
Introduction

Trophoblasts are of fetal origin and represent a 

very unique tissue type, exerting a crucial role in 

the maintenance of pregnancy, including implanta-

tion and placentation.　Villous trophoblastic tis-

sues consist of two layers；cytotrophoblasts and 

syncytiotrophoblasts.　Human chorionic gonado-

tropin and human placental lactogen, the two ma-

jor hormones for the maintenance of pregnancy, 

are exclusively localized in syncytiotrophoblasts 

from 6 weeks gestation onwards.1）　However, im-

munohistochemical studies using various prolifera-

tive markers revealed that the proliferative 

potential of syncytiotrophoblasts is low through-

out the whole cell cycle, in early as well as late 

pregnancy, compared to cytotrophoblasts.2）3）　It is 

thought that the villous cytotrophoblasts, which 

are the precursor cells of syncytiotrophoblasts, 

play a key role in the overall trophoblastic 

function.　In pathological settings, however, this 

unique characteristic of trophoblasts is impaired. 

In preeclampsia, for instance, the cellular activity 
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of cytotrophoblasts is paradoxically increased com-

pared to that in normal pregnancy, possibly due to 

a compensation for impaired placental function.4）5）

The aim of this study was to analyze the prolifer-

ative potential of trophoblasts in normal preg-

nancy and intrauterine growth restriction（IUGR）

by flow cytometry and immunohistochemical meth-

ods using proliferative cell nuclear antigen（PCNA）

/cyclin and silver�staining of nuclear organizer re-

gions（AgNORs）as proliferation markers.

Materials and Methods

Tissue sampling

Chorionic villi were sampled from 10 cases of nor-

mal singleton pregnancy who underwent hysterec-

tomy or had an induced abortion at 5�14 weeks’ 
gestation（early group）, 10 cases of spontaneous 

abortion or premature delivery at 17�36 weeks’ ges-
tation（mid group）, and 10 cases who underwent elec-

tive cesarean section at 37�41 weeks’ gestation（term 

group）.　None of these cases were smokers, and 

were not on any kind of medication except for iron 

and vitamin supplements.　All fetuses in the mid 

and term groups were without any superficial 

anomalies and were appropriate for the particular 

stage.　In addition, tissue was sampled from 10 

cases of IUGR at 33�38 weeks’ gestation without 
overt fetal malformations.　Samples were obtained 

at the Department of Obstetrics and Gynecology, 

Fukuoka University Hospital.　All specimens were 

fixed in 10％ formaldehyde for 24 hours and embed-

ded in paraffin until further analysis.

　

Flow cytometry

Measurements of the cellular DNA content of 

paraffin�embedded tissues were performed as previ-

ously described.6）Paraffin�embedded tissues were 

cut at 50 μm thickness, and the sections were 

placed in 10 ml glass centrifuge tubes and dewaxed 

using two changes of xylene, and 3 ml of 100, 95, 70 

and 50％ ethanol for 10 min each at room 

temperature.　Dewaxed tissues were washed twice 

in distilled water and suspended in 1 ml of 0.5％ 

pepsin and saline, and the pH adjusted to 1.5 with 

2N hydrochloride.　Next, the tubes containing cell 

suspensions were placed in a water bath at 37� for 

30 min with intermittent vortex mixing.　Cell 

counting was performed using a hemocytometer. 

When the cell number was greater than 105, the 

suspension was centrifuged and the pellet was re-

suspended in staining solution.　The data was ob-

tained from flow cytometry reports generated 

from the Becton Dickinson FACScan analysis.  The 

proliferation index was calculated using the follow-

ing formula：

　

Proliferation index（％）＝（S＋G2M）/（G0/G1＋S

＋G2M）×100

　

The proliferation indices of the early, mid and 

term groups were compared.　In addition, a com-

parison was made between the proliferation indices 

of IUGR and the control group.　The control 

group consisted of 10 gestational age�matched 

cases randomly chosen from mid and term groups.

　

Immunohistochemistry of anti�PCNA/cyclin 

monoclonal antibody

Anti�PCNA/cyclin monoclonal antibody（Ameri-

can Biotech, USA）was used to detect the distribu-

tion of proliferating cells in trophoblasts.　PCNA 

is an auxiliary 36 kDa polypeptide of DNA po-

lymerase delta,7）and whose expression is associated 

with cell proliferation.　Immunohistochemically, 

the PCNA antibody reacts to nuclei of late G1 and 

S phase cells8） and its binding activity does not de-

teriorate in the paraffin�embedded tissues.9）

Paraffin�embedded chorionic villi/placenta from 

each group was cut at 4 μ m thickness.　The PCNA 

antibody was employed using the alkaline phos-

phatase�conjugated avidin�biotin complex method.10）

Briefly, tissues were deparaffinized through 

graded alcohol washes, and washed in buffer A 

composed of phosphate buffered saline（PBS）with 

0.1％ bovine serum albumin（BSA）.　The diluted 

anti�PCNA/cyclin antibody was overlaid on the tis-

sue sections for 1 hour at room temperature.  After 

washing in buffer A, biotinylated anti�mouse IgG

（Vector Laboratories, USA）was applied at a dilu-

tion of 1：200 and incubated for 30 min at room 

temperature.　After washing again in buffer A, al-

kaline phosphatase�conjugated avidin（Dako, Ja-

pan）was applied to the sections at a 1：100 dilution 

in PBS with 1％ BSA for 30 min at room temperature.

The immunoreactivity of PCNA/cyclin in the chori-

― 138 ―



onic villi/placenta was compared between the early 

and term groups.

　

Histochemistry of AgNORs

Nuclear Organizer Regions（NORs）are loops of 

DNA which appear in nucleoli, and the number and 

size of NORs reflects the cellular proliferative 

potential.11）　These two parameters are inversely 

correlated, i.e., cells having low proliferative poten-

tial exhibit fewer, but larger, stained NORs per nu-

cleus, whereas cells having high proliferative 

potential show more but smaller NORs per nucleus.

Paraffin�embedded sections were cut at 4 μm 

thickness and dewaxed in xylene, and hydrated 

through ethanol to deionized water.　AgNOR 

staining solution was prepared as follows；1）gela-

tin was dissolved in 1％ formic acid to a concentra-

tion of 2％ , 2）One volume of the aforementioned 

solution was mixed with two volumes of 50％ aque-

ous silver nitrate solution to give the final working 

solution.　This solution was poured over the tissue 

sections and left for 45 min at room temperature in 

a light�shielded dark room.　The sections were de-

hydrated to xylene and mounted in the synthetic 

medium.

As previously reported,12） quantitative analysis 
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Fig. 1.　Silver�stained nucleolar organizer regions（AgNORs）in the cho-
rionic villi.　The positive�staining nuclei of cytotrophoblasts 
were retrieved（left）and the corresponding AgNOR dots were 
enhanced after the background was subtracted（right）.

Fig. 2.　Age�related changes in the proliferation index.



of AgNOR staining was performed using an image 

analysis system（PIAS LA555, Japan）.　In this sys-

tem, the original image was input by video camera 

and the dots representing AgNORs were specifi-

cally enhanced on digital image color display（Fig. 

1）.　After segmentation of the corresponding 

AgNORs was manually performed, at least 100 cy-

totrophoblasts and 100 syncytiotrophoblasts were 

examined from randomly chosen fields, avoiding 

non�trophoblastic areas.　The number of AgNORs 

and the area/dots of AgNORs were compared be-

tween syncytiotrophoblasts and cytotrophoblasts 

in the early and term groups.

Statistical analysis

Statistical analysis was performed with the 

Mann�Whitney U test using statistical software, 

and the statistical significance was set at p＜0.05.

Results

1.　Proliferation index

The proliferation index of the chorionic villi de-

creased in a linear fashion as the gestational age 

advanced（Y＝ －0.343X＋43.7, p＜0.01）（Fig.  2）.  When

comparing the proliferation indices between IUGR 

and controls, there was no significant difference be-

tween IUGR（mean：34.7, range：21.0�49.0）and 

control（mean：28.9, range：24.0�42.6）.

2.　Immunohistochemistry with the anti�

PCNA/cyclin monoclonal antibody

In the early chorionic villi, the nuclei of villous 

cytotrophoblasts and stromal cells were positive 

for PCNA, however, the nuclei of syncytiotropho-

blasts were negative（Fig 3, A）.　Anchoring villi 
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Fig. 3.　Immunohistochemical localization of anti�PCNA/cyclin in the human chorionic villi at 7 weeks
（A）, 11 weeks（B）and 39 weeks（C）of gestation and in the human endometrium in proliferative
（D）and secretory phases（E）.　In the proliferative phase of human endometrium, most of the 
glandular epithelial cells and some stromal cells were strongly positive for PCNA（positive 
control）.　In the secretory phase, endometrial glandular epithelium and stromal cells were 
negative（negative control）.
An：anchoring villi, C：cytotrophoblast, G Epi：granular epithelial cells, Int：intermediate 
trophoblast, Sn：syncytial knot, St：stromal cell, T：syncytiotrophoblast.
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C D E



were reactive with PCNA antibody, but extravil-

lous trophoblasts, especially intermediate tropho-

blasts, were not（Fig 3, B）.　In the term chorionic 

villi, villous syncytiotrophoblasts were not positive 

for PCNA, but underlying cytotrophoblasts were

（Fig 3, C）.　The staining pattern was similar to 

that of early chorionic villi.　Some prominent and 

typical syncytial knots were observed, however, 

these syncytial knots were not positive for PCNA.

　

3.　Analysis of immunochemistry of AgNORs

In the analysis of AgNORs, the positive dots in 

the trophoblasts were identified in the nuclei.  Syn-

cytiotrophoblasts exhibited fewer but larger dots 

representing AgNORs, per nucleus.　On the con-

trary, cytotrophoblasts demonstrated more and 

smaller AgNOR dots.

In the early chorionic villi, the number of dots 

per nucleus in cytotrophoblasts was greater than 

that of syncytiotrophoblasts, and the area per dot 

of AgNORs in cytotrophoblasts was smaller than 

that of syncytiotrophoblasts（p＜0.05）（Table 1）. 

In the term chorionic villi, the number of dots per 

nucleus in cytotrophoblasts was also greater than 

that of syncytiotrophoblasts, and the area per Ag-

NOR dot in cytotrophoblasts was smaller than 

that of syncytiotrophoblasts.　However, these dif-

ferences were not significant.

There were no significant differences in the num-

ber of AgNOR dots, nor the area per dot, in cyto-

trophoblasts or syncytiotrophoblasts between the 

early and term chorionic villi（Table 1）.

Discussion

The proliferative potential of normal and abnor-

mal trophoblasts has been extensively studied. 

However, the process of proliferation and differen-

tiation of trophoblasts still remains to be elucidated. 

The placental weight increases in an almost linear 

fashion as gestation progresses, while the rate of 

placental weight gain is reduced in the 3rd trimester. 

There have been few studies on the proliferative po-

tential of placenta throughout pregnancy.13）

Firstly, we analyzed the overall proliferative po-

tential of chorionic villi.　In this study, cell cycle 

analysis by flow cytometry revealed that the prolif-

eration index of placenta significantly decreased as 

gestation progressed, indicating that the prolifera-

tive potential of placenta decreased accordingly. 

Bulmer et al. reported the proliferative potential of 

cytotrophoblasts and syncytiotrophoblasts in the 

early and term placenta.14）　Using Ki�67, a mono-

clonal antibody for proliferating cells, they demon-

strated high proliferative potential of cytotropho-

blasts and low proliferative potential of syncytio-

trophoblasts in early as well as late gestation.

In the present study, we used anti�PCNA 

antibody.　This antibody works on formaldehyde 

fixed and paraffin embedded tissue, which is advan-

tage for the retrospective analysis.　Because of the 

paraffin embedded sections, tissue sampling and 

preservation are very easier than criostat sections. 

In addition, paraffin embedded sections enable to 

make easy to observe the morphological findings. 

Using an anti�PCNA monoclonal antibody, we al-

ready confirmed immnunohistochemically of high 

proliferative potential of cytotrophoblasts and lack 

of proliferative potential of syncytiotrophoblasts.15）

In this study, the results of AgNORs image 

analysis revealed that the proliferative potential of 

cytotrophoblasts was higher than that of syncytio-

trophoblasts throughout pregnancy.　Villous syn-

cytiotrophoblast was not consistently reactive 

with PCNA but the underlying cytotrophoblast 

and cytotrophoblast of anchoring villi were reac-
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Table 1.　Number of dots and area/dots of AgNORs in cytotrophoblasts and syncytiotrophoblasts in the 
              early and term groups.

P value　　　Syncytiotrophoblasts　Cytotrophoblasts

p＜０.０１┐
NS
┘

５.０（２.５�９.３）┐
NS
┘

７.０（３.１�１１.５）EarlyNo of AgNORs

NS４.７（２.３�８.９）６.１（３.４�１０.１）Term

p＜０.０５ ┐
NS
┘

０.２２（０.１５�０.２８）┐
NS
┘

０.１５（０.０９�０.２３）EarlyArea/Dots of AgNORs

NS０.２０（０.１５�０.２７）０.１７（０.０９�０.２１）Term

Numbers shown indicate the mean and range.



tive with PCNA throughout pregnancy.  Extravil-

lous trophoblasts, especially intermediate tropho-

blasts, were not positive for PCNA.　Based on the 

above�mentioned results, it is suggested that an-

choring villi are the source of proliferation of 

trophoblasts.　In addition, there may be two direc-

tions of cell proliferation on chorionic villi；one to 

the surface epithelium of chorionic villi, and the 

other to the deeper portion of decidua.

Syncytial knots are thought to be histological 

changes as a result of prolonged local hypoxic 

stress in the chorionic villi.　There are two hy-

potheses concerning the pathogenesis of syncytial 

knots.　One is the degenerative changes in syn-

cytiotrophoblasts following hypoxia16）17） and the 

other is compensatory proliferative changes in 

syncytiotrophoblasts.18）　In this study, the nuclei 

of syncytial knots were unreactive with PCNA 

antibody.　Further, this tendency is the same as in 

three cases with placental hypoxic change.　Our re-

sults support the idea that syncytial knots are de-

generative changes in syncytiotrophoblasts.

Immunohistochemically, the numbers of PCNA�

positive cells decreased as gestation progressed, 

and this tendency seemed to be in accordance with 

the population of cytotrophoblasts during placen-

tal development.19）20）　The image analysis of 

AgNORs indicated that the proliferative potential 

of cytotrophoblasts was unchanged throughout 

pregnancy.　Cytotrophoblasts have been estab-

lished as being the proliferating cells within nor-

mal chorionic villous tissue, and PCNA antibody 

reacted with villous cytotrophoblasts both in early 

pregnancy and at term.　The presence of prolifer-

ating cells in late pregnancy is not surprising, 

since the term placenta is capable of in vitro 

proliferation.　The proliferative potential in the 

placenta throughout pregnancy might depend on 

the number of cytotrophoblasts.　Previously, an 

increased number of cytotrophoblasts in preeclamp-

sia was reported.21）　This previous report revealed 

that the villous cytotrophoblastic cell count is one 

of the most reliable parameters for the assessment 

of placental ischemia/infarction.　In our study, 

the number of cytotrophoblasts seemed to be corre-

lated with the proliferation index of placenta.　We 

analyzed the proliferation index of chorionic villi 

from IUGR, however, contrary to our expecta-

tions, there was no significant difference from the 

controls.

Cell proliferation and differentiation are differ-

ent phenomena, however, they are tightly associ-

ated with each other.　Generally, previous inves-

tigators used Ki�67 or BrdU to test for cell prolif-

eration and epidermal growth factor（EGF）or EGF 

receptor（EGFR）as a marker of cell differentiation. 

Maruo et al. reported that immunohistochemical 

analysis revealed that EGF localized on syncytio-

trophoblasts is related to the differentiation of 

syncytiotrophoblasts,1） while other investigators 

showed that EGF deficiency during pregnancy 

caused abortion in mice.22）Our results indicated no 

proliferative potential in syncytiotrophoblasts dur-

ing pregnancy, which demonstrates the functional 

difference between syncytiotrophoblasts and cyto-

trophoblasts.

In the future, comparison of the proliferative po-

tential of trophoblasts throughout pregnancy 

might contribute to elucidation of the pathogene-

sis of perinatal disorders, including IUGR, preec-

lampsia and spontaneous abortion.
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