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Expression of sirtuins 1 in placenta, umbilical cord, and maternal 
serum of patients diagnosed with placenta accreta spectrum
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INTRODUCTION
The placenta accreta spectrum (PAS) refers to the excessive 
trophoblast invasion of part or all of the placenta into the 
uterine wall’s myometrium1. It is histopathologically catego-
rized into placenta accreta, placenta increta, and placenta per-
creta based on the degree of attachment to the myometrium2. 
The frequency of PAS has increased about eight times since 
the 1970s3, and the overall proportion of PAS in recent times 
had indeed reached 0.91%4. PAS is associated with significant 
maternal morbidity because the post-delivery placenta of the 
fetus does not spontaneously separate and can lead to severe 
hemorrhage, frequently leading to an exigency hysterectomy, 
blood transfusion, and critical care unit admission5. Uterine 
scar, cesarean history, and presence of placenta previa (PP) are 
the main clinical risk factors2. Accreta placentation is the con-
sequence of implantation and placental development in a uter-
ine scar (mainly post C-section in the lower segment) where 
the myometrium has been replaced by scar tissue and is often 
extremely thin with loss of the decidua, junctional zone, and 

spiral artery circulation. Hence, it is recently defined as a dis-
order of defective decidua and uterine scar dehiscence, and not 
as a disorder of destructive trophoblast invasion6. However, the 
molecular mechanism underlying PAS is not fully understood.

Sirtuins (SIRT) are a highly conserved NAD+-dependent 
histone deacetylase family and regulate different important cel-
lular pathways such as DNA repair, transcriptional regulation, 
metabolism, and aging7,8. They also have complex roles in either 
promoting or suppressing epithelial-mesenchymal transition 
(EMT), and their functional features may largely depend on the 
cellular context8. Sirtuins 1 (SIRT1) is a member of the sirtu-
ins family. It is extensively expressed in the human and mouse 
placenta and decreased following labor9. In the last trimester 
of pregnancy, the SIRT1 level of the trophoblasts of both the 
patients with preeclampsia10, and in the placenta of the obese 
mice is decreased11. It is also downregulated in advanced mater-
nal age pregnancies12. In addition, it has been shown that SIRT1 
may be related to placental development by controlling EVT 
invasion and spiral artery remodeling through modulation of 
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SUMMARY
OBJECTIVE: Placenta accreta spectrum (PAS) is defined as the attachment of the placenta to the uterine wall in varying degrees. However, the studies 

have explored that the underlying molecular mechanisms of the PAS are very limited. Sirtuins 1 (SIRT1) is associated with placental development by 

controlling trophoblast cell invasion and remodeling of spiral arteries. We aimed to determine the expression level of SIRT1 in placentas, and maternal 

and umbilical cord serum of patients with PAS.

METHODS: In total, 30 individuals in control, 20 patients in the placenta previa group, and 30 patients in the PAS group were included in this study. 

The expression levels of SIRT1 in the placentas were determined by Western blot and immunohistochemistry. Serum levels of SIRT1 in maternal and 

umbilical cord blood were determined by ELISA.

RESULTS: SIRT1 was significantly lower in placentas of the PAS. However, maternal and umbilical cord serum samples were not significantly different 

between groups.

CONCLUSION: SIRT1 may play an important role in the pathogenesis of the PAS.
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EMT13. However, there are no studies on the role of SIRT1 
in PAS. Therefore, in this study, we aimed to investigate the 
expression of SIRT1 in placenta, maternal serum, and umbil-
ical cord serum samples of PAS patients.

METHODS

Study design and population
The study includes 30 individuals in control, 20 patients in 
the PP group, and 30 patients in the PAS group. Patients who 
applied to the Dicle University Faculty of Medicine, Department 
of Obstetrics and Gynecology, were included in our study. 
This study protocol was approved by the Inonu University, 
Clinical Research Ethics Committee (2020/51), and the study 
was performed in accordance with the ethical standards as laid 
down in the 1964 Declaration of Helsinki. Written informed 
consent was obtained from all the participants. Three groups of 
patients were formed. The first group consists of patients with 
no history of cesarean section, uterine intervention, or uterine 
surgery but who were diagnosed with PP without invasion were 
included, and this group was called the PP group. In the second 
group, patients who had at least one previous cesarean section 
and had PP and invasion were included, and this group was 
called the PAS group. The third group was the control group, 
and those with similar demographic features with PP and PAS 
groups and with no known disease were included. The patients 
in the control group were formed from patients who delivered 
by cesarean section. Patients with PP marginalis or inferior 
placenta, those who underwent surgery before the 24th week 
of pregnancy, individuals under the age of 18 years, multiple 
pregnancies, patients with pregnancy complications in the 
past, thyroid dysfunction, hypertension, epilepsy, those with 
gestational diabetes mellitus, and those with type 1 and type 2 
diabetes mellitus were not included in the study. For preopera-
tive diagnosis, abdominal, transvaginal, and Doppler ultraso-
nography were used. PAS or PP was defined according to cur-
rent FIGO consensus guidelines5. PAS was diagnosed with the 
pathology results. Age, number of pregnancies, and gestational 
weeks of the patients were compatible with the control group.

Collecting placental and serum samples
Placental tissues containing villous and extravillous trophoblasts, 
the fibrinoid layer, and the basal plate layer were obtained in 
all groups. They were collected after cesarean section and flash 
frozen using liquid nitrogen and stored at -80° until Western 
blot analysis. For ELISA, maternal peripheral venous blood 
was drawn before the administration of anesthesia in patients 

who underwent general anesthesia and before spinal anesthe-
sia in patients who underwent spinal surgery. Umbilical cord 
blood was taken from the umbilical artery after the umbilical 
cord was clamped and cut.

Immunohistochemistry
Placenta samples from the maternal region were immersed 
in a 10% neutral formaldehyde solution. About 4–6 m par-
affin slices were cut according to the standard paraffin pro-
cess. The antigen retrieval procedure was carried out twice 
in citrate buffer solution (pH: 6.0). Endogenous peroxidase 
activity was inhibited in a 10% hydrogen peroxide solution 
for 7 min. Before the application of primary antibodies over-
night, Ultra V block was applied for 8 min. Then, a secondary 
antibody was used. The sections were exposed to streptavidin 
peroxidase for 20 min. The chromogen utilized was diamino-
benzidine. The slides were mounted following counterstain-
ing with hematoxylin, washing in tap water for 3 min, and 
mounting for 2–3 min.

Western blot analysis
The placenta was ground into a fine powder in a chilled mor-
tar in the presence of liquid nitrogen. Then, cold RIPA buffer 
containing protease-phosphatase inhibitor cocktail and nuclease 
was added to milled sample. Also, 20 μg of protein were sep-
arated by 10% SDS-PAGE gel and transferred into polyvinyl 
difluoride membrane (Santa Cruz). Membranes were blocked 
with 5% skim milk/PBS-T, prior to overnight incubation with 
anti-SIRT1 (Biolegend) and anti-β-actin (Biolegend) antibod-
ies in 2% skim milk/PBS-T. A suitable HRP-conjugated sec-
ondary antibody (Advansa) was utilized to visualize the specific 
bands. β-Actin was used as a loading control.

ELISA
The whole blood was gathered and blood was left to clot at 
20-25°C for 15–30 min for ELISA. The clot was skimmed by 
centrifuging at 1,000–2,000 x g for 10 min at +4°C. Separated 
serums were stored at -80°C. Serum levels of SIRT1 were deter-
mined by a human ELISA according to the manufacturer’s 
instructions (SunRed bio, Shanghai, PR China).

Statistical methods
The statistical analyses were performed using SPSS statistical 
programming. Data are presented as mean±sd. Normally dis-
tributed data in the comparisons between multiple groups were 
analyzed with a one-way ANOVA. p-value <0.05 was consid-
ered to be statistically significant.
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RESULTS

Protein levels of sirtuins 1 in maternal and 
umbilical cord serums
A total of 30 individuals in control (30 maternal and 30 umbil-
ical cord serums), 20 patients in the PP group (20 maternal and 
20 umbilical cord serums), and 30 patients in the PAS group 
(30 maternal and 30 umbilical cord serums) were included in 
this study. Our result showed that there was no statistical dif-
ference between SIRT1 levels in both maternal serum samples 
of control (n=30, mean: 3.8 ng/mL,±sd: 2.0), PP (n=20, mean: 
4.4 ng/mL,±sd: 0.6), and PAS (n=30, mean: 4.4 ng/mL,±sd: 
3.0) (p=0.299) (Table 1) and umbilical cord serum samples of 
control (n=30, mean: 6.3 ng/mL,± sd: 3.5), PP (n=20, mean: 
6.1 ng/mL,±sd: 2.2), and PAS (n=30, mean: 8.0 ng/mL, ±sd: 
4.7) (p=0.135) (Table 1).

Total protein levels of sirtuins 1 in placenta samples
The presence of SIRT1 was examined by Western blot analysis 
in the placental tissues of the three groups via using anti-SIRT1 
primary antibodies. Our result showed that SIRT1 expression 
levels were significantly decreased in PAS patients compared 
to the control and PP groups (*p<0.037, p<0.05) (Figure 1).

Sirtuins 1 localization in placenta samples
It was observed that SIRT1 expression was weak positive in 
cytotrophoblast of the control, PP, and PAS groups (Figures 2A, 
B, C, respectively) in immunohistochemically stained sections. 
It was also observed that SIRT1 expression was increased spe-
cifically in fetal capillary endothelium and syncytiotrophoblast 
cells in the PAS group but weak positive in villus mesenchyme 

(Figure 2C). In addition, there was positive expression of 
SIRT1 in both syncytiotrophoblast and villus mesenchyme 
but weak positive expression in fetal capillary endothelium of 
the PP group (Figure 2B). In the control group, weak positive 
expression in syncytiotrophoblast cells, positive expression in 
villus mesenchyme, and negative expression in fetal capillary 
endothelium were observed (Figure 2A).

DISCUSSION
The increasing number of cases, blood losses, and maternal 
mortality rates related to PAS reveal the need for urgent diag-
nosis and treatment methods for PAS. Although uterine scar, 
cesarean history, and presence of PP are among the clinical 
risk factors2, studies on molecular mechanisms responsible for 

Table 1. Demographic characteristics, and maternal and fetal serum levels of sirtuins 1 in control, placenta previa, and placenta accreta spectrum groups.

Control PP PAS p-value

Age (years) 33.3±4.8 33.4±6.0 33.9±4.9 0.883

Gravidity 4.7±1.9 3.2±2.3 5±1.8 *0.009

Parity 3.2±1.4 1.45±1.5 3.3±1.7 **0.0002

Previous cesarean section 2.7±1.1 0 2.3±1.0 –

Birth weight (g) 3076±420 2954±574 2788±430 0.062

Interpregnancy interval (months)

≤9 2 0 1

>9 28 20 29

Birth week 37.2±1.2 36.5±2.4 36.3±1.2 0.106

Maternal serum level of SIRT1 (ng/mL) 3.8±2.0 4.4±0.6 4.4±3.0 0.299

Umbilical cord serum level of SIRT1 (ng/mL) 6.3±3.5 6.1±2.2 6.3±3.5 0.135

One-way ANOVA was used for comparison of the three groups. *p<0.05, **p<0.01.

Figure 1. Expression level of sirtuins 1 in placentas of control, placenta 
previa, and placenta accreta spectrum. Protein levels of sirtuins 1 were 
determined by Western blotting in the control (n=10), placenta previa 
(n=10), and placenta accreta spectrum (n=10) groups. β-Actin was 
used as a loading control. The image indicates a single representative 
example of experiments (*p<0.05).
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pathophysiology of PAS are very limited. A few studies have 
shown that EMT is effective in PAS14. Although negative regu-
lation of cell migration was downregulated15 and EMT markers 
are high in PAS16-18, there are no studies on the role of SIRT1, 
which has proven efficacy in cell migration and EMT, in the 
pathogenesis of the disease. Therefore, we aimed to investigate 
SIRT1 expression level in PAS.

EMT is a process of molecular and phenotypic epithelial 
cell replacement that supports invasiveness, resulting in the 
transformation of immobile epithelial cells into migrant mes-
enchymal cells16. It is activated by epigenetic regulators and 
shows that abnormally aggressive EMT that continues through-
out pregnancy plays a significant role in PAS development14. 
Duzyj et al. observed the co-expression of cytokeratin-7 and 
vimentin in the PAS group that implies EVTs show their EMT 
characteristics in the third trimester16. Increasing expressions 
of matrix metalloproteinases (MMP-9 and MMP-2), which 
play an important role in the penetration of trophoblast cells, 
were found in samples with PAS17. The best characterized event 
occurring in EMT is the loss of the basic cell–cell adhesion 
protein E-cadherin. In accretated placenta, the expression of 

E-cadherin was lower in the chorionic villi of the invasive part, 
whereas the expression of Snail and TGF-β in the decidual cells 
of the invasive part increased19. In another study, the expres-
sion level of ZEB1, the EMT promoter, was found to be high 
in PAS9. It has also shown that methyl-CpG-binding domain 
protein 2 (MeCP2) regulated by SIRT1, podocin (PODN), 
and apolipoprotein D (ApoD), which participate in negative 
regulation of cell migration, were downregulated at the mRNA 
and protein levels in the PAS group15.

SIRT1 governs a variety of cellular processes. In particular, it 
has been shown to affect epithelial plasticity by reprogramming 
transcription at the epithelial–mesenchymal transition, leading 
to invasion and metastasis. SIRT1 controls trophoblast cell inva-
sion. It has been found that SIRT1 knockdown induces a more 
invasive phenotype in Swan 71 cells accompanied by reduction 
in proliferation and enhancement of MMP-2 and MMP-913, 
which overexpressed in PAS, thereby promoting invasion and 
migration. Moreover, increased invasion resulted from the induc-
tion of EMT markers such as N-cadherin, Snail, and ZEB1 and 
activation of Akt /p38MAPK signaling pathways13 as shown in 
PAS18. In addition, a recent study showed that heat shock 70 kDa 
protein 4 (HSPA4) regulated by SIRT119 is elevated in PAS20.

CONCLUSION
Reduced expression of the SIRT1 in placenta of PAS may be 
effective in the pathophysiology of PAS. However, further stud-
ies need to be conducted to clarify the role of SIRT1 in PAS.
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Figure 2. SIRT-1 immunohistochemical staining in the placenta structure 
of the control (A), placenta previa (B), and placenta accreta spectrum (C) 
groups. (A) Weakly positive SIRT-1 expression in syncytiotrophoblast 
cells (black arrow) and negative SIRT-1 expression in fetal capillary 
endothelium (blue arrow) were observed (bar: 200 μm). (B) Weakly 
positive SIRT-1 expression in fetal capillary endothelium (black arrow) 
and positive SIRT-1 expression in villus mesenchyme (blue arrow) 
were observed (bar: 50 μm). (C) Positive SIRT-1 expression in fetal 
capillary endothelium (black arrow) and positive SIRT-1 expression in 
syncytiotrophoblast cells (orange arrow) were observed (bar: 50 μm).
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