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Summary
Objective: This study aims to explore the role of hypoxia inducible factor-1α (HIF-1α) in morbidly adherent placenta (MAP).Materials

and Methods: Ten pregnant women with placenta increta, 20 pregnant women with placenta previa, and 30 normal pregnant women as
controls participated in the present study. Real-time reverse transcription polymerase chain reaction (RT-PCR) was used to measure the
mRNA expression of HIF-1α in the placenta. Enzyme-linked immunosorbent assay (ELISA) was performed to analyze the HIF-1α
protein levels in the placenta. Results: The mean expression of placental HIF-1α in the placenta increta and placenta previa groups was
significantly higher than that in the normal placenta. The level of placental HIF-1α in the placenta increta was significantly higher than
that in the placenta previa (p < 0.05). The level of placental HIF-1α had no obvious correlation with the accreta site and umbilical cord
insertion. Conclusion: The morbidly of adherent placenta is closely correlated to adverse pregnancy outcomes during the perinatal period.
Placental HIF-1α is associated with morbidly adherent placenta.
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Introduction

Abnormalities associated with morbidly adherent pla-
centa can be reflected in the abnormal site, such as the pla-
centa previa (PP), and depth, such as the placenta accreta
(PA), of adherence. This refers to a group of diseases of ab-
normal adherence of the placenta to the uterine wall. Mor-
bidly adherent placenta seriously affects maternal and child
health. The change in microenvironment from hypoxia to
normoxia (or the physiological shift in oxygen pressure) is
a prerequisite for the normal development of the placenta.
The transcription factor HIF-1 was found in nuclear extracts
under the conditions of oxygen deficit. Under hypoxic con-
ditions, its expression changes along with the changes in in-
tracellular oxygen concentration. The present study inves-
tigates the expression level of HIF-1 in cases of morbidly
adherent placenta, in order to determine its relationship with
the pathology.

Clinical Significance

The present study investigates the expression level of
HIF-1 in cases of morbidly adherent placenta, in order to
determine its relationship with the pathology. By mediating
EMT and VEGF, HIF-1α can enhance the trophocyte in-
vasion, leading to abnormal vascular remodeling, and drive
the genesis and development of the PA. However, the occur-
rence of MAP is complicated. At present, the pathophysio-
logical mechanism of MAP is not yet fully understood. The
specific role of HIF-1α in the genesis and development of
MAP requires further studies.

Methods

From January to December 2015, the investigators re-
viewed pregnant women who received regular antenatal
care, and were hospitalized for caesarean section at the Ob-
stetric Department of Fujian Provincial Maternity and Chil-
dren’s Hospital. All subjects were ethnic Chinese. Based on
the clinical manifestations, ultrasound test and postoperative
pathological examination, there were 10 cases of PA and 20
cases of PP. Thirty pregnant women who received caesarean
section due to scarred uterus, abnormal fetal site, abnormal
obstetric canal, and social factors were selected and assigned
to the normal control group (NC). For the diagnostic crite-
ria for PA and PP, the present study referred to a relevant
literature [1]. Late pregnancy was defined as 28 weeks or
later. Those with both PP and PA were included in the PA
group. None of the subjects underwent labor, or had pre-
mature rupture of membranes at the time of their caesarean
section. Furthermore, none of the women were in active la-
bor, had rupture of the fetal membranes, or had clinical signs
of infection. Patients with pregnancy complications and sur-
gical complications were excluded from the study. All sub-
jects were single pregnancies. An informed consent was ob-
tained from each patient. The protocol for the present study
was approved by the local Institutional Review Board. The
clinical features of the subjects are presented, as follows:

Collection of specimen
After the placenta was delivered, the tissues were asep-

tically taken from the maternal surface of the placenta. The
specific sites for collecting the tissues of different groups
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Table 1. — Comparison of clinical data in the three groups (mean ± SD).

Group No. of cases Age (Y) No. of pregnancies No. of
cesarean sections

Time between the
xurrent and the previous
cesarean sections (Y)

Gestational weeks

PA group 10 31.7 ± 6.6 2.7 ± 1.8*H 0.7 ± 0.7 3.7 ± 4.0 35.3 ± 4.0*
PP group 20 30.3 ± 5.8 1.5 ± 1.5 0.4 ± 0.8 1.9 ± 3.5 36.2 ± 2.5*
Normal group 30 30.2 ± 3.8 1.0 ± 0.8 0.5 ± 0.6 2.1 ± 2.5 39.2 ± 1.1

Note: Compared with the normal group, *p < 0.05; compared with the PP group, H p < 0.05.

Table 2. — Comparison of clinical data of pregnant women in the three groups (mean ± SD).

Group No. of cases Hospital stay Hospital costs
(in Unit: RMB 10,000)

Intraoperative
hemorrhage (mL)

Postoperative
hemorrhage (mL)

Duration of
operation (min)

PA group 10 8.0 ± 4.3* 2.2 ± 1.6*H 1280.0 ± 1316.9*H 768.4 ± 793.3* 92.6 ± 67.6*H

PP group 20 6.5 ± 2.9 1.2 ± 0.3 543.0 ± 179.7 574.8 ± 177.8 54.8 ± 15.9
Normal group 30 5.4 ± 1.7 0.9 ± 0.1 383.3 ± 130.9 400.2 ± 135.6 53.8 ± 16.9

Note: Compared with the normal group, *p < 0.05; compared with the PP group, Hp < 0.05.

are described, as follows: PA group: The placenta tissues
were collected from two sites, the accreta site and the non-
accreta site. PP group: The placenta tissues were collected
from two sites: the marginal site and the central site. NC
group: The placenta tissues were collected from one site:
the central site. The size of each tissue collected was 1.0 ×
1.0 × 1.0 cm. Any site with hemorrhage, necrosis, or cal-
cification were avoided. After being fully rinsed by normal
saline, the tissues were dried with sterile gauze. Then, these
were placed in sterile PV tubes, and stored in a freezer at -80
◦C. Repeated freezing and thawing was avoided.

ELISA and RTQ-PCR were adopted to detect the protein
and mRNA expression of HIF-1α in the placenta tissues in
the PA, PP and normal groups.

Detection of the protein level of HIF-1α with ELISA
All reagents were purchased from Abcam, and used ac-

cording to the instructions. Total protein was extracted from
the tissues. Then, the reagents were used tomeasure the pro-
tein concentration of the samples. According to the steps in
the instructions, the reagents were placed in 96-well plates,
and incubated at 37 ◦C for 20 minutes. Then, a microplate
reader (equipped with a quantitative analysis system) was
used to measure the light absorption value at 450 nm.

Detection of the mRNA expression level of HIF-1α with
RTQ-PCR

Trizol was used to extract the total RNA from the pla-
centa tissues. A spectrophotometer was used to measure the
light absorption values (A) at 260 nm and 280 nm. The
total RNA concentration and purity were calculated, and
the RNA integrity was determined by 1% agarose gel elec-
trophoresis. The total RNA (2 µg) was taken and reverse
transcribed into cDNA. Real-time fluorescence quantifica-
tion PCR was used for the quantitative determination. The
full-length sequence of the target gene mRNA was obtained
from GenBank. Primer and probe design software Primer
5.0 was used to design the primer sequence. After the Blast

analysis, the primer sequence revealed the necessary speci-
ficity. The present study entrusted Beijing Dingguo Chang-
sheng Biotechnology Co., Ltd. to synthesize all the primers.
β-actin: The upstream primer was 5’-ATC ATG TTT GAG
ACC TTC AAC A-3’, and the downstream primer was 5’-
CAT CTC TTG CTC GAA GTC CA-3’. HIF-1α: The up-
stream primer was 5’-TGGACACTGGTGGCT CAC TA-
3’, and the downstream primer is 5’-ATG CTA CTG CAA
TGCAATGG-3’. The RT-PCR reaction conditions and pro-
cedures in the instructionswere followed, and 2-△△CTwas
used to conduct relative quantitative analysis of the results.

Statistical analysis
All data were statistically processed using the SPSS 19.0

software package. Measurement data were expressed as
mean ± standard deviation (x ± SD). Differences among
groups were compared using one-way ANOVA. The com-
parison between two groups was performed using t-test or t’
test. Inspection level α = 0.05, and p < 0.05 demonstrated
statistical significance.

Results

Clinical data analysis of pregnant women in the three groups
The differences among patients in the PA, PP and NC

groups, in terms of age, occupation, number of cesarean
sections, and duration between the present and previous ce-
sarean sections, were not statistically significant (p > 0.05).
The hospital stay was longer, and the postoperative hem-
orrhage was significantly higher in the PA group than in the
NC group (p < 0.05). However, the differences between the
PA and PP groups and between the PP and NC groups had
no statistical significance (p > 0.05). The number of preg-
nancies, the amount of intraoperative hemorrhage, and the
duration of the cesarean section were higher in the PA group
than in the PP and normal groups (p < 0.05). However, the
differences between the PP and NC groups had no statistical
significance (p > 0.05). The differences in terms of educa-
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Table 3. — Comparison of the clinical data of newborns in the three groups (mean ± SD).

Group No. of cases Weight of newborn (g) Apgar score Placental weight (g)
PA group 10 2441.0 ± 913.7* 9.3 ± 1.3 511.0 ± 147.8*
PP group 20 2651.1 ± 644.7* 8.6 ± 2.0 577.8 ± 106.5*
Normal Group 30 3368.8 ± 528.6 8.2 ± 2.3 673.6 ± 147.3

Note: Compared with the normal group, *p < 0.05.

tion background, gestational weeks, and way of hospitaliza-
tion between the PA and PP groups and the NC group were
statistically significant (p < 0.05) (Tables 1 and 2).

Table 4. — The protein expression levels of HIF-1α in
placenta tissues in the three groups (mean ± SD).

Group No. of cases Expression level of
HIF-1α protein

PA group 10 0.388 ± 0.159*H

PP group 20 0.305 ± 0.116*
Normal group 30 0.242 ± 0.108

Note: Compared with the normal group, *p < 0.05; com-
pared with the PP group, Hp < 0.05.

Table 5. — The mRNA expression level of HIF-1α in
placenta tissues in the three groups (mean ± SD).

Group No. of cases Expression level of
HIF-1α mRNA

PA group 10 0.514 ± 0.273*H

PP group 20 0.382 ± 0.230*
Normal group 30 0.269 ± 0.191

Note: Compared with the normal group, *p < 0.05; com-
pared with the PP group, Hp < 0.05.

Clinical data analysis of newborns in the three groups
The Apgar scores of newborns in the PA, PP and NC

groups were not statistically significant (p > 0.05). The dif-
ferences in terms of placental weight, weight of the new-
born, and newborns transferred to the High Risk Observa-
tion Room, Neonatology Department, or the Neonatal In-
tensive Care Unit (NICU), between the PA and PP groups
andNC group, indicated a statistical significance (p< 0.05).
The premature birth rate in the PA group (50%, 5/10) and
PP group (45%, 9/20) were significantly higher than that in
the NC group (0%, 0/30). The differences were statistically
significant (p < 0.05). However, the difference between the
PA and PP groups had no statistical significance (p > 0.05)
(Table 3).
Analysis of the expression of HIF-1α in placenta tissues in the
three groups

The protein expression of HIF-1α was detected in the
placenta tissues in the PA, PP and NC groups. The protein
levels of HIF-1α were significantly higher in the PA and PP

Figure 1. — The protein expression levels of HIF-1α in pla-
centa tissues in the PA, PP and normal groups detected by ELISA.
***p < 0.001 (PA vs. normal group), *p < 0.05 (PP vs. normal
group), and Hp < 0.05 (PA vs. PP groups).

Figure 2. — The mRNA expression level of HIF-1α in placenta
tissues in the PA, PP and normal groups detected by qRT-PCR.
***p < 0.001 (PA vs. normal group), *p < 0.05 (PP vs. normal
group), and Hp < 0.05 (PA vs. PP groups).

groups than in the NC group (p < 0.05). Furthermore, the
protein level of HIF-1α was statistically higher in the PA
group than in the PP group (p < 0.05) (Table 4 and Figure
1).

Analysis of the mRNA levels of HIF-1α in placenta tissues in the
three groups

The mRNA expression of HIF-1α was detected in pla-
centa tissues in the PA, PP and NC groups. The mRNA lev-
els of HIF-1α were significantly higher in the PA and PP
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Table 6. — The protein and mRNA expression levels of
HIF-1α in placenta tissues collected from different sites in

the PA group (mean ± SD).

Accreta site Non-accreta site
ELISA 0.435 ± 0.190 0.341 ± 0.110
RTQ-PCR 0.564 ± 0.285 0.464 ± 0.266

Table 7. — The protein expression level of HIF-1α in
placenta tissues collected from different sites in the PP

group (mean ± SD).

Central site Marginal site
ELISA 0.294 ± 0.104 0.316 ± 0.129
RTQ-PCR 0.403 ± 0.227 0.361 ± 0.227

groups than in the NC group (p < 0.05). Furthermore, the
mRNA expression level of HIF-1α was significantly higher
in the PA group than in the PP group (p < 0.05) (Table 5 and
Figure 2).
Analysis of the expression of HIF-1α in placenta tissues collected
from different sites in the PA group

ELISA was used to detect the protein level of HIF-1α
in placenta tissues collected from the accreta sites and non-
accreta sites of PA patients. The results revealed that the
difference in protein expression level of HIF-1α in placenta
tissues collected from different sites in PA patients had no
statistical significance (p > 0.05). The qRT-PCR was used
to detect the mRNA expression level of HIF-1α in placenta
tissues collected from the accreta sites and non-accreta sites
in PA patients. The results reveald that the difference in the
mRNA expression of HIF-1α in placenta tissues collected
from different sites had no statistical significance (p > 0.05)
(Table 6 and Figure 3).
Analysis of the expression of HIF-1α in placenta tissues collected
from different sites in the PP group

ELISA was used to detect the protein expression level of
HIF-1α in placenta tissues collected from the central site and
marginal site in PP patients. The results revealed that the dif-
ference in the protein expression of HIF-1α in placenta tis-
sues collected from different sites was not statistically sig-
nificant (p > 0.05). The qRT-PCR was used to detect the
mRNA level of HIF-1α in placenta tissues collected from
the central and marginal sites in PP patients. The results re-
vealed that there was no difference in the mRNA expression
of HIF-1α in placenta tissues collected from different sites
in the PP group (p > 0.05) (Table 7 and Figure 4).

Discussion

With the advance in surgical techniques, such as cesarean
section and abortion, the morbidity of MAP has dramati-
cally increased. This affects maternal and child health and,
to some extent, even endangers the safety of mothers and
infants.

Studies have revealed that the morbidity of PA rose from

0.8‰ (10/12, 890) between 2004 and 2010 to 1.5‰ (9/5,
948) between 2010 and 2014. Furthermore, the rate of hys-
terectomy caused by PA drastically increased from 20.0%
(2/10) to 77.8% (7/9) [2]. Ahmed et al. [3] reported that
1.3% (52/3841) of pregnant women with delivery in the
hospital in 2014 had PP. Those who had both PP and PA
accounted for 26.4% (14/52), in which 15.1% received a
hysterectomy, while 3.8% had consequent intestinal injury,
13.2% a bladder injury, 13.2% had stillbirth, and 20% of the
newborns were transferred to the NICU. The presence of PA
can cause adverse pregnancy outcomes, while increasing the
hospital stay and economic burden [4].

The results of the present study also revealed that the
number of pregnancies, hospitalization costs, hospital stay,
intraoperative hemorrhage, postoperative hemorrhage, and
duration of operations were significantly higher in the PA
group than in the PP or NC groups. In addition, among the
10 patients with PA, one case (10%) received a hysterec-
tomy, while 80% (8/10) of the pregnant women stayed in
the intensive care unit (ICU). Furthermore, half (5/10) of the
newborns were premature, 50% (5/10) of the newborns were
transferred to the High Risk Observation Room, and almost
a third (3/10) of the newborns were admitted to the Neona-
tology Department. Among the 20 patients with PP, 70%
(14/20) of the pregnant women were admitted to the ICU,
45% (9/20) of the newborns were premature, 60% (12/20)
of the newborns were transferred to the High Risk Observa-
tion Room, and 30% (6/20) of the newborns were admitted
to the NeonatologyDepartment. It can be observed that both
PA and PP are serious complications in the late trimester of
pregnancy, and that these are closely correlated to adverse
pregnancy outcomes.

Morbidly adherent placenta severely threatens the safety
of mothers and infants. However, there are few studies on
its etiology and pathogenesis. At present, most studies hold
that PA is due to a decidual defect, the excessive invasion
of trophocytes, and abnormal blood vessel remodeling. The
present study indicated that the protein and mRNA levels
of HIF-1α in both the PA and PP groups were significantly
higher than those in the NC group. Furthermore, the pro-
tein and mRNA expression of HIF-1α was higher in the PA
group than in the PP group. It was speculated that the in-
crease in HIF-1α expression leads to the increase in MAP.
These decidual defects may cause the increase in HIF-1α
expression, enhance the invasion by trophocytes, and affect
vascular remodeling.

HIF-1α and decidual defects
HIF-1 is a transcription factor found in nuclear extracts

under oxygen deficit conditions. Under hypoxic conditions,
its expression changes along with the changes in intracellu-
lar oxygen concentration. In order to adapt to the hypoxic
environment, the target genes of HIF-1α varies in different
tissues. Under hypoxic conditions, HIF-1α becomes sta-
ble, interacts with a coactivator, such as cAMP/p300, and
connects with the HIF-1 binding site (hypoxia response ele-
ment) on the promoter or enhancer element of genes related
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Figure 3. — The protein and mRNA expression of HIF-1α in pla-
centa tissues collected from the accreta and non-accreta sites in PA
patients detected by ELISA and qRT-PCR, showing no significant
differences (p > 0.05).

Figure 4. — The protein and mRNA expression of HIF-1α in pla-
centa tissues collected from the central site and marginal site in PP
patients detected by ELISA and qRT-PCR, showing no significant
differences (p > 0.05).

to hypoxia adaption, such as vascular endothelial growth
factor (VEGF), in order to form transcription initiation com-
plexes, promote genetic transcription, and give full play
to its biological activity. Through the increase in VEGF
expression or the decrease in stromal cell-derived factor 1
(SDF-1) expression, HIF-1α participates in ESC decidual-
ization in a low-oxygen environment. HIF-1α is the most
critical factor for hypoxia response [5]. Tsuzuki et al. [6]
cultured endometrial stromal cells in vitro, andmeasured the
expression of HIF-1α and VEGF. They found that HIF-1α
may affect the angiogenesis of the endometrium under hy-
poxic conditions.

Thurn et al. [7] reported that the morbidity of PA patients
after cesarean section is nearly seven times higher than for
those without a history of cesarean section. The morbid-
ity of PA after three or more cesarean sections rose by 56
times. Multiple intrauterine operations may cause damage
to the fundus of the endometrium and endometrial infec-
tion, leading to damage of epithelial cell regeneration and
angiogenesis, followed by difficulty in endometrial repair.

Endometrial repair is associated with the increase in VEGF
expression, which is affected by HIF-1α. Hence, HIF-1α is
involved in endometrial repair and regeneration [8]. Dur-
ing the subsequent pregnancy, the defect or lack of devel-
opment of the endometrium with scarring may lead to a de-
fect or maldevelopment of the decidua of the basal layer,
the decrease in local oxygen pressure in placenta tissues,
the promotion of HIF-1α expression, the enhancement of
trophoblast invasion into the muscular layer that can even
penetrate through the muscular wall, and the formation of
PA. The present study revealed the increase in HIF-1α ex-
pression in placenta tissues in the PA and PP groups, indi-
cating that the decidual defect can affect the regulation of
HIF-1α expression. Furthermore, overexpression of HIF-
1αmay participate inMAP by affecting the decidualization.
HIF-1α and trophoblast invasion

A large number of studies at home and abroad have im-
plied that there is an overexpression of HIF-1α in various tu-
mor tissues, such as liver cancer, breast cancer, cervical can-
cer, thymic cancer and renal cancer, and that this has a vital
role in maintaining the energy metabolism of cancer cells,
neovascularization and metastasis. In the hypoxic microen-
vironment of tumor tissues, HIF-1α can regulate angiogen-
esis, cell proliferation and survival, and cell metabolism
by promoting the expression of VEGF, IGF, TGF and gly-
colytic pathway-related enzymes, and play a key role in the
genesis and development of tumors. The trophoblast cells
in PA have a similar molecular mechanism to that of tumor
cells during infiltration and invasion.

One crucial mechanism for hypoxia to participate in the
invasion and metastasis of malignant tumors is the regula-
tion of the epithelial-mesenchymal transition (EMT) of tu-
mor cells. Through EMT, epithelial cells change their po-
larity, lose the phenotype connected with the basal mem-
brane, and transform into the mesenchymal phenotype with
highmigration and invasion, and abilities of resistance to the
apoptosis and degradation of the extracellular matrix. HIF-
1α is an important factor for hypoxia-induced EMT, and PA
trophoblast invasion is associated with EMT. The adhesion
molecule E-CAD plays a significant role in maintaining cell
stability, intercellular adhesion, and the regulation of polar-
ity. The decrease in E-CAD expression can lead to an in-
crease in abnormal cell adhesion and cell invasion [9]. Un-
der continuous hypoxia, the mRNA and protein expression
of E-CAD significantly decreases [10]. The EMT is also
regulated by the VEGF expression [11], and VEGF is the
target gene of HIF-1α. In the present study, the overexpres-
sion of HIF-1α in placenta tissues played a role in the PA
and PP groups. Therefore, the overexpression of HIF-1α
regulates EMT by mediating E-CAD, VEGF, and its recep-
tors, further facilitating the invasion or proliferation of tro-
phoblast cells, and participating in PA.
HIF-1α and vascular remodeling

PP along with PA are associated with the overexpression
of VEGF, placenta growth factor (PIGF), and their recep-
tors [12]. VEGF, PIGF and the receptors are important cy-



570 J.Y. Yan, P.P. Chen, L.L. Jiang, H.L. Zhang, Q. Han, R.X. Chen, Q.J. Zhang

tokines for placental vascularization. All these factors are
target genes of HIF-1α. There are no differences in terms of
the expression of sFlt1, PIGF, sFlt1/PIGF ratio, and VEGF
in plasma, between patients with PP and patients without
abnormal placenta adherence [13]. The present study re-
vealed the protein and mRNA overexpression of HIF-1α
in placenta tissues obtained from PA and PP patients. In a
study on preeclampsia, Maebayashi et al. [14] reported that
the protein and mRNA expression of HIF-1α is negatively
correlated with soluble fins-like tyrosine kinase receptor-1
(sFlt-1), but is positively correlated with PIGF. Trophoblast
infiltration and abnormal vascular remodeling are involved
in the pathogenesis of pre-eclampsia. Their study further ex-
plained that PA is associated with abnormal vascular remod-
eling. By comparing the expression level of sFlt-1 in pla-
centa tissues in normal pregnancy, PA and PP, McMahon et
al. [15] found that the PA group had a low sFlt-1 expression,
which is correlated with the depth of invasion. Soluble fins-
like tyrosine kinase receptor-1 is an antagonist of VEGF.
After sFlt-1 binds to VEGF and PIGF, the signals of VEGF
and PIGF cannot be transmitted into cells. Hence, VEGF
and PIGF cannot exert their physiological functions. Solu-
ble fins-like tyrosine kinase receptor-1 also has a strong anti-
angiogenic effect. Therefore, the overexpression of HIF-1α
may lead to vascular remodeling abnormalities through the
upregulation of VEGF and PIGF, or the downregulation of
sFlt-1, followed by the onset of PA.

Decidual defects lead to a hypoxic environment for pla-
centa tissues, and promote the overexpression of HIF-1α.
By mediating EMT and VEGF, HIF-1α can enhance the
trophocyte invasion, leading to abnormal vascular remod-
eling, and drive the genesis and development of PA. The oc-
currence ofMAP is complicated. At present, the pathophys-
iological mechanism of MAP is not yet fully understood.
The specific role of HIF-1α in the genesis and development
of MAP requires further studies.
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