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ABSTRACT

Obijective: To explore the mRNA expression of the related genes of p53, MDM2, vascular endothelial growth factor
(VEGF) and hypoxia inducible transcription factors-1 a (HIF-1a) in villous samples of spontaneous abortion mouse
models and normal pregnancy models, and to discuss the effect of p53, MDM2 on the growth of villous trophoblast
cells. Methods: The abortion-prone CBAXDBA/2 matings were established as the model of spontaneous abortion and
the non-abortion-prone CBAXBALB/c matings as the model of normal pregnancy. Applied g Real-time PCR method to
detect the mRNA expression levels of p53, MDM2, VEGF and HIF-la in villous samples of spontaneous abortion
mouse models and normal pregnancy models. Results: The relationship of the mRNA expression level of p53, MDM2,
VEGF and HIF-la in vinous samples of spontaneous abortion mouse models: in the villous samples of spontaneous
abortion mouse models, the expression of p53 was positively correlated with the expression of MDM2, HIF-la (r = 0.35;
r = 0.63), and the relationship was significant (P = 0.01; P < 0.001); but negatively correlated to the expression of
VEGF (r = —0.30), and the relationship was significant (P = 0.03). The expression of MDM2 was positively correlated
with the expression of HIF-la (r = 0.28), and the relationship was significant (P = 0.04); and negatively correlated with
the expression of VEGF (r = —0.08), but the relationship was not significant (P = 0.57). The expression of HIF-la was
negatively correlated with the expression of VEGF (r = —0.37), and the relationship was significant (P = 0.007). The
relationship of the mMRNA expression level of p53, MDM2, VEGF and HIF-1 a in vinous samples of normal pregnancy
models: in the vinous samples of normal pregnancy models, the expression of p53 was positively correlated with the
expression of MDM2, VEGF and HIF-la (r = 0. 31; r = 0. 48; r = 0. 67), and the relationship was significant (P = 0.03; P
= 0.003; P < 0.001). The expression of MDM2 was positively correlated with the expression of VEGF (r = 0. 23), but
the relationship was not significant (P = 0.11); and negatively correlated with the expression of HIF-la (r = —0.03), but
the relationship was not significant (P = 0.84). The expression of HIF-la was positively correlated with the expression
of VEGF (r = 0. 35), and the relationship was significant (P = 0.01). Conclusion: angiogenesis reduces in villous sam-
ples of spontaneous abortion mouse model, P53 and MDM2 involve in angiogenesis in villous samples, unlikely p53,
and MDMZ2 have effects on normal early pregnancy villous angiogenesis and when the cell DNA damages or hypoxia
exacerbates, it can induce high expression of p53, MDM2, inhibit angiogenesis in villous samples in early pregnancy.
P53, MDM2 generegulate villous trophoblast cell growth by adjusting expression of HIF-1a and VEGF gene, finally
influences pregnancy.
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1. Introduction

Spontaneous abortion is one of the common obstetric
pathological pregnancies, its etiology is complex. In ad-
dition to anatomy, endocrine, infection, chromosome, ge-
netic factors, of which 40% - 80% unexplained sponta-
neous abortion may be associated with immune factors.
Although studies have confirmed the occurrence of spon-
taneous abortion may be associated with excessive cell
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apoptosis, at present its specific regulation mechanism
lack systematic and thorough research. The related genes
of p53, MDMZ2 play an important role in regulating apop-
tosis, occurrence mechanism of spontaneous abortion.
The spontaneous abortion mouse models were chosen for
the study. We applied g Real-time PCR method to detect
genes expression levels in villous samples of spontane-
ous abortion mouse models and normal pregnancy mod-
els, discussed the effect of p53, MDM2 on pregnancy,
studied the mechanism of spontaneous abortion.
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2. Material and Method

1) Experiment animals and reagent

Female CBA/J, male DBA/2, BALB/C three mouse,
clean 8 - 10 weeks of age, were bought in Shanghai
Science Development Company.p53, MDM 2 Specific
primer, p53, MDM2 VEGF and HIF-1a antibody, DNA
color-developing agent all related reagents were purchased
at Nanjing University.

2) Model preparation and grouping

Establish a mouse model, the abortion-prone CBAXD-
BA/2 were established as the model of spontaneous abor-
tion and the non-abortion-prone CBAXBALB/c prone as
the model of normal pregnancy, and detected Vaginal
suppository as pregnancy 0 d.

3) Specimen handling

At the 13th day, two groups of pregnant mouse models
were put to death. We collected a partial villous samples
(samples came from the normal survival embryonic) and
stored them at —70°C. Another small part fixed with 4%
formalin in room temperature was immobilized for 24
hours. Serial sections, the thickness about 4 pum, put in
the 60 degrees oven, dried after 72 h for backup.

4) Applied q Real-time PCR method to detect the mRNA
expression levels of p53, MDM2, VEGF and HIF-la in
villous samples of spontaneous abortion mouse models
and normal pregnancy models

Did strictly as agent instructions said. Reaction proce-
dure: pre degenerated at 95°C for 10 min, degenerated at
95°C for 15 sec. Annealed at 58°C for 20 sec (p53,
MDM2, HIF-1a), Annealed at 61°C for 20 sec (VEGF),
extended at 72°C for 10 sec, circulated a total of 45 times,
at each end of circulation amplification detected fluores-
cence signal. Subsequently doing melting curve analysis,
a slow heating procedure: from 6°C up to 95°C at rate of
0.1°C/sec, then cooled down to 40°C, at the same time,
continuously monitored fluorescence signal changing, in
the progress of double chain degenerating gradually,
drew melting curve of products, in order to understand
the specificity of sample amplification, made sure mea-
surement results were precise and reliable. After the reac-
tion was finished, the computer according to amplifica-
tion of the quantitative standard template automatically
drew standard curve. According to the respective stan-
dard curve, the software automatically calculated accurate
content of the sample to be tested in the gene or house-
keeping gene.

3. Statistical Methods

Used SPSS12.0 statistical software to analyze data, Spear-
man rank relation coefficient to analyze the relationship
of the mRNA expression level of p53, MDM2, VEGF
and HIF-la in vinous samples. +SD was used as measure-
ment data, applied variance homogeneity test and single
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factor variance analysis to compare measurement data
group mean. The two groups of measurement data were
compared by student T-test. The two each other in many
groups were compared with SNK-q test. Counted data
using x 2 test. P < 0.05 was considered obviously differ-
ent.

4. Results

The relationship of the mRNA expression level of p53,
MDM2, VEGF and HIF-la in vinous samples of sponta-
neous abortion mouse models were shown in Table 1.
The study found the relationship of the mRNA expres-
sion level of p53, MDM2, VEGF and HIF-la in vinous
samples of spontaneous abortion mouse models: in the
villous samples of spontaneous abortion mouse models,
the expression of p53 was positively correlated with the
expression of MDM2, HIF-la (r = 0.35; r = 0.63), and the
relationship was significant (P = 0.01; P < 0.001); but
negatively correlated to the expression of VEGF (r =
—0.30), and the relationship was significant (P = 0.03).
The expression of MDM2 was positively correlated with
the expression of HIF-la (r = 0.28), and the relationship
was significant (P = 0.04); and negatively correlated with
the expression of VEGF (r = —0.08), but the relationship
was not significant (P = 0.57). The expression of HIF-la
was negatively correlated with the expression of VEGF
(r = —-0.37), and the relationship was significant (P =
0.007). Therefore, in the vinous samples of spontaneous
abortion mouse models the increased expression of p53,
MDM2 and HIF-la could make expression of VEGF de-
crease.

The relationship of the mRNA expression level of p53,
MDM2, VEGF and HIF-1 a in vinous samples of normal
pregnancy models were shown in Table 2: in the vinous
samples of normal pregnancy models, the expression of
p53 was positively correlated with the expression of
MDM2, VEGF and HIF-la (r = 0. 31; r= 0. 48; r = 0. 67),
and the relationship was significant (P = 0.03; P = 0.003;
P <0.001).

The expression of MDM2 was positively correlated
with the expression of VEGF (r = 0. 23), but the rela-
tionship was not significant (P = 0.11); and negatively
correlated with the expression of HIF-la (r = —0.03), but
the relationship was not significant (P = 0.84). The ex-

Table 1. The relationship of the mRNA expression level of
p53, MDM2, VEGF anp HIF-la in vinous samples of spon-
taneous abortion mouse models.

P53 MDM2 VEGF HIF-1A
TABLE HEAD
P or P r P r P
P53 1.00 0.35 0.01 —0.30 0.03 0.63 <0.001
MDM2 - - 100 -0.08 057 028 0.04
VEGF - - - - 1.00 - -037 0.07
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Table 2. The relationship of the mMRNA expression level of
p53, MDM2, VEGF and HIF-1a in vinous samples of nor-
mal pregnancy models.

P53 MDM2 VEGF HIF-1A
TABLE HEAD

r P r P r P r P

P53 1.00 0.31 003 048 0.003 067 <0.001

MDM2 - - 100 - 023 011 -003 084

VEGF - - - - 100 - 035 001

pression of HIF-la was positively correlated with the
expression of VEGF (r = 0. 35), and the relationship was
significant (P = 0.01). Therefore, in vinous samples of
normal pregnancy models, the increased expression of
p53, MDM2 and HIF-la could make expression of VEGF
increase, too.

5. Discussion

Apoptosis is a process of regulating body growth, main-
taining homeostasis, actively removing damaged and non-
required cells controlled by genes. The imbalanced ex-
pression of related genes about cell apoptosis probably
leading to various pathological pregnancy is one of the
important reasons, placenta is the important position di-
rectly connecting the maternal and infant in vivo, it’s
normal development is crucial to maintain normal preg-
nancy, in order to better adapt to the needs of the fetus,
placenta reconstructs tissue by villous apoptosis and pro-
liferation. There exists trophoblastic cells apoptosis to
some degree in normal pregnancy, in the process of emb-
ryo development, moderate apoptosis facilitates villous
blood lumen formation and the development of villus in
early pregnancy [1-3]. The progress of embryo develop-
ment and placenta germination is in a relatively hypoxic
environment. In the early pregnancy (first 12 weeks of
pregnancy), trophoblastic cells adapting to hypoxia en-
vironment is the key to successful pregnancy.

In the progress of pregnancy, with the level of oxygen
changing, angiogenesis of placenta trophoblastic vascular
network will change, too [4]. Trophoblastic cells come
from embryonic trophectoderm, they play an important
role in process of embryo implantation, its proliferation,
functional disorders are closely correlated with occurrence
and development of multiple pregnancy diseases. Suc-
cessful pregnancy depends on right fetal placenta vascu-
lar development in trophic layer, only in this way can the
oxygen and nutrients translate from the gap of trophob-
lastic cells to the fetus [5]. In early embryo development,
angiogenesis is the most basic condition of embryo im-
plantation and development of uterine endometriumt, an-
giogenesis requires multiple factors interaction, including
a variety of hormones, growth factors, soluble extracel-
lular matrix molecules [6]. VEGF is one of the most im-
portant angiogenesis regulation factors [7], the normal
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expression of VEGF is an important factor to maintain
pregnancy. The decreased expression of VEGF may be a
danger signal about abortion, its implantation is a com-
plex, ambiguous process, VEGF has a crucial role in the
process of blastocyst implantation and placenta growth
and development [8] VEGF is a highly conserved glyco-
protein, composed of two identical subunits (Mr23,000)
cross-linking together with disulfide, the molecular weight
is between 34,000 - 45,000, Isoelectric point 8.5. VEGF
has four different variants, the gene is located on the
sixth chromosome long arm, including the alternative
splicing 8 exons and 7 introns, the biological activity of
the four VEGF is similar, in human cells, the amino acid
residues are 121, 165, 189 and 206. The variants about
121, 165 of amino acid residues are easy to arrive the
target cell, pregnancy is inseparable from the rich blood
supply from implantation to placenta formation, then to
delivery, and is inseparable from the angiogenesis, per-
meability changing. When the fertilized egg implantation,
blastocyst is not closed with maternal blood, human
blastocyst development is in a relatively hypoxic state, so
hypoxia can make VEGF activity increased [9], VEGF
can promote angiogenesis, thereby improving blood flow,
increasing supply of oxygen in hypoxia tissue [10]. Shi-
raish [11] uses immunological technique to discover
VEGF expression of syncytiotrophoblast and extravillous
trophoblast cells during the pregnancy process, and VEGF
also expresses in villous stromal and decidual cells. The
expression of VEGF is not balanced in early pregnancy
in syncytiotrophoblast cells, at near vascular buds the
concentration is higher, morphological analysis shows
masculine expression area of VEGF is villous blood ves-
sel formation region, explaining placenta trophoblasts ge-
nerating VEGF to promote the development of placenta
vascular network. Use immunohistochemical method to
find the VEGF expression decreases in trophoblastic cell
in patients with missed abortion. Vuorela [12] uses im-
munohistochemical method to find the VEGF expression
decreases in trophoblastic cells in patients with missed
abortion.

Fertilized ovum from implantation to delivery, oxygen
concentration of placenta is changing. Human placenta
development is divided into two stages, early stages of
pregnancy (first 3 months of pregnancy), is placenta for-
mation stage, the oxygen concentration of placenta site is
low. When embryo inserts endometria, oxygen concen-
tration is only 10 - 15 mmHg, embryo relies on the secre-
tion of uterine gland to provide nutrients, increased flow
of uterine placenta blood is closely related to the changes
of trophoblast penetrating endometrium and uterine spir-
al artery. First 12 weeks of pregnancy, the villous space
bending and uterine spiral artery diameter being relative-
ly narrow, limit blood flowing into the villous space, the
site of placenta implantation is a low oxygen concentra-
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tion. After 12 weeks of pregnancy, trophoblastic cell im-
merse into uterine spiral artery, remodel the vascular lay-
er, make narrow artery expanded, placenta blood flow
increased, corresponding placenta site oxygen concentra-
tions also increased [13]. Therefore, early trophoblast de-
velopment is in hypoxia environment, hypoxia has effect
on trophoblast immersion.

At present people have reached an agreement, placenta
trophoblast angiogenesis is strictly regulated by the oxy-
gen concentration. Hypoxia may lead to hypoxic cell
stressed, performing for the role of hypoxia in cells has
effect on oxygen sensors, initiates intracellular signal
transduction pathways, activate as a transcription HIF-1 a,
increased HIF-I a expression [14].

HIF-1 is a major hypoxia-inducible transcription factor,
with one a subunit and one B subunit, HIF-1a is an ad-
justable function unit, regulated by the oxygen concen-
tration, in recent years, studies have shown that HIF-1a
under certain condition has effects on apoptosis. Under
hypoxia state, HIF-1 makes higher expression of P53 and
inducts p21 synthesis. Suppress activity of cell cycle de-
pendent kinase, makes cells stay in the G1 period, pro-
motes cell apoptosis, HIF-1 as the organism regulation
factor under hypoxic conditions, mediates hypoxia-in-
duced apoptosis, hypoxia can increase the wild-type em-
bryonic stem cell (ES, HIF-1a) apoptosis, but can not
promote embryonic stem cells (ES, HIF-15) of gene de-
letion apoptosis, they incubated tumor derived from em-
bryonic stem cell, also showed that HIF-1a genotype
tumor apoptosis less than HIF-14 genotype hypoxic in-
ducing apoptosis is mediated by HIF-1. Moritz also found
early cell apoptosis is related to high expression of HIF-
1 when pancreas transplantation is for type | diabetes.

VEGF is the major transcription factor of HIF-1a.
Under anoxic state, the high expression of HIF-la can
induce higher expression of VEGF, but the too high ex-
pression of HIF-la could inhibit angiogenesis [14]. HIF-
la induces apoptosis in hypoxia lying in p53 protein
through combining the oxygen degradation domain, ODD
and HIF-1 a, compound formation, enhance the stability
of p53. The p53 protein is a short-lived protein, the intra-
cellular concentration is strictly regulated by the negative
accommodation factor mouse double minute gene 2
(MDM2) gene [15-17]. MDM2 is an important intracel-
lular regulating p53 concentration and its activity, as p53
important activity molecules to involved in cell growth
inhibition, apoptosis, regulation of cell cycle process.
The expression of wild type P53 protein can stimulate
high expression of MDMZ2 protein. Based on the p53 and
MDM2 negative feedback loop, study found increased
MDM2 protein can inhibit p53 protein function, thus in-
creasing the negative feedback loop function. Factors
that can affect the p53, MDM2 or P53-MDM2 interac-
tion have an important effect on for cell fate (apoptosis,
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cell cycle arrest, etc.) [18]. The changing of MDM2 gene
promoter sequence change can alter the expression of
MDM?2 protein. The expression of MDM2 protein im-
proves, make p53 reduce stability, therefore change the
apoptotic reaction of p53 mediating on DNA damage.
[17,19].

If MDM2 identifies target p53, meanwhile combines
with HIF-1a subunit, it can mediate HIF-1 a degradation,
thereby affecting the expression of VEGF. Our study
found, the expression of p53, MDM2 and HIF-1 are
higher in villous samples of spontaneous abortion mouse
models than normal pregnancy models, however the ex-
pression of VEGF is lower in villous samples of sponta-
neous abortion mouse models than normal pregnancy
models. We hypothesized that in the progress of normal
early villous samples development, Chorionic villus in is
the hypoxic microenvironment, hypoxia makes the ex-
pression of HIF-la gene higher, leading to the lower ex-
pression of VEGF, thus prompting villus angiogenesis,
ensuring the success of early pregnancy. However in the
progress of spontaneous abortion, Chorionic villus cells
suffer a more severe hypoxia and DNA damage, make
higher expression of p53, make higher expression of
MDM2 by the positive feedback regulation, and hypoxia
can cause expression of HIF-la increased further, but
MDM2 distinguishes target p53, meanwhile combines
HIF-1 a subunit, instead mediates HIF-1 a degradation,
making the expression of VEGF lower and angiogenesis
decreased, at the same time making cell cycle arrested,
apoptosis increased, eventually leading to the occurrence
of spontaneous abortion. Therefore, based on the study of
chorionic, we hypothesized that the p53, MDM2 gene
plays a role in regulating during early pregnancy villous
samples development, finally influencing the pregnancy.
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