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Abstract. The present study was conducted to investigate the 
prevalence of multifocal infarcts and multifocal villous clumps, 
as well as the expression of α‑smooth muscle actin (α‑SMA) in 
the basal plate of the placenta. Multifocal infarcts and/or multi-
focal villous clumps were more frequently observed in early 
onset severe preeclampsia (EOSPE; n=20) compared with the 
early control (n=18), late onset severe preeclampsia (LOSPE; 
n=20) and late control (n=20) groups. Infarct in transitional 
and late stages was significantly more frequent compared 
with that in the early stage in EOSPE. In LOSPE, the infarct 
in the early stage was significantly increased compared with 
transitional and late stages. The expression of α‑SMA mRNA 
and protein was determined by RT‑PCR and western blotting, 
respectively, and increased progressively in late, transitional 
and early infarct, and positively correlated with the number 
of smooth muscle cells of villous vessels and myofibroblasts 
of villous stroma studied by immunohistochemistry. These 
results indicated that multifocal infarct and multifocal villous 
clumps may affect the blood flow through the basal plate, not 
only by directly blocking vessels, but also by indirectly making 
the vessels extruded by contraction of cells stained by α‑SMA. 
In addition, foci in the early stage may be more important in 
affecting the contractility of the placental basal plate.

Introduction

Preeclampsia (PE) is a severe medical syndrome affecting 
pregnant females. PE is characterized by new onset hyperten-

sion and proteinuria following 20 weeks of pregnancy, and 
threatens maternal and child health, as well as survival (1). The 
condition is subclassified into early and late onset according 
to standards previously outlined by von Dadelszen et al (2). 
However, the pathogenesis of PE is unclear. Previously, a 
number of studies have focused on the pathological changes 
involved in PE, including infarct, fibrosis, arteriosclerosis and 
decidual arterioles of the basal plate of the placenta, that affect 
perfusion (3‑5). However, these changes are not marked in the 
basal plate of specific severe PE (SPE) patients, particularly in 
the placenta of late onset SPE (LOSPE) and the SPE accompa-
nied by diabetes mellitus and multiple pregnancies (6).

The basal plate of the placenta is an important region which 
controls nutrient‑rich and oxygen‑rich maternal blood flowing 
into the intervillous space. It also regulates metabolic products 
and carbon dioxide‑rich fetal blood which flows from the inter-
villous space into the maternal circulation (7). Pathological 
changes, including fibrosis, arteriosclerosis and decidual 
arterioles, may cause the obstruction of the vessels in the 
basal plate resulting in metabolic accumulation and placental 
underperfusion, which may induce hypoxia, oxidative stress 
and inflammation of the placenta (8). These changes may also 
lead to maternal vascular endothelial dysfunction and clinical 
manifestations, such as hypertension and proteinuria (1).

It is well‑known that extravillous trophoblasts (EVTs) 
invade into the spiral arteries of the decidua and superficial 
myometrium to establish flaccid low‑resistance arteries during 
pregnancy (9). If the EVTs fail to remold the spiral arteries 
in the decidua and superficial myometrium, the resistance of 
vessels in the basal plate may increase and cause the pathogen-
esis of SPE (10). Previous studies on the pathological changes 
of the placenta have also revealed that increased contraction 
components exist in the regions of EVT shallow implantation 
in the placental bed (11,12). α‑smooth muscle actin (α‑SMA) 
is a component of microfilaments and contributes to the cyto-
skeleton in specific contractile cells, including smooth muscle 
cells (SMCs) and myofibroblasts of the villous stroma in the 
basal plate (13).

To date, it has been hypothesized that specific anchoring 
villi contain SMCs and villous stromal cells but not free EVTs 
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in the normomorph (normal structure) basal plate. In addition, 
it has been reported that specific anchoring villi are involved 
in infarct foci and/or other regions, which may contain cells 
with contractile function  (9,10). Hence, we hypothesized 
that expression of α‑SMA may be increased in an elevated 
number of potentially contractile cells in the basal plate with 
pathological changes, inducing the pathogenic process of 
SPE. However, few studies have analyzed these pathological 
changes in the non‑infarct area of the villous clump. Therefore, 
the present study was designed to explore the expression 
profile of α‑SMA in the foci of infarcts and villous clumps in 
the basal plate to determine the correlation between α‑SMA 
and SPE. An additional aim was to identify the main placental 
pathological changes of patients with LOSPE.

Materials and methods

Samples collection. This study was approved by the ethics 
committee of Jilin University Bethune Second Hospital and 
all subjects provided written informed consent. Females with 
normal or preeclamptic pregnancies were defined according 
to criteria previously outlined by Zhao et al (14). A total of 78 
placentas (38 from normal and 40 from preeclampsia) were 
used in this study. The patient demographic data are summa-
rized in Table I.

Tissues explants. Tissues from the basal plate were selected 
with infarct, villous clumps and normomorph. Infarct samples 
represented three periods: early (purplish and soft), transi-
tional (yellow and stiff) and late (white and stiff) infarct (15). 
Villous clump is tissue that is a little thicker and whiter than 
normomorph. All the tissues were collected within 5 min after 
the placenta was delivered. One section was stored at ‑80˚C 
to prepare for the extraction of mRNA and protein, and the 
other was fixed in 4% formaldehyde to prepare the sample for 
immunohistochemistry.

Immunohistochemistry. Placental tissues were fixed in 4% 
formaldehyde and then embedded into paraffin blocks. After 
deparaffinizing in xylene and dehydrating in a gradient 
ethanol, the 2.5‑µm thick sections were heated for 20 min 
in the microwave to repair antigens. Next, 3% hydrogen 
peroxide was used to quench the activity of endogenous 
peroxidase at room temperature for 10 min. The slides were 
incubated with α‑SMA monoclonal antibody obtained from 
mouse (1:200; Zhongshan Golden Bridge Biotechnology 
Co., Ltd, Beijing, China) for 60 min at 37˚C in a humidified 
chamber. Poly‑HRP anti‑mouse/rabbit IgG (PV‑9000 2‑step 
plus, Zhongshan Golden Bridge Biotechnology Co., Ltd) 
was added to the slides for 50 min at 37˚C in a humidified 
chamber. Diaminobenzidine kit (Zhongshan Golden Bridge 
Biotechnology Co., Ltd) was used to detect α‑SMA staining 
in the basal plate. Following counterstaining by hematoxylin, 
redehydrating by graded ethanol and vitrification by dimeth-
ylbenzene, the slides were mounted in neutral balsam. The 
primary antibody was replaced by PBS for α‑SMA‑negative 
control. The vessels in the placental parenchyma were used 
for a positive control. The slides were assessed by light 
microscope (Bx51; Olympus Corporation, Japan) by two inde-
pendent pathologists. The brown cytoplasm and membrane 

of SMCs and stromal cells stained by α‑SMA antibody were 
analyzed positively.

RNA preparation and semi‑quantitative RT‑PCR. Total 
RNA was extracted from the samples by TRIzol extraction 
(Invitrogen Life Technologies, Carlsbad, CA, USA). RNA 
concentration and purity was determined by absorbance at 
260 and 280 nm (OD260/280, >1.8 and <2.1) using a spectropho-
tometer (NanoDrop 2000; NanoDrop products, Wilmington, 
DE, USA). RT‑PCR (BioRT Two Step RT‑PCR, China) was 
performed by converting 1  µg RNA into cDNA. Reverse 
transcription was performed according to the manufacturer's 
instructions. The reaction system of cDNA systhesis had 
a total volume of 10 µl, consisting of 5X RT buffer, dNTP 
mixture (10 mM), oligo‑dT, RNase‑inhibitor, AMV reverse 
transcriptase, RNA sample and RNase free H2O. The total 
PCR volume was 25 µl, containing: 10X PCR buffer, dNTP 
mixture (10 mM), primer, Taq mix DNA polymerase, cDNA 
and double distilled H2O. The amplification of nucleic acids 
was performed using 30 cycles of denaturation at 94˚C for 
30 sec, annealing at 58˚C for 30 sec, extension at 72˚C for 1 min 
and re‑extension at 72˚C for 5 min. The primers for α‑SMA 
were (forward) 5'‑GCGTGGCTATTCCTTCGTTAC‑3' and 
(reverse) 5'‑CATAGTGGTGCCCCCTGATAG‑3', ampli-
fied to a 331‑bp fragment. The housekeeping gene, GAPDH, 
served as an internal control. The primers for GAPDH were 
(forward) 5'‑GAAGGTGAAGGTCGGAGT‑3' and (reverse) 
5'‑GAAGATGGTGATGGGATTTC‑3', amplified to a 226‑bp 
fragment. Primers were designed by Primer software and 
synthesized by Sangon (Shanghai, China). PCR products were 
subjected to gel electrophoresis in 1.5% agarose (Invitrogen 
Life Technologies) followed by staining using bromophenol 
and were detected by MultiImage Light Cabinet filter positions 
(Alpha Innotech, San Leandro, CA, USA) and analyzed by 
Image J software.

Protein isolation and western blotting. Basal plate tissues 
were homogenized in lysis buffer [50 mM Tris‑HCl (pH 8.0), 
150 mM NaCl, 1% Triton‑X100, 0.5% NaDC, 1% NP‑40 and 
1% SDS] on ice and were centrifuged at 9,180 x g for 8 min 
at 40˚C. Western blotting was performed as described previ-
ously  (16,17). Membranes were immunoblotted by mouse 
monoclonal α‑SMA antibody (1:1,000; Beyotime Institute of 
Biotechnology, Shanghai, China) overnight at 4˚C. Membranes 
were then washed three times with TBS‑T and incubated 

Table I. Demographic data of patients in all groups.

			   Pregnancy
Group	 Cases, n	 Age, years	 duration, weeks

EOSPE	 20	 28.66±6.33	 28.86±3.64
LOSPE	 20	 29.05±7.01	 37.63±1.49
EC	 18	 25.00±6.89	 28.23±3.45
LC	 20	 28.20±5.75	 37.44±1.56

EOSPE, early onset severe preeclampsia; LOSPE, late onset severe 
preeclampsia; EC, early control; LC, late control.
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with peroxidase‑conjugated Affinipure goat anti‑mouse IgG 
(1:1,000; Zhongshan Golden Bridge Biotechnology Co., Ltd) 
at room temperature for 60 min. Expression of α‑SMA protein 
was detected using an enhanced chemiluminescence system 
(Millipore, Billerica, MA, USA) and was exposed on film 
(Eastman Kodak Company, Rochester, NY, USA). GAPDH 
expression was used as the control.

Statistical analysis. SPSS 17.0 software was used to analyze 
the data (SPSS, Inc., Chicago, IL, USA). The data obtained 
obey the normal distribution presented as the mean ± SD. 
One‑way ANOVA was applied and significant differences 
were observed between the groups. χ2 test was used to provide 
evidence whether the prevalence among all the groups was 
significantly different. P<0.05 was considered to indicate a 
statistically significant difference. Semiquantitative RT‑PCR 
and western blotting were performed in triplicate.

Results

Prevalence of multifocal infarct and villous clumps in all 
groups. Firstly, the prevalence of multifocal infarct and villous 
clumps in all groups was determined and results revealed that 
the prevalence of multifocal infarct was 90.00% in 20 EOSPE 
patients, 15.00% in 20 LOSPE patients, 5.56% in 18 EC patients 
and 10.00% in 20 LC patients, respectively (χ2=44.39; P<0.05). 
The prevalence of villous clumps was EOSPE >LOSPE >LC 
>EC (75.00, 60.00, 35.00 and 11.11%, respectively; χ2=18.14; 
P<0.05; Table II).

The prevalence of multifocal infarct in EOSPE was 
markedly higher than EC (P=0.000) and LOSPE (P=0.000). 
In addition, the prevalence of multifocal villous clumps was 
significantly higher in EOSPE compared with EC (P=0.000) 
and LOSPE compared with LC (P=0.003; Table II).

Localization of α‑SMA in the basal plate. It is well established 
that the placenta plays a key role in the pathogenesis of SPE. 
To understand the pathological changes in SPE placenta, 
placentas obtained from normal pregnancy and SPE females 
were compared. To examine the localization of α‑SMA in 
various regions of the basal plate, including the infarct (early, 
transitional and late infarct area), villous clumps and normal 
areas, anti‑α‑SMA immunohistochemistry was performed. 
Immunohistochemical staining results showed that α‑SMA 
was expressed in the placenta of all groups and was largely 
localized to the SMCs of villous vessels and myofibroblasts 
of the villous stroma in the basal plate. In addition, α‑SMA 
was observed in the cytomembrane and cytoplasm of these 
contractile cells under the microscope (Fig. 1).

Identification of villi in infarct and villous clumps. To charac-
terize the morphological changes in various regions of the basal 
plate, villi in infarct and villous clumps were observed. α‑SMA 
staining demonstrated that the morphology of villi varied in 
early, transitional and late infarct. Typical early infarct of the 
basal plate exhibited characteristics of collapsed intervillous 
space. Features of denaturation and necrosis of trophoblast 
cells and ghost villi were observed in the typical transitional 
infarct. Late infarct is the final stage of infarct and exhibits 
the characteristics of extensive fibrosis. The basal plate tissues 

appeared to be a little thicker and whiter than normomorph 
tissues. However, under the microscope, different numbers, 
sizes and stages of villous clumps were observed (Fig. 1).

Proportion of infarct and villous clumps of various stages 
in EOSPE and LOSPE. As stated, histological observations 
of the infarct and villous clumps usually varied based on the 
stages under the microscope, we moved forward a single step 
to make it clear that the proportion of early, transitional and 
late stage in multifocal infarct and multifocal villous clump. 
Results showed that infarct in transitional and late stages was 
markedly more frequent than that in early stage in EOSPE. In 
LOSPE, the infarct in the early stage was significantly increased 
compared with transitional and late stages (Table III). The 
area of multifocal villous clump showed the same trend with 
multifocal infarct.

Expression levels of α‑SMA in multifocal infarct. To deter-
mine the expression levels of α‑SMA in multifocal infarct and 
villous clumps, mean density of α‑SMA was determined in 
multifocal infarct in early, transitional and late stages. Results 
demonstrate that the expression levels of α‑SMA were lowest 
in the normomorph, followed by late, transitional and early 
infarct in all groups (P<0.05; Fig. 2).

Correlation between expression levels of α‑SMA and number 
of cells stained in basal plate infarcts. To investigate the 
correlation between expression levels of α‑SMA and the 
number of stained cells, integrated optical density values in 
normomorph and late, transitional and early multifocal infarct 
samples were obtained and stained cells were quantified. The 
results revealed that α‑SMA expression levels increased in 
normomorph, late, transitional and early multifocal infarct 
progressively (P<0.05), and positively correlated with the 
number of stained cells in the basal plate (r=0.48, P=0.07; 
r=0.652, P=0.000; r=0.544, P=0.002; and r=0.472, P=0.008, 
respectively; Fig. 3).

Expression of α‑SMA mRNA in basal plate infarcts. 
Immunohistochemical results demonstrated that the expression 
levels of α‑SMA were highest in early infarct, followed by tran-
sitional infarct, late infarct and normomorph. To determine the 
expression levels of α‑SMA mRNA, RT‑PCR was performed. 
Results of RT‑PCR showed that the expression levels of α‑SMA 

Table II. Prevalence of multifocal infarct and villous clumps in 
the basal plate in all groups.

		  Multifocal	 Multifocal
Group	 Cases, n	 infarct, n (%)	 villous clump, n (%)

EOSPE	 20	 18 (90.00)	 15 (75.00)
LOSPE	 20	   3 (15.00)	 12 (60.00)
EC	 18	   1 (5.56)	   2 (11.11)
LC	 20	   2 (10.00)	   3 (35.00)

EOSPE, early onset severe preeclampsia; LOSPE, late onset severe 
preeclampsia; EC, early control; LC, late control.
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mRNA increased in normomorph, late, transitional and early 
infarct samples progressively. The α‑SMA mRNA expression 
levels were determined by optical density  (Fig. 4) and the 
results were consistent with immunohistochemical results.

Expression of α‑SMA protein in basal plate infarcts. As our 
previous results showed that α‑SMA mRNA was upregulated 
in basal plate infarcts, α‑SMA protein levels were analyzed in 
SPE patients by western blotting. Expression levels of α‑SMA 
protein were progressively higher in early, transitional and late 
infarct samples compared with normomorph placental tissues. 
In addition, levels in early infarct were higher than late infarct 
and transitional infarct among the SPE patients while levels in 
transitional infarct were higher than late infarct (Fig. 5). These 
results indicate that, in addition to α‑SMA mRNA levels, 
α‑SMA proteins levels are also altered in SPE patients.

Discussion

SPE is a complication of pregnancy associated with a number 
of organ systems, including renal, retinal, cerebral and cardio-

vascular, and correlates with significant maternal and fetal 
morbidity and mortality worldwide (18). It is generally accepted 
that the placenta is a causative organ to SPE patients and when 
it is removed from the uterus, clinical manifestations, including 
hypertension and proteinuria are easily controlled (19).

The main hypothesis of shallow implantation of the 
placenta was the abnormal villous cytotrophoblast caused 
by immune factors, genetic factors and so on, invading into 
the spiral arteries of maternal decidua and myometrium, 
which failed to establish flaccid low‑resistance uteroplacental 
arteries (20). Remodeling of uterine spiral arteries is impor-
tant for the growth and development of the fetus. The failure of 
arterial remolding is associated with relatively hypoxic tropho-
blast tissue and a state of oxidative stress in the placenta. The 
hypoxia/oxidative stress may then result in clinical manifesta-
tion of SPE, including hypertension and proteinuria. However, 
this hypothesis is based on previous observations in which the 
basal plate was misidentified as the placental bed (21). As it 
is difficult to collect specimens from the maternal decidua 
and myometrium of SPE patients and the control group (22), 
these results do not provide convincing evidence to confirm 
that shallow implantation is responsible for the pathogenesis 
of SPE.

Infarct foci and villous clumps may lead to malperfu-
sion and hypoxia of the placenta, and the dysfunction of villi 
involved in these areas. To date, multifocal infarct, as well as 
multifocal infarct of the placental basal plate, has not been 
described. The term multifocal infarct of the placental basal 
plate was defined by reference to the definition of pervasive 
infarct of the placenta  (23). The multifocal infarct of the 
placental basal plate is the infarct area covering 15% of the 
total placental basal plate. It has been widely accepted that 
pathological changes in the basal plate infarct may cause 
underperfusion of the placenta in EOSPE with or without fetal 
growth restriction (24). However, few studies have analyzed 
the microchanges of placental pathology affecting placental 
perfusion in the non‑infarct area. In the present study, villous 

Figure 2. Mean density of α‑SMA in basal plate infarct. N, normomorph; 
LI, late infarct; TI, transitional infarct; EI, early infarct; α‑SMA, α‑smooth 
muscle actin.

Figure 1. Immunohistochemical detection of α‑SMA in basal plate tissues. (A) Blank control, (B) parenchyma, (C) early infarct, (D) transitional infarct, 
(E) late infarct and (F) villous clumps. Solid arrow, big villus; hollow arrow, medium villus; small arrow, small villus. Scale bar, 50 µm. α‑SMA, α‑smooth 
muscle actin.

  A   B   C

  D   E   F
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Table III. Proportion of infarct in various stages in SPE.

Group	 Cases, n	 Multifocal infarct, n (%)	 Early infarct, n (%)	 Transitional‑late infarct, n (%)

EOSPE	 20	 18 (90.00)	 6 (33.33)	 12 (66.67)
LOSPE	 20	   3 (15.00)	 2 (10.00)	   1 (5.00)

EOSPE, early onset severe preeclampsia; LOSPE, late onset severe preeclampsia; SPE, severe preeclampsia.

Figure 3. Correlation between integrated optical density and amounts of cells stained in basal plate infarcts. (A) Early infarct, (B) transitional infarct, (C) late 
infarct and (D) normomorph.

Figure 4. Expression of α‑SMA mRNA in basal plate infarcts. The expres-
sion of α‑SMA mRNA was detected at 331 bp as a single band. GAPDH 
served as internal control. M, marker; L1, normomorph; L2, late infarct; L3, 
transitional infarct; L4, early infarct; α‑SMA, α‑smooth muscle actin.

Figure 5. Expression of α‑SMA protein in basal plate infarcts. L1, normo-
morph; L2, late infarct; L3, transitional infarct; L4, early infarct; α‑SMA, 
α‑smooth muscle actin.

  A   B

  C   D
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clumps exhibiting a normomorph appearance were observed 
in the basal plate without infarct foci with the naked eye. 
Similarly, the multifocal villous clumps of the basal plate 
was the area of villous clump which covered 15% of the total 
basal plate. In various prevalences between these groups, the 
multifocal infarct of the basal plate was the main pathological 
change of LOSPE, while multifocal villous clumps of the basal 
plate was the common pathway in the pathogenic process of 
EOSPE and LOSPE. In addition, these observations are not 
consistent with the traditional hypothesis that placental lesions 
associated with maternal underperfusion are less frequently 
observed in LOSPE than in EOSPE (24).

The increased number of contractile proteins in the basal 
plate may represent an additional pathological change which 
affects placental perfusion and aggravates uterine tension. To 
date, few studies have discussed this hypothesis. Actin is a 
cytoskeleton protein with contractile function and has at least 
six distinct isoforms in the vertebrate tissues (25). The actin 
proteins include α‑skeletal muscle actin, α‑cardiac muscle 
actin, α‑smooth muscle actin, β‑actin, γ‑smooth muscle actin 
and γ‑nonmuscle actin (26). Matsumura et al (13) reported that 
the human placenta expresses three isoforms of actin, β‑actin, 
α‑SMA and γ‑SMA, which account for 60, 30 and 10%, respec-
tively. β‑actin largely localizes within the extravascular stroma 
while α‑SMA localizes in endovascular tissues. In addition, 
α‑SMA is a biomarker of myofibroblasts (27). Results of the 
present study indicate that α‑SMA is largely localized to the 
cytomembrane and cytoplasm of the SMCs of villi and myofi-
broblasts of villous stroma in the basal plate. These villi mainly 
spread over infarct foci and villous clumps. These results are 
consistent with previous studies indicating that α‑SMA is 
expressed in various cells, including mesenchyme, reticulum, 
smooth muscle, hofbauer, filamented and vacuolated cells, 
and fibroblasts and myofibroblasts in the stroma (28). The 
villi components labeled by α‑SMA mainly exist in infarcts 
and villous clumps of the basal plate. Current staining results 
indicate that the contraction of these α‑SMA‑labeled cells may 
play a role in the pathogenesis of SPE by affecting maternal 
circulation and inducing the contractility of uterine.

Tannheimer et al (29) previously showed that myofibroblasts 
participate in injury repair by secreting collagen, extracellular 
matrix and proinflammatory mediators. During oxidative stress, 
the structure of actin may be damaged and the cells stained by 
α‑SMA may be undergoing cytoclasis and fibrosis (30). These 
concepts provide a good explanation for the altered expression 
profile of α‑SMA in normomorph, late, transitional and early 
infarct samples in the basal plate. The expression and contrac-
tion of α‑SMA may vary in a time‑dependent manner and a 
longer time under conditions of hypoxia, and a higher rate 
of cell degeneration and fibrosis enables lower expression of 
α‑SMA and weaker contraction of α‑SMA.

More importantly, results of the present study may be 
useful for clinical application. To date, the only method to 
control SPE is termination of pregnancy, which may increase 
the rate of preterm births and neonatal mortalities of SPE. 
The early infarct and villous clumps of basal plate may be the 
target of minimally invasive interventional treatment through 
ultrasonic Doppler.

In conclusion, the present study shows that multifocal 
infarcts and multifocal villous clumps may participate in 

the pathogenic progress of SPE by blocking blood vessels, 
inducing vessel contraction and aggravating uterine tension by 
α‑SMA.
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