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A B S T R A C T

Hydatidiform moles (HM) are characterized by an abnormal proliferating trophoblast with a potential for a
malignant transformation. Similar to other human tumors, trophoblastic pathogenesis is likely a multistep
process involving several molecular and genetic alterations. The study was performed to investigate the ex-
pression patterns of c-erbB-2 and Bcl-2 oncoproteins, p53, p21WAF1/CIP1 and p63 tumor suppressor proteins and
Ki-67 cell proliferation marker in HM.

We conducted a retrospective study of 220 gestational products, including 39 hydropic abortions (HA), 41
partial HM (PHM) and 140 complete HM (CHM). The expression of c-erbB-2, Bcl-2, p53, p21WAF1/CIP1, p63 and
Ki-67 was investigated by immunohistochemistry on archival tissues. c-erbB-2 expression was observed in three
PHM and 10 CHM. Bcl-2 immunostaining was significantly higher in PHM (61%) and CHM (70.7%) compared
with HA (7.7%, p= 0.001 and p < 0.0001, respectively). p53 expression was stronger in CHM (73.6%)
compared with PHM (24.4%, p<0.0001) and HA (12.8%, p<0.0001). p21WAF1/CIP1 staining was observed as
well in molar and non-molar gestations (p > 0.05). p63 immunoexpression was significantly described in CHM
(85.7%) and PHM (78%) compared with HA (10.2%, p<0.0001 and p = 0.0001, respectively). Ki-67 was
significantly expressed in CHM (72.1%) compared with HA (46.2%, p = 0.005).

Altered expression of Bcl-2, p53, p63 and Ki-67 reflects the HM pathological development.
Immunohistochemical analysis is beneficial to recognize the HM molecular and pathogenic mechanisms.
Furthermore, it could serve as a useful adjunct to conventional methods for refining HM diagnosis.

1. Introduction

Gestational trophoblastic disease (GTD) is a heterogeneous disease
of placental trophoblasts with clinically distinct physiopathology, ran-
ging from benign hydatidiform moles (HM) to choriocarcinomas, pla-
cental site trophoblastic tumors and epithelioid trophoblastic tumors
[12,37]. Occurring more frequently in South-East Asia, HM is an
aberrant human pregnancy characterized by significant hydropic en-
largement and excessive trophoblastic proliferation, involving part of or
all chorionic villi [13,57,61]. According to clinical features, histo-
pathology and genetic differences, HM is sub-classified into two sepa-
rate entities, including partial hydatidiform mole (PHM) and complete

hydatidiform mole (CHM) [4,47]. Although the well-established histo-
pathological criteria, the distinction between non-molar hydropic
abortions (HA), PHM and CHM, especially in the first trimester, remains
challenging in clinical practice [12,22,59]. Given that 10–30% of CHM
and 0.5–5% of PHM cases progress to persistent GTD or even chor-
iocarcinoma, clinical differentiation of these lesions has important
therapeutic and prognostic implications [4,59]. Several ancillary tech-
niques have been proposed to resolve the diagnostic dilemmas of HM,
including immunohistochemistry, DNA ploidy, conventional cytoge-
netics, fluorescence in situ hybridization and genotyping analyses
[5,18,35,44]. During the two last decades, the utility of the p57KIP2

immunohistochemistry has been well-established [3,26,34,38]. The
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P57KIP2 gene is a strongly paternally imprinted gene and is expressed
only by the maternal allele in most tissues. Thus, p57KIP2 staining is a
highly useful marker in confirming CHM. In fact, p57KIP2 expression is
absent in CHM and present in PHM, HA and normal trophoblasts. The
DNA genotyping is the most recent additional technique using poly-
merase chain reaction (PCR) amplification of short tandem repeat (STR)
loci and has emerged as a powerful diagnostic tool to accurately classify
both CHM and PHM [3,6,17,26,38,50].

During the implantation, the trophoblast behavior is similar to that
of tumor cells. In fact, human placental trophoblasts can be considered
pseudomalignant tissue, with firmly controlled proliferation, apoptosis
and invasiveness [60]. As other human cancers, GTD is a multistep
process characterized by aberrant proliferative and apoptotic activities
and dysregulation of cell signaling pathways, involving several genetic
and cellular alterations and leading to inactivation of tumor suppressor
genes and activation of oncogenes [9,10,36,43–45]. Although there is a
growing understanding of the molecular biology of HM, the precise
pathogenic mechanisms of HM development are still unclear and should
be further explored.

c-erbB-2 proto-oncogene encodes a transmembrane protein with
tyrosine kinase activity. It is mainly expressed in embryonic tissue and
in certain normal adult tissues. c-erbB-2 protein plays a decisive role in
the transduction of cell proliferation and differentiation signals.
Overexpression of c-erbB-2 may cause abnormal cell proliferation re-
sulting in the malignant cell transformation [67].

Bcl-2 is a proto-oncogene enhancing growth and survival of cells.
Bcl-2 plays a critical role in normal placental growth and ageing.
Inappropriate Bcl-2 regulation has been involved in various pregnancy
disorders [58].

TP53 is an important tumor suppression gene involved in apoptosis,
cell cycle, genomic stability and carcinogenesis as well as in embry-
ogenesis [51]. p53 is involved in cellular differentiation by stimulating
the expression of several p53-target genes in first-trimester trophoblasts
[16].

p21WAF1/Cip1 is a tumor suppressor by promoting cell cycle arrest in
response to various stimuli and it acts as principal effector of various
tumor suppressor pathways for promoting anti-proliferative activities
that are p53-independent. Hence, p21WAF1/Cip1 can promote cell pro-
liferation and oncogenicity [1].

The transcription factor p63, localized in the long arm of the third
chromosome (3q27-29], is a homolog of the TP53 gene. p63 protein is
expressed in the cytotrophoblasts of the normal placenta and con-
tributes to the stem cell maintenance, as well as growth and develop-
ment of various epithelial tissues [42].

The Ki-67 is a cell proliferation marker expressed by the cell nucleus
of all active phases of the cell cycle (G1, S, G2 and mitosis) except the
resting cells (G0). Thus, Ki-67 expression presents an excellent marker
of tissue proliferation compartment and could be of value in better
understanding the biological behavior of HM [56].

To further explore the pathogenesis of HM compared with non-
molar pregnancies, the study investigated the expression pattern of c-
erbB-2 and Bcl-2 oncoproteins, p53, p21WAF1/Cip1 and p63 tumor sup-
pressor proteins, as well as Ki-67 cell proliferation marker in a large
series of molar and non-molar gestational products in Tunisia.

2. Materials and methods

2.1. Tissue samples

We carried out a retrospective study of 220 specimens of the first
trimester gestational products received in the Pathology Department,
Farhet Hached University Hospital of Sousse, Tunisia, during 2005-
2008. These cases originated from the Department of Gynecology and
Obstetrics, Farhet Hached University Hospital of Sousse and Taher Sfar
University Hospital of Mahdia (Tunisia). This study was approved by
the local Human Ethics Committee at the Farhet Hached University
Hospital of Sousse (Tunisia) and it conformed to the provisions of the
Declaration of Helsinki.

Each case was categorized as HA, PHM, or CHM based on clinical,
biochemical (BhCG) and histological criteria [48]. Histological diag-
nosis review of all cases was performed by two pathologists using He-
matoxylin and eosin stained sections.

Prior to analysis, all specimens were already phenotyped by p57KIP2

immunohistochemistry as we previously reported [34]. Concordant
results were obtained in 210 cases. p57KIP2 immunoexpression was
detected in 41 PHM and 38 HA, whereas no p57KIP2 immunostaining
was found in 131 CHM. Among the 10 discordant cases, 9 cases were
diagnosed initially as eight PHM and one HA and showed no p57
staining, indicating the absence of maternal contribution. In these 9
cases, CHM diagnosis was retained. In The 10th discordant case, the
histological diagnosis between PHM and HA was equivocal [34].

In all these discordant cases (n= 10) as well as in 20 p57KIP2-ne-
gative CHM, microsatellite DNA genotyping analysis was performed
using fluorescently labeled primers for a panel of 15 STR markers, in-
cluding D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01,
D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818
and FGA amelogenin sex marker according to the manufacturer pro-
tocol (AmpFlSTR™ Identifiler™ PCR Amplification Kit, Applied
Biosystems) [34]. As, the DNA genotyping analysis showed a normal
biparental origin of the embryo, the diagnosis of HA was retained in
10th discordant case [34].

Finally, combining the initial histopathological diagnosis and the
results of p57KIP2 immunohistochemistry and nuclear DNA micro-
satellite polymorphism, the 220 abortuses samples were classified as 39
HA, 41 PHM and 140 CHM [34].

The patient’ age at diagnosis ranged between 18 and 53 years with a
median age of 33 years. Gestational age ranged from five to 14 weeks
(median: nine weeks). All tissues had been routinely fixed in 10%
buffered formalin and paraffin embedded. One or two tissue blocks
were selected to confirm that diagnostic tissue as originally reported
was adequately represented in remaining tissue blocks.

2.2. Immunohistochemistry

Immunohistochemistry was performed on sections of four microns
thickness. After dewaxing and rehydration, the antigen unmasking was
carried out in a citrate buffer at 95 °C for 40min (Table 1). The en-
dogenous peroxidase activity was blocked by 3% hydrogen peroxide.
Slides were then incubated with the primary antibody at room tem-
perature (20–25 °C) for 30min (Table 1). The revelation was made by

Table 1
Immunohistochemistry conditions and evaluation.

Marker Clone Provenance Dilution Retrieval solution Positive immunostaining

c-erbB-2 Polyclonal (A0485) Dako 1/300 Citrate 0.01M, pH 6.0 Membranous staining
Bcl2 124 Dako 1/50 Citrate 0.01M, pH 6.0 Cytoplasmic staining
p53 Do-7 Dako 1/50 Citrate 0.01M, pH 6.0 Nuclear staining
p21WAF/Cip1 SX 118 Dako 1/50 Citrate 0.01M, pH 9.0 Nuclear staining
p63 4A4 Dako 1/50 Citrate 0.01M, pH 9.0 Nuclear staining
Ki-67 Mib1 Dako 1/50 Citrate 0.01M, pH 6.0 Nuclear staining
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the Envision+Dual Link System HRP kit (Dako, code K4063). Diami-
nobenzidine was used as the chromogen for the immunostaining. Fi-
nally, sections were counterstained with hematoxylin and mounted.
Appropriate positive controls were performed according manufacture’s
instruction. Negative controls were obtained by substitution of the
primary antibody by phosphate buffered saline. Images were captured
by the microscopic digital camera Olympus system.

Immunohistochemistry evaluation was independently performed by
two pathologists. The stained cell types were identified as villous cy-
totrophoblasts, villous intermediate trophoblasts, villous syncytio-
trophoblasts, villous stromal cells or decidual cells. The im-
munoexpression patterns were scored semi-quantitatively by evaluating
the percentage of positive cells and staining intensity as described
elsewhere [20,21,31]. The immunoreactivity scores were calculated by
multiplying the percentage of positive cells by the staining intensity.
The percentage of positive cells was estimated by counting ∼100 cells
per slide (×400 magnification) and scored as follows: 0 (< 5%
staining), 1 (5–25% staining), 2 (25–50% staining), 3 (50–75%
staining), and 4 (> 75% staining). The staining intensity was scored as
follows: 0, negative, 1, weakly positive, 2, moderately positive, and 3,
strongly positive.

2.3. Statistical analysis

Statistical analysis was performed with Chi-square test, using the
statistical Package for Social Science (SPSS) software Version 19.0 (IBM
Corp., Armonk, NY, USA). Probability values (p) of 0.05 or less were
considered statistically significant.

3. Results

The immunoexpression of c-erbB-2, Bcl2, p53, p21WAF1/Cip1, p63
and Ki-67 in non-molar and molar pregnancies was summarized in
Tables 2 and 3.

The expression of c-erbB-2 oncogene was observed in 13M samples,
including three PHM (7.3%) and 10 CHM (7.1%). These cases exhibited
membranous staining of cytotrophoblastic cells (Fig. 1A), whereas no c-
erbB-2 immunoexpression was observed in all HA cases. No significant
difference of c-erbB-2 expression pattern was reported between PHM
and CHM cases (p > 0.05).

Bcl-2 expression was found in only three cases of HA. By contrast,
cytoplasmic Bcl-2 immunostaining of the syncytiotrophoblastic cells
was reported in 25 PHM (61%) and 99 CHM (70.7%, Fig. 1B-C).
Compared with HA, Bcl-2 expression was statistically higher in PHM
(p= 0.001) and CHM (p < 0.0001).

Only five HA and 10 PHM exhibited p53 nuclear immunostaining in
villous cytotrophoblasts (Fig. 2A). By contrast, p53 expression was
observed in 103 CHM (73.6%). There was a significant difference
compared with PHM (p<0.0001) and HA (p<0.0001).

Nuclear expression of p21WAF1/Cip1 was observed in 64.1%, 82.9%
and 85.7% of HA, PHM and CHM cases, respectively (Fig. 2B). The
expression was found in villous syncytiotrophoblasts. There was no
significant difference between molar and non-molar gestations (p >
0.05 for all).

Among molar specimens, p63 immunoexpression was detected in
the cytotrophoblasts nucleus of 32 PHM and 120 CHM (Fig. 2C) and it

was significantly higher compared with HA (only 10.2%, p= 0.001 and
p<0.0001, respectively).

Nuclear Ki-67 immunostaining was described in cytotrophoblastic
cells of 46.2%, 65.8%, 72.1% of HA, PHM and CHM, respectively
(Fig. 2D). Ki-67 expression was significantly detected in CHM compared
with HA (p = 0.005).

Herein, three CHM progressed to persistent GTD and exhibited c-
erbB-2, Bcl2, p53, p21WAF1/Cip1, p63 and Ki-67 expression.

4. Discussion

In this study, we extensively analyzed the immunohistochemical
expression of c-erbB-2 and Bcl-2 oncoproteins, p53, p21WAF1/Cip1 and
p63 tumor suppressor proteins and Ki-67 cell proliferation marker in a
large series of molar and non-molar pregnancies in Tunisian women.
When compared with non-molar abortions, we found a significant ex-
pression of Bcl-2 and p63 in PHM cases as well as a higher im-
munoexpression of Bcl-2, p53, p63 and Ki-67 in CHM samples.
However, only p53 expression was significantly different between PHM
and CHM.

The c-erbB-2 oncogene is overexpressed in several malignant tu-
mors, including breast, colorectal, gastric and gallbladder tumors. In
persistent GTD, Cameron et al. [7] neglected any significance of c-erbB-
2 expression since only one case showed positive staining. However,
later studies have reported the involvement of c-erbB-2 oncogene in HM
pathogenesis [21,24,29,68,69]. Yang et al. [68] considered that the
altered c-erbB-2 expression could be important in the pathogenic me-
chanisms of CHM as well as a strong predictor for the malignant
transformation of this disease. Using quantitative and semi-quantitative
analysis of c-erbB-2 immunostaining, Yazaki-Sun et al. [69] confirmed
these findings and advocated the c-erbB-2 usefulness in the establish-
ment of therapeutic protocol. More recently, Erol et al. [21] described a
significantly higher positive c-erbB-2 staining in CHM compared with
PHM and HA. Interestingly, Hasanzadeh et al. [29] reported that c-
erbB-2 overexpression is associated with malignant progression of
molar pregnancies and could predict GTN during the early stages.
Herein, although our results were not statistically significant, a higher
c-erbB-2 expression was found in CHM and a progression to persistent
GTD was reported in three c-erbB-2-positive CHM. Hence, we suggest
that c-erbB-2 expression could be a useful in prediction of HM malig-
nant progression. Indeed, this hypothesis should be confirmed in a large
series of HM giving rise to GTN.

Dysregulation of Bcl-2 has been involved in various pregnancy

Table 2
Expression of c-erbB-2, Bcl2, p53, p21WAF1/Cip1, p63 and Ki-67 in 220M and non-molar gestations.

Histological Diagnosis c-erbB-2 Bcl-2 p53 p21WAF1/Cip1 p63 Ki-67

HA (n= 39) 0 3 (7.7%) 5 (12.8%) 25 (64.1%) 4 (10.2%) 18 (46.2%)
PHM (n=41) 3 (7.3%) 25 (61%) 10 (24.4%) 34 (82.9%) 32 (78%) 27 (65.8%)
CHM (n=140) 10 (7.1%) 99 (70.7%) 103 (73.6%) 120 (85.7%) 120 (85.7%) 101 (72.1%)

Note: CHM, complete hydatidiform moles; HA, hydropic abortions; PHM, partial hydatidiform moles.

Table 3
Statistical analysis of the immunohistochemistry results in molar and non-molar
pregnancies.

Expression HA/PHM HA/CHM PHM/CHM

c-erbB-2 p > 0.05 p > 0.05 p > 0.05
Bcl-2 p=0.001 p < 0.0001 p > 0.05
p53 p > 0.05 p < 0.0001 p < 0.0001
p21WAF1/Cip1 p > 0.05 p > 0.05 p > 0.05
p63 p=0.001 p=0.0001 p > 0.05
Ki-67 p > 0.05 p = 0.005 p > 0.05

Note: CHM, complete hydatidiform moles; HA, hydropic abortions; PHM, partial
hydatidiform moles.
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disorders. In GTD, almost a dozen studies have investigated the Bcl-2
expression with conflicting results [2,8,21,24,31,52,53,64,65]. Fulop
et al. [24] found a significantly stronger Bcl-2 expression in the syn-
cytiotrophoblast of CHM and choriocarcinoma compared with both
normal placenta and PHM. In molar chorionic villi, Hussein [31] re-
ported a moderate expression of Bcl-2 suggesting its involvement in the
development of HM. In our study, analyzing a larger series of HM
samples, we reported a significantly higher Bcl-2 expression in villous
syncytiotrophoblasts of CHM as well as PHM cases compared with HA.
However, other studies described a significant decrease in Bcl-2 ex-
pression in CHM cases as compared with the control group
[21,52,54,65,66]. In the study of Candelier et al. [8], Bcl-2 expression
was reported in syncytiotrophoblasts of the normal placenta and HM
and increased gradually during the normal differentiation. Recently, a
significantly increased Bcl-2 expression pattern was observed in HA
compared with PHM and CHM by Erol et al. [21]. The decrease of Bcl-2
expression was associated with the excessive proliferation of tropho-
blastic cells in HM [65].

In contrast to malignant tumors, p53 immunoexpression in the
trophoblast is due to upregulation of the TP53 tumor suppressor gene
that could be essential for controlling excessive trophoblast prolifera-
tion and considered a defensive mechanism against the abnormal cell
development during the normal placentation [27,40]. Nevertheless,
several reports investigated the possible role of p53 immunoexpression
in the HM pathogenesis with controversial findings [2,11,15,20,
27,31,33,36,39,52,55,64,68]. Some previous analyses showed p53
overexpression in PHM and even in HA [11,27,64]. Chen et al. [11]
found significantly higher p53 immunostaining in PHM than HA con-
cerning the percentage of stained cells. Herein, however, no significant
difference was observed between HA and PHM consistent with some
earlier reports [23,55]. Considering only staining in the villous inter-
mediate trophoblasts, Al-Bozom [2] identified an increased p53 ex-
pression in CHM compared with PHM with no expression in HA. In-
terestingly, in our study, significantly increased p53 expression was
reported in CHM as compared with HA and PHM as previously shown
[20,23,33,49]. Taken together, these results proved the higher cell
activity and apoptosis in the trophoblasts of CHM that could be asso-
ciated with HM malignant transformation [62,69]. Nevertheless, using
a highly sensitive pyrosequencing approach, a very recent study of
Chan et al. [10] identified specific nonsense and missense mutations in
exons 6, 7 and 8 of the TP53 tumor suppressor gene in CHM and even in
PHM, suggesting the presence of p53 mutants in a small population of
HM trophoblasts.

According to the literature, there were only few earlier studies in-
vestigating p21WAF1/Cip1 expression in GTD pathogenesis [14,23,36]. A
significantly stronger expression of p21WAF1/Cip1 was reported in CHM
and choriocarcinoma compared with normal placentas and PHM, ad-
vocating an important role in the pathogenic development of both CHM
and choriocarcinoma [14,23,36]. By contrast, in our study, no statis-
tical difference of p21WAF1/Cip1 immunostaining was observed between
molar and non-molar samples although CHM cases exhibited more
frequently p21WAF1/Cip1 expression.

The role of p63 expression in molar pregnancies’ pathogenesis has
been analyzed and remains unclear [11,19,30,41,53]. No significant
difference of p63 immunoexpression between PHM and HA was re-
ported by Chen et al. [11]. Although the nuclear immunoreactivity of
p63 was higher in molar than non-molar gestations and in PHM than
CHM, Heidarpour and Khanahmadi [30] considered that using this
marker alone is an inaccurate diagnostic tool in view of its low sensi-
tivity and specificity. Currently, a significant difference of p63 expres-
sion was observed between molar and non-molar abortions, but not
between PHM and CHM supporting its involvement in molar patho-
genesis. Nevertheless, p63 staining has been described differently be-
tween PHM and CHM [53] and has been advocated even in routine
clinical practice to improve HM diagnosis mainly in case of limited
resource settings [41].

Fig. 1. Expression pattern of c-erbB-2 and Bcl-2 oncoproteins in HM samples.
(A) Membrane expression of c-erbB-2 in cytotrophoblastic cells of CHM
(Mx400). (B–C) Cytoplasmic expression of Bcl-2 in syncytiotrophoblastic cells
of PHM (Mx200) and CHM (Mx100). Expression localization was pointed with
black arrows.
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Since Ki-67 is involved in the trophoblast differentiation and is
mainly expressed by cytotrophoblastic cells, it seems an excellent
marker for the tissue proliferation compartment, determining the GTD
biological behavior [56]. In HM, the usefulness of Ki-67 im-
munostaining is still conflicting [11,13,19,25,28,32,33,39,44,
46,55,63,70]. Earlier reports found no significant difference of Ki-67
expression between molar and normal placentas as well as between HM
which progressed to persistent GTD and those that did not
[13,25,32,46,55]. More recently, Sundara et al. [63] showed that only
the GTN was found to be significantly different from the normal pla-
centa. Hence, the Ki-67 staining of placental trophoblastic cells in pa-
tients with a molar placenta could present a high predictive value for
the detection of GTN progression [28,39,63]. Herein, we showed that
Ki-67 expression was significantly different between CHM and HA,
confirming its role in CHM development. In addition, a progression to
persistent GTD was reported in three Ki-67-positive CHM cases, sup-
porting the predictive value of this marker. Despite the low number of
analyzing samples, Erfanian et al. [19] considered that Ki-67 im-
munostaining in cytotrophoblastic cells is the best factor to differentiate
between HA and HM, as well as between CHM and PHM. Later reports
confirmed the usefulness of Ki-67 proliferation marker in the differ-
ential diagnosis of non-molar and molar gestations [11,39,44,70],
mainly in distinguishing CHM from PHM [70] and even PHM from HA

if combined with E-cadherin expression [44].
To our knowledge, our study constitutes the first report in-

vestigating simultaneously the expression of six different genes on a
large series of molar and non-molar gestations with already confirmed
diagnosis by p57KIP2 immunohistochemistry and DNA genotyping
analysis. Based on our findings, altered expression of Bcl-2, p53, p63
and Ki-67 reflects the pathological development of HM. The im-
munohistochemical study of molar and non-molar pregnancies is of
great help in better understanding the molecular and pathogenic me-
chanisms of HM. Therefore, it could be a useful adjunct to conventional
methods for refining HM diagnosis. Further analyses of more PHM and
HA cases are required to confirm these results.
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Fig. 2. Expression pattern of p53, p21WAF/Cip1 and p63 tumor suppressor proteins and Ki-67 cell proliferation marker in HM samples.
(A) Nuclear p53 expression in cytotrophoblastic cells of CHM (B, Mx200). (B) Nuclear p21WAF/Cip1 expression in syncytiotrophoblastic cells of CHM (Mx200). (C)
Nuclear p63 expression in cytotrophoblastic cells of PHM (Mx100). (D) Strong nuclear Ki-67 expression in cytotrophoblastic cells of CHM (Mx200). Expression
localization was pointed with black arrows.
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