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ARTICLE INFO ABSTRACT

Keywords: Purpose: The role of the Sirutin 1 (SIRT1) and MicroRNA-34 a (miR-34a) in endometriosis and the extent to which

SIRT1 the miR-34a/SIRT1/p53 signaling pathway is involved in its pathogenesis is unclear, so we aimed to investigate

miR-34a the expression of miRNA 34-a, SIRT1, Forkhead boxO (FoxO-1), p53 and other apoptotic markers in endometrial
gzz tissue of women with endometriosis in order to better understand their role and the mechanisms of their actions
Bcl-2 and FoxO-1 in the pathogenesis of such disease and if it is related to apoptosis or not.

Endometriosis Methods: Ectopic and eutopic endometriotic tissues were collected from seventy women with endometriosis while

normal endometrial tissues were obtained from 40 fertile women without endometriosis and then gene
expression of SIRT-1, miR-34a,p53, Bax, Bcl-2, Bel-xL and FoxO-1 were measured using RT-PCR.

Results: We detected that SIRT-1 and Bcl-xL genes expressions was significantly up-regulated while miRNA34-a,
p53, Bax, Bcl-2 and FoxO-1 were down-regulated in endometrial tissue of endometriotic patients compared to
that of those without endometriosis. There was an inverse relationship between SIRT-1a, Bcl-xL genes expres-
sions and miR-34a, p53, Bax, Bcl-2 expressions as well as FoxO-1 expression. These results imply that miR-34a
might regulate p53 through SIRT-1 and subsequently FoxO-1 expression in endometriotic tissue, and so it can
contribute to the pathogenesis of endometriosis by decreasing the naturally occurring apoptosis in endometrium.
Conclusion: This study may provide a potential biomarker for endometriosis therapeutics. Identification of target
genes downstream of these transcriptional factors would allow better understanding of their respective roles in

the pathogenesis of endometriosis.

1. Introduction

Endometriosis is defined as chronic inflammatory illness character-
ized by endometrial tissue outside the uterus, which can shed in
response to hormonal changes [1]. The discarded blood falls into
neighboring organs, causing swelling and inflammation leading to pain
and adhesions [2]. Endometriosis is an important reason of pain and
infertility, with a prevalence of 10% in women worldwide [3,4].

Increased proliferation, inflammation, decreased apoptosis, altered
cellular immunity, and progesterone resistance are characteristics of
endometriosis [5]. Endometriosis is considered as an angiogenic disease,
since the ectopic portion needs the formation of extra blood supply,
which is a critical part in the lesion’s pathogenesis [6].

Sirutin 1 (SIRT1) is a member of the sirtuin family of proteins [7]. It
regulates chromatin remodeling, cellular signal and lifespan by its NAD
dependent deacetylation action [8]. SIRT1 acts on both histones and
non-histone proteins such as p53, forkhead boxO (FoxO) and NF-xB [9].
It has a pivotal role as an oncogenic effect and tumor suppressor [10].

* Corresponding author.

Previous reports reported that SIRT1 played a role in endometrial tumor
by targeting sterol regulatory element binding protein 1 (SREBP1) and
lipogenesis [11]. Other studies remarked elevated SIRT1 expression in a
correlation with poor prognosis of ovarian cancer [12].

MicroRNAs (miRNAs) are non-coding RNA that control gene
expression by reducing its translation or decreasing the stability of their
target mRNA [13,14]. It has been found that SIRT1 expression and ac-
tivity are regulated by several miRNAs, miR-34a is one of them [15].
Over-expressing miR-34a decreases SIRT1 protein level and knocking
down miR-34a enhances SIRT1 expression [16] P53 has a very
complicated relationship with both miR-34a gene and SIRT1 making the
miR-34a/SIRT1/p53 signaling pathway of great implication in many
diseases including endometriosis [17].

miR-34a was detected as a tumor suppressor gene in neuroblastoma.
Its expression was reduced in cancer tissues and in endometriosis pa-
tients [18,19].

The pro-apoptotic transcription factor FOXO1 regulates the genes
involved in stress responses, longevity, oncogenesis, and is involved in
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angiogenesis as a negative regulator of blood vessel formation. It has
been showed that SIRT1 bind to and deacetylate FoxO1 suppressing its
pro apoptotic transcriptional activity [20,21]. The miR-34a/SIRT1/p53
signaling pathway was demonstrated to be turned on in variant condi-
tions and apoptosis of different tissues including the endometrium [17].
The role of the miR-34a in endometriosis and the extent to which the
miR-34a/SIRT1/p53 signaling pathway is involved in its pathogenesis is
unclear, so we aimed to investigate the expression of miRNA 34-a,
SIRT1, FoxO-1, p53 and other apoptotic markers in endometrial tissue
of women with endometriosis in order to better understand their role
and the mechanisms of their actions in the pathogenesis of such disease
and if it is related to apoptosis or not.

2. Subjects and methods
2.1. Subjects

Ectopic and eutopic endometriotic tissues were collected from sev-
enty women with endometriosis undergoing a laparoscopic operation at
the Department of Gynecology and Obstetrics, Zagazig University,
Egypt. Diagnosis was confirmed by histopathological examination.
Cycle stage was evaluated depending on the date of the last menstrual
phase and by histological examination, according to Noyes’ et al. (1950)
criteria [22]. We categorized the endometriosis group as stages
I/11/111/1V according to American Fertility Society, 1985 [23].

Normal endometrial tissues were obtained from 40 fertile women
without endometriosis undergoing surgery for benign lesion as curettage
for cervical erosion. All subjects had regular menstrual cycles and did
not receive hormonal treatment for at least 1 month before surgery. We
collected the Endometrial samples by curettage, and frozen it immedi-
ately in liquid nitrogen, and preserved it at —80 °C until further use. The
study was approved by the ethics committee of Zagazig University, and
all subjects before inclusion in our study gave a written consent. Body
mass index (BMI) was calculated by dividing the weight by the squared
value of height in meters. Clinical and demographic characteristics of
the studied groups were summarized in (Table 1).

2.2. Methods

2.2.1. Biochemical measurement

Five mL blood was taken and was left for 10 min to clot and after-
ward was centrifuged. The serum samples were isolated and put away at
- 20 °C till the assay. Serum CA125 was estimated by ELISA utilizing the
Quantikine human CA125 test kits [R and D Systems, Minneapolis, MN].

2.2.2. RNA extraction including miRNA

For isolation of total RNA according to the manufacturer’s in-
structions of the miRNeasy extraction kit (Qiagen, Valencia, CA) by
using 250 pl of QIAzol lysis reagent for 5 min at room temperature.
Then, 200 pL of chloroform was added and vortexed for 15 s, incubating
the samples for 3 min at room temperature, then centrifuged at
14,000xg at 4 °C for 15 min. 600 pL were pipetted in miRNeasy Mini
spin column and centrifuged at 8000xg for 60 s followed by addition of
buffer RWT then buffer RPE before centrifugation at 8000xg for 2 min.
20 pL of eluted miRNA was reverse transcribed by incubation for 30 min
at 25 °C, 30 min at 42 °C, 5 min at 85 °C, and afterward kept up at 4 °C
utilizing the miRNeasy Reverse Transcription Kit (Qiagen, Valencia, CA)
as indicated by the manufacturer’s instructions.

2.2.3. Quantitative real-time polymerase chain reaction [qRT-PCR]

To assess mRNA expression of glyceraldehyde 3-phosphate dehy-
drogenase [GAPDH], Foxo 1 and SIRT1, qRT-PCR was performed using
SYBR green on a [StratageneTMMx3005P] qPCR instrument [Agilent
Technologies]. The PCR conditions for GAPDH, SIRT1 and Foxol were
as follows: for GAPDH, 35 cycles at 95 °C for 10 s, 64 °C for 10 s and
72 °C for 18 s; for SIRT1, 40 cycles at 95 °C for 10 s, 66 °C for 10 s and
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72 °C for 9 s. For FOXO1 gene, 40 cyclesof 10 sat 95 °Cand 15sat 60 °C
and 72 °C for 9 s. For P53, Bax, Bcl-2 and Bcl-xL, initial denaturation at
94 °C for 5 min, followed by 30 cycles for amplification (94 °C for 30 s,
56 °C for 30 s, and 72 °C for 1.5 min) and 72 °C for 5 min. Primers used
are shown in [Table 2]. All PCR reactions were followed using melting
curve analysis [24-26].

2.2.4. Real Time-PCR quantification of miRNA-34a

Measurement of miRNA-34a was completed by SYBR green quanti-
tative real-time polymerase chain reaction test utilizing hsa-mir-34a
SYBR Green PCR kit (Qiagen, Hilden, Germany) on (Stra-
tageneTMMx3005P) qPCR instrument (Agilent Technologies).

The reaction was done on 20 pL final volume containing (2 pL of
c¢DNA, 0.4 pL of hsa-miR-34a-specific primers and 10 pL QuantiTect
SYBR Green PCR Master mix) (Qiagen, Hilden, Germany). The sequence
of the primers used were 5'-GCGCTGGCAGTGTCTTAGC-3' forward and
5'-GTGCAGGGTCCGAGGT-3' reverse. The conditions of the cycling
were: denaturation at 95 °C for 3 min then 40 cycles of: 95 °C for 12 s
62 °C for 40 s, and 70 °C for 10 s. At that point, analysis of melting curve
was performed, and PCR products were electrophoresed on 2% agarose
gels to validate the specific generation of the expected PCR product.
miRNA expression level was normalized from that of the internal control
RNU1A. The amplitude of miRNA expression change, observed in pa-
tients in relation to control group, was analyzed by the ACt method [26].

2.3. Statistical analysis

We analyzed our data using a statistical package for the Social Sci-
ence SPSS 15.0 (Chicago, IL).

Chi square (v2) test was used to interpret the frequencies’ differences
in distinct groups.

We used mean =+ SD to express the serum levels of miRNA. Student’s
t-test and one-way analysis of variance were used to determine any
significant differences among died groups. To assess the correlation
among diverse parameters, we used Pearson’s correlation. If the P value
< 0.05 it was deemed significant. P value was adjusted after Bonferroni
correction.

3. Results
3.1. Demographic data of the patients and control groups

The endometriotic patients and control groups did not differ in age,
BMI and phase of menstrual cycle but there was a significant difference
between patients and controls as regards lipid profile and Cal25
(Table 2).

3.2. Gene expression of the studied parameters in the different groups

We detected that expression of SIRT-1, Bcl-xL in the ectopic and
eutopic endometrial samples were over-expressed compared to normal
endometrial tissue. SIRT-1, Bcl-xL. mRNA level was significantly higher
in ectopic endometrial tissues than that of the eutopic tissue in women
with endometriosis. On the contrary, miR-34a, FOXO1, P53, bcl2 and
Bax expression levels significantly decreased in ectopic and eutopic
endometriosis tissue compared controls and in ectopic endometriotic
tissues compared to eutopic ones [Table 3].

3.3. Correlation between different parameters expression in endometriosis

We observed that SIRT-1 expression level was inversely correlated
with miR-34a, FOXO1, Bcl2, p53 and Bax expression in endometriosis
[Figs. 1 and 2] while SIRT-1 expression level was positively correlated
with Bcl-xl expression [ Table 4]. FOXO1 mRNA expression was posi-
tively correlated with miR-34a expression [Fig. 3].
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Table 1
Clinical and demographic characteristics of the studied groups.

Control group Endometriosis group
[N—40] [N—70]

<30 [n%] 22 [55] 37[52.8]

>30 [n%] 28 [45] 43 [47.2]

BMI [kg/m?| 31+4.3 30 + 4.4
87.3+23.6 96.2421.5 0.044
[cm]

Lipid Profile

Tc [mg/dl] 178.7+£20 186.3+58.7
TG [mg/dl] 101.5+43.8 136.7+47.6
HDL [mg/dl] 52.6£12.4 39.3+13.6
LDL [mg/dl] 76.7+28.5 96.6+52.7

Phase of menstrual cycle

Early secretory n [%] 9[22.5] 12 [17.1]

Mid secretory n [%] 18 [45] 34 [48.6]

Late secretory n [%] 13 [32.5] 24 [34.3]

CA 125 [IU/mL]
<35 IU/mL [n %] 14 [35] 36 [51.4]

>35 IU/mL [n %] 36 [65] 34 [48.6]
AFS stage
1[n %] 1[1.4]

11 [n %] 8 [11.4]

1T [n %] 24 [34.4]

IV [n %] 37 [52.8]

Gynecological history

Primary infertility [n%)] 25[35.7]

Secondary infertility [n%] 20 [28.5]

Pelvic pain [n%)] 64 [91.4]

Dysmenorrhea [n %] 67 [95.7]

BMI (Body mass Index),Tc (total cholesterol), TG (triglycerides),HDL(High density lipoprotein), LDL(Low
density lipoprotein)
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Table 2
Primer sequence and size of amplicon of the studied genes.

Primer sequence

Sense 5'ACCACAGTCCATGCCATCAC 3

Antisense 5 TCCACCACCCTGTTGCTGTA3'

Sirtl Sense 5 GAGATAACCTTCTGTTCGGTGATGAA3'
Antisense 5 CGGCAATAAATCTTTAAGAATTGTTCG3'

GAPDH

FOXO01 Sense 5'-TGG ACA TGC TCA GCA GAC ATC-3’
Antisense 5'-TTG GGT CAG GCG GTT CA-3’

P53 Sense 5’ TGCGTGTGGAGTATTTGGATG-3'
Antisense 5'-TGGTACAGTCAGAGCCAACCTC-3’

Bax Sense 5" GCC CTT TTC TAC TTT GCC AGCR 3’
Antisense 5'TCA GCC CAT CTT CTT CCA GAT3'

Bcl-2 Sense 5 GGC CTT CTT TGA GTT CGG TGG 3’
Antisense 5" GAT AGG CAC CCA GGG TGA TGC3'

Bel-xL Sense 5 CTG GTG GTT GAC TTT CTC TCC3'
Antisense 5’ GCT GCT GCA TTG TTC CCA TAG3'

Table 3

Expression of the studied parameters in the different group.

Control Eutopic EMS Ectopic EMS
[n = 40] goup group
[n=70] [n=70]
Sirt 1 mRNA 0.46 + 0.21 0.79 + 0.35" 0.98 + 0.42%°
expression
MiR- 34a expression 0.84 + 0.23 0.6 &+ 0.19° 0.45 + 0.1*"
Foxol mRNA 0.9 +0.21 0.58 + 0.13" 0.24 + 0.08%"
expression
P53 mRNA expression 0.97 £ 0.23 0.62 + 0.15" 0.31 + 0.06™"
BAX mRNA expression  0.89 + 0.65 + 0.28" 0.45 + 0.13%"
0.0.25
Bcl-2 mRNA 0.871 £ 0.37 0.56 + 0.28" 0.23 + 0.091*"
expression
Bcl-xL mRNA 0.81 + 0.46 1.9 + 0.94" 2.4 + 0.74%°
expression

@ P < 0.05 when compared to control group.
> p < 0.05 when compared to eutopic group.

4. Discussion

Endometriosis is a complex and enigmatic gynecologic disease with
incompletely understood etiology. The morphologic appearance of
endometriosis is marked by proliferation, infiltration, angiogenesis and
severe adhesions, retraction, and deformities to the surrounding tissues/
organs [27].
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The disease has a strong resemblance to neoplastic disease because of
the presence of growth factors and cytokines associated with regulating
cell proliferation and angiogenesis [28]. In addition, analogous to can-
cer, endometriosis lesions may be single or present in distant foci,
mimicking metastases [29,30].

In the current study, we measured the expression of miRNA 34-a,
SIRT1, FoxO-1, p53 and other apoptotic markers expressions in endo-
metrial tissue of women with endometriosis in order to better under-
stand their contribution to pathogenesis of such disease and their
mechanisms of actions.

We observed over-expression of SIRT-1 and Bcl-xL in the ectopic and
eutopic endometrial samples compared to normal endometrial tissue.
SIRT-1 and Bcl-xL mRNA level in the ectopic endometrial tissues of fe-
males with endometriosis was significantly higher than that of the
eutopic tissue. These results show that SIRT-1 expression may be asso-
ciated with the progression of endometriosis and this may be by
decreasing apoptosis as seen by increased Bcl-xL the anti-apoptotic
marker. In this study we measured SIRT1 mRNA level and not its
levels in the serum however it is usually correlated.

Yoo et al. (2017) reported that SIRT1 was over-expressed and co-
localize in the nuclei of endometrial cells from women with endome-
triosis and was co associated with BCL6 [31].

SIRT-1 was significantly up-regulated and promoted tumor prolif-
eration, migration, and invasion capacity in endometrial carcinoma [11]
as well as in ovarian carcinoma [32].

Sirtuin 1 (SIRT1) regulatory function is mostly related to p53 action.
In order to stop the transcription action of p53, it is deacetylated by
SIRT1 in a NAD+-dependent way leading to the control of different
pathways involved in different ailments and tissue homoeostasis [17].

In our study, the levels of miR-34a expression decreased in ectopic
and eutopic endometriosis tissue in relation to its level in the control
group without endometriosis. Similarly, Ying, et al. (2017) demon-
strated down-regulated miR-34a-5p expression levels in patients with
endometriosis [19]. These results support previous findings that
miR-34a-5p suppress disease progression, along with diseases associated
with the endometrium. miR-34a is one of the most recognized tumor
suppressor miRNAs in several tumors which has been reported to be a
direct transcriptional target of p53 [33], and Low levels of miR-34a
expression had been mentioned in numerous types of cancers such as
prostate cancer, hepatocellular carcinoma, chronic lymphocytic leuke-
mia (CLL), colon cancer, and ovarian cancer [34]. Moreover, miR-34a
has been found to inhibit mobileular proliferation and invasion in
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Fig. 1. Negative correlation between sirt] mRNA expression and miR-34a expression in 70 endometriotic patients.
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Table 4
Correlation between sirt-1 mRNA expression and apoptotic marker.

Apoptotic marker SIRT-1 mRNA expression

r P
BAX mRNA expression -0.87 <0.001
Bcl2 mRNA expression -0.73 <0.01
P53 mRNA expression —0.65 <0.03
Bcl-x]1 mRNA expression 0.69 <0.035

vitro, which suggested that miR-34a-5p might play a role in inhibiting
tumor recurrence [35]. In order to prove the role of miR-34a-5p in tumor
suppression we measure the expression of Bcl2, p53 and Bax as pro
apoptotic markers and we found their levels was positively corelated

with miR-34a-5p, while inversely correlated with SIRT1 which give a
huge insight on the pathogenesis of endometriosis and the role of
miR-34a-5p and SIRT1in apoptosis or lack of it in endometriosis.

It was stated that the ratio of apoptosis in shed endometrial tissues
decreased massively in females suffering from endometriosis [36],
proving that there is a big percentage of aging cells in the peritoneal
cavity in endometriotic female, meanwhile it was reported that the
apoptotic index decreased significantly in glandular epithelium in
endometriosis [37].

miR-34a gene is targeted mainly by p53, on the other hand miR-34a
can deacetylate most of the acetylation sites of p53, assuming that there
is a positive feedback loop in the signaling pathway of miR-34a/SIRT1/
p53 in which miR-34a is induced by p53, which is activated by the in-
hibition of SIRT1which is done by miR-34a explaining their mechanism
of action in apoptosis and cell proliferation [17].
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Fig. 3. Positive correlation between miR-34a expression and FOXO1 expression in 70 endometriotic patients.
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We additionally measured the expression of the pro-apoptotic tran-
scription factor FOXO1. We found a significantly decreased expression
of FOXO-1 in ectopic and eutopic endometrium compared to the control
group. In concordance with our results, Shazand et al., 2004, observed a
statistically significant decrease of the FOXO1 mRNA in eutopic endo-
metriosis in the secretory phase [38]. These findings in the eutopic
endometriosis might be explained by that the unusual gene expression
profile of endometrial cells of patients allowed their implantation and
survival in an ectopic site, leading to endometriosis lesions. Angiogen-
esis is an important determinant in tumor initiation, progression, and
metastasis. Angiogenesis performs a critical function in endometriosis
progression [39]. SIRT1 acts as an essential regulator of post-natal
vascular growth therefore, strategies to inhibit SIRT1 activity may also
provide a possibility for anti-angiogenesis therapies [40]. SIRT-1 is one
of the potential targets of miR-34a [16]. MiR-34a was reported to bind
directly to Sirtl mRNA and regulate cell apoptosis via Sirt1-p53 pathway
[16,41]. Sirtl has recently been implicated as a novel modulator of
vascular endothelial cell homeostasis, playing a key role in angiogenesis
through the deacetylation of FoxOl [21,40]. In endothelial cells,
silencing of Sirtl was accompanied by impaired angiogenic function in
vitro [42].

Here we showed by correlation analysis that SIRT-1 expression was
inversely correlated with miR-34a levels therefore, showed a potential
role of miR-34a in inhibiting expression of SIRT-1 in endometriosis.

In our study, SIRT-1 expression level was negatively correlated with
FoxO-1. Some observe also that miR-34a modulates downstream targets
of SIRT1 such as FoxO-1 an essential negative regulator of blood vessel
development [43]. The anti-angiogenesis effect of FOXO1 occurs
through its inhibition on angiogenesis-related molecules such as HIF-1a
and VEGF [44].

In summary, SIRT-1 was over-expressed and level of miR-34a and
FoxO-1 were markedly decreased in endometriosis tissues. These results
imply that miR-34a might regulate p53 through SIRT-1 and subse-
quently FoxO-1 expression in endometriotic tissue, and so it can
contribute to the pathogenesis of endometriosis by decreasing the
naturally occurring apoptosis in endometrium. This study may provide a
potential biomarker for endometriosis therapeutics. Identification of
target genes downstream of these transcriptional factors would allow
better understanding of their respective roles in the pathogenesis of
endometriosis.
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