080.1°°

SD 3.80 3.20 0.57 0.19 0.18 0.17 543.1 941.2 398.9
Non-pregnant group (n=22)

Mean  4.07 472 0.96°° 0.31 0.31 0.29 2066.5 2422.0 1184.9°

SD 2.71 2.69 0.44 0.19 0.19 0.17 491.8 889.1 354.8
Pregnant group (n=28)

Mean  6.04  7.93%* 1.31°° 0.14* 0.19* 0.45 1956.7 22724 791.7%

SD 564  3.36 1.07 0.07 0.09 0.06 691.9 1125.3 389.9

Numbers |, 2, and 3 represent serum samples before (1) and after ovarian hyperstimulation (2), and follicular fluid

samples (3).

*p < 0.05, compared with the non-pregnant group; °significant intra-group difference between values before and after

ovarian hyperstimulation: °p< 0.05, °°p < 0.01.

IVF =in vitro fertilization, SD = standard deviation.
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hyperstimulation in serum and FF levels of
SIRTI1 and resveratrol, but no difference
was detected in SIRT6 levels in either
group. Pregnant patients had significantly
higher post-hyperstimulation SIRTI levels
compared with those in non-pregnant
patients (p=0.039). In pregnant patients,
pre-hyperstimulation serum and FF
SIRT1 levels appeared to be higher than
those in non-pregnant patients, but this
did not reach significance. In contrast to
SIRTI, serum SIRT6 levels were signifi-
cantly lower in pregnant women (before
and after hyperstimulation, p=0.002 and
p=0.049, respectively) compared with
non-pregnant women. FF resveratrol
levels were also significantly lower in preg-
nant women compared with non-pregnant
women (p=0.014), but serum resveratrol
levels were similar in the two groups.

To examine the possible contribution of
circulating SIRTs and resveratrol to their

respective FF levels, we examined the rela-
tionship between the corresponding param-
eters that were measured simultaneously in
serum and FF. A significant positive corre-
lation was found  between  post-
hyperstimulation serum and FF resveratrol
levels (r=0.555, p=0.002). However, we
failed to demonstrate such an association
for SIRT1 and for SIRT6 levels. This find-
ing suggested that local ovarian production
of these SIRTs predominates over their
serum-derived fraction.

Maternal age negatively affected serum
SIRTI1 and resveratrol levels (SIRTI1 after
hyperstimulation: r=-0.427, p=0.029;
resveratrol before hyperstimulation:
r=0.400, p=0.032, Table 3). A further
negative association was found between
FSH dosage and serum SIRTI1 levels
(r=-0.379 and —0.488 before and after
hyperstimulation, both p <0.05).
However, serum SIRTI1 levels were

Table 3. Correlations of clinical and laboratory parameters with serum and follicular fluid levels of sirtuins

and resveratrol during IVF (n=30).

Sirtuin | (ng/mL)

Sirtuin 6 (ng/mL)

Resveratrol (ng/mL)

I 2 3 2 3 I 2 3

Age (years)

r —0.195 —0.427*% 0.107 —0.147 —0.194 0.019 —0.400* —0.123 0.142

p 0.310 0.029 0.610 0448 0313 0925 0.032 0.526  0.453
BMI (kg/m?)

r —0.479* 0.240 0.170 —0.085 —0.163 0.161 —0.074 0.043  0.061

p 0.013 0.258 0.428 0.679 0427 0451 0.704 0.829 0.752
No. of cycles

r —0.007 0.038 0.472*% —0.296 —0.179 0.003 —0.241 0.086  0.024

p 0.972 0.853 0.017 0.118 0354 0989 0.209 0.659 0.898
E2 (pmol/L)

r 0.497*%*  0.022 —0.090 —0.08] —0.046 0.055 0.333 0.300 0.124

p 0.007 0916 0.668 0.683 0818 0.786 0.078 0.121  0.521
FSH dosage (U/L)

r —0.379* —0.488* —0.120 —0.020 —0.192 0.238 —0.17I —0.026 —0.327

p 0.046 0.013 0.569 0.920 0327 0233 0376 0.894 0.084

IVF = in vitro fertilization, BMI =body mass index, E2 = oestradiol, FSH = follicle-stimulating hormone.
Numbers I, 2, and 3 represent serum samples before () and after ovarian hyperstimulation (2), and follicular fluid

samples (3).
r =correlation coefficient; *p < 0.05, **p < 0.01.
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positively related to oestradiol before
hyperstimulation (r=10.497, p=0.007).
The effect of SIRT1, SIRT6, and resver-
atrol, as well as some selected clinical and
laboratory parameters, on outcome meas-
ures in our patients with IVF were also
investigated. The number of oocytes,
mature oocytes, and embryos, as well as
serum hCG levels on day 12 and clinical
pregnancy, were used as indices of outcome
(Table 4). Univariate linear regression
showed that none of these outcome meas-
ures, except for hCG levels on day 12
(r=0.436, p=0.042), were affected by
SIRTs or by resveratrol. Serum oestradiol
positively affected the number of oocytes
(r=0.604, p=0.001), mature oocytes
(r=0.538, p=0.003), and embryos
(r=0.435, p=0.018). Maternal age had a
negative effect on all of these parameters
(number of oocytes: r=—0.375, p=0.054;
mature oocytes: r=—0.444, p=0.020; and
embryos: r=—0.457, p=0.016). Analysis of
covariance was applied to examine the
effect of different markers on clinical preg-
nancy using maternal age as a covariate.
We found that serum SIRTI1 levels
(F=10.008, p=0.005) and serum SIRT6
levels (F=5.268, p=0.031) had a signifi-
cant effect on the occurrence of clinical
pregnancy. Moreover, FF SIRT6 levels
were significantly higher in patients with a
mature oocyte number of >10 than in those
of <9 (0.5154+0.193 ng/mL versus 0.288
+0.176 ng/mL; F=6.609, p=0.016).

Discussion

The present study showed that in women
who underwent IVF, ovarian hyperstimula-
tion resulted in an elevation in serum
SIRT1 levels in patients who progressed
to clinical pregnancy. In contrast, SIRT6
levels remained unchanged after ovarian
hyperstimulation and they were markedly
reduced in pregnant women compared

with non-pregnant women. Both SIRTs
were detected in FF, but they appeared to
be independent of their serum levels, which
suggested that FF SIRT1 and SIRT6 levels
were mostly derived from local ovarian pro-
duction. With measurement of resveratrol
in serum and FF samples, we could not pro-
vide evidence for resveratrol stimulation of
SIRTI and SIRT6. Univariate linear
regression showed that the outcome meas-
ures of IVF were independent of SIRTs.
However, when corrections were made for
confounders, serum SIRT1 and SIRT6
levels were positively related to clinical
pregnancy and FF SIRT6 levels were relat-
ed to the number of mature oocytes.

With regard to function in female repro-
duction, nuclear SIRT1 and SIRT6 and
mitochondrial SIRT3 are the most exten-
sively studied SIRTs. SIRT1 protects cells
against oxidative stress, regulates glucose/
lipid metabolism, promotes DNA stability,
and extends the lifespan.>>?° SIRTI regu-
lates the metabolic response to caloric
restriction, which is the main factor in slow-
ing down ageing and in reducing age-
related disorders.”’” SIRT! may mediate
diverse cellular responses because its sub-
strates can be histone-modifying enzymes,
transcription factors, regulators of cell
cycle progression/survival under stress, cell
signalling components, DNA repair modu-
lators, and regulators of metabolism.*®
SIRTI has also been identified as a positive
regulator of telomere length because it
attenuates telomere shortening associated
with ageing.” Importantly, post-
translational modification of SIRT1 by dif-
ferent kinases may exert either stimulatory
or inhibitory effects on its activity.™

Involvement of SIRTI in female repro-
ductive function has also been established.
In addition to various mammalian spe-
cies'" !> SIRTI mRNA abundance has
been detected in human granulosa cells,
and its regulatory role in progesterone
secretion, aromatase expression, and
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Table 4. Effect of sirtuins and resveratrol, as well as some selected clinical parameters, on outcome

measures in patients with IVF (n=30).

Oocyte Mature oocyte Embryo hCG levels (IU)
number number number on day 12
Hormonal parameters
Sirtuin | (ng/mL) | r 0.309 0.221 0.218 0.228
p 0.125 0.279 0.285 0.283
2 or 0.130 0.125 0.045 0.376
) 0.545 0.560 0.833 0.093
3 r —0.029 —0.101 —0.079 0.136
p 0.892 0.638 0.713 0.557
Sirtuin 6  (ng/mL) | r 0.064 0.087 0.184 —0.275
P 0.757 0.673 0.369 0.204
2 r —0.234 —0.097 —0.090 0.154
p 0.250 0.639 0.663 0.484
3 0r —0.214 —0.042 —0.172 0.436*
p 0.315 0.844 0.421 0.042
Resveratrol  (ng/mL) | r 0.246 0.182 0.130 —0.137
P 0.199 0.346 0.502 0.504
2 r 0.113 0.107 0.050 —0.209
p 0.568 0.587 0.802 0316
3 0r —0.025 —0.070 —0.110 —0.385
p 0.897 0.718 0.571 0.052
Clinical parameters
Age (years) r —0.375 —0.444* —0.457*  —0.274
p 0.054 0.020 0.016 0.195
BMI (kg/m?) r 0.018 0.076 0.157 —0.199
p 0.927 0.696 0417 0.331
No of cycles r 0.006 -0.051 —0.061 —0.256
p 0.976 0.794 0.751 0.206
E2 (pmol/L) r 0.604%** 0.538%* 0.435% 0.008
) 0.001 0.003 0.018 0.968
FSH dosage r —0.158 —0.128 —0.076 0.148
p 0.412 0.509 0.695 0.472
hCG levels (IU) on day 12 r —0.123 0.011 —0.081
P 0.550 0.956 0.695

IVF =in vitro fertilization, BMI =body mass index, E2 =oestradiol, FSH = follicle-stimulating hormone, hCG = human

chorionic gonadotropin.

Numbers [, 2, and 3 represent serum samples before (1) and after ovarian hyperstimulation (2), and follicular fluid

samples (3).
r = correlation coefficient, *p < 0.05; *p < 0.01.

oestrogen synthesis has been demonstrat-
ed.”®3! Most recently, Zhao et al.*> provid-
ed evidence that all seven members of the
SIRT family were present in human germi-
nal vesicles and in mature oocytes in vivo
or in vitro. However, the relative

abundance of SIRTs in in vivo mature
oocytes exceeded that of mature oocytes
in vitro. Our study also provided evidence
for local ovarian production of SIRT1 and
it showed an association with clini-
cal pregnancy.
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Importantly, an association has been
reported between telomere length in the
cumulus—oocyte complex and oocyte/
embryo quality in women undergoing
IVF.?>? There is also convincing evidence
that SIRT1 and SA1/SA2 cohesion proteins
modulate telomere homeostasis in cumulus
cells.** SIRT1 expression correlates with
cohesion  proteins, telomere length,
response patterns to ovarian stimulation
(oocyte number >6 versus <4), maternal
age (>38 versus <34 years), and BMI
(>25 versus <25 kg/m?).*

SIRT6 has multiple enzymatic activities
and regulates DNS repair and telomere
maintenance when challenged by oxidative
stress. Furthermore, SIRT6 functions as a
nutrient sensor and controls glucose and
lipid metabolism.®>> In mouse oocytes,
SIRT6 depletion resulted in inadequate his-
tone deacetylation, chromosome missegre-
gation, and aneuploidy with subsequent
defects in embryonic development.**’ In
humans, SIRT6 was also found to be
expressed in germinal vesicles, and SIRT6
was upregulated during maturation in in
vivo and in vitro mature oocytes.32

The present study showed SIRT6 levels
in the maternal circulation and FF, which
suggested a role in oocyte maturation and
in early embryonic development.
Unexpectedly, serum levels of SIRT6 were
markedly reduced in women who pro-
gressed to clinical pregnancy compared
with those of non-pregnant women.
However, FF SIRTO levels were positively
related to the mature oocyte number and
serum SIRTO6 levels had a positive effect
on successful pregnancy when adjustments
were made for relevant clinical and bio-
chemical confounders.

On the basis of compelling evidence on
the fertility-sparing effects of resveratrol in
mammalian females, we anticipated a posi-
tive association of serum and/or FF resver-
atrol levels with SIRTs and IVF outcome
measures.”® The protective effects of

resveratrol are due to induction of proges-
terone secretion and to its anti-oxidant
properties that are closely related to an
increase in SIRT1 expression.'”?* Our fail-
ure to reveal such an association might be
explained by the relatively low concentra-
tion of resveratrol present to exert its
dose-dependent stimulation of expression/
action of SIRTI.

Conclusions

Although our study provides some circum-
stantial evidence for involvement of SIRTSs
in control of folliculogenesis, oocyte matu-
ration, and developmental potential of early
embryos, definitive conclusions cannot be
drawn. We measured immunoreactive
SIRT1 and SIRT6 protein levels, which
are not reliable measures of their function.
SIRT proteins may dissociate from their
mRNA expression because they may under-
go post-translational modifications.
Epigenetic damage by phosphorylation or
by small interfering RNA may alter confor-
mation of SIRT protein, binding to their
substrates, catalytic activity, and immuno-
reaction.’**° Because these modifications
cannot be detected by ELISA, further stud-
ies need to be conducted to determine the
molecular mechanism of SIRT function in
patients receiving IVF.
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