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The role of cell cycle protein expression in gesta-
tional trophoblastic disease is poorly understood. In
this study we investigated the immunostaining pat-
terns of G1 restriction point and G1-S regulatory
proteins E2F-1, Cdk2, cyclin E, p27kip1, and the pro-
liferation marker Ki-67 on routinely processed sec-
tions of 29 hydatidiform moles (10 partial moles
and 19 complete moles, including 9 persistent
moles), 7 choriocarcinomas, and 7 normal placen-
tas. Ki-67 trophoblast staining decreased with in-
creasing gestational age of the placenta, and showed
maximal expression in gestational trophoblastic
disease. Cyclin-dependent kinase activity, as re-
flected by Cdk2 expression patterns, also decreased
with placental maturation. E2F-1 was uniquely ex-
pressed by trophoblasts of moles and choriocarci-
noma. Cyclin E was maximally expressed by com-
plete moles and choriocarcinomas, and showed an
inverse relationship with the cyclin-dependent ki-
nase inhibitor p27kip1. Abnormal trophoblastic pro-
liferations may bemediated through interactions of
Cdk-2, E2F-1, cyclin E, and p27kip1. Overexpression
of cyclin E was associated with more aggressive
forms of gestational trophoblastic disease. How-
ever, we did not find distinguishing features be-
tween complete moles that spontaneously resolved
after evacuation and persistent moles that required
chemotherapy. The different expression patterns of
cyclin E and E2F-1 in partial and complete moles
may be useful in distinguishing these two entities.
Furthermore, loss of p27kip1 in malignant tropho-
blast may represent a necessary step in the devel-
opment of choriocarcinoma.
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Cell cycle progression is regulated by the coordi-
nated interactions of a variety of proteins, which
include E2F-1, cyclin-dependent kinases (Cdks), cy-
clin E, and p27kip1 (1–12). The retinoblastoma pro-
tein (pRb) in its active, hypophosphorylated state is
an inhibitor of cell cycle progression from G1 to S
phase (4, 6). Cyclin E as a complex with Cdk-2
regulates the G1-S transition by phosphorylation/
inactivation of pRb, which releases E2F-1 (3, 13).
Free E2F-1 mediates G1-S progression by forming
complexes with other proteins, which ultimately
bind to promoter sequences of genes necessary for
DNA replication and cell cycle control (9). E2F-1
binding sites are present in the promoter region of
the cyclin E gene (5). The activity of the promoter is
in turn negatively regulated by pRb. A positive-
feedback loop in late G1 phase helps to ensure
continued cyclin E expression and pRb inactiva-
tion. The Cdk inhibitor p27kip1 functions as a neg-
ative regulator of G1 progression by binding to cy-
clin E-Cdk2 complexes (14–16).
Gestational trophoblastic disease (GTD) encom-

passes a heterogeneous group of lesions, including
partial and complete hydatidiformmoles and chorio-
carcinoma, placental site trophoblastic tumor, epithe-
lioid trophoblastic tumor, placental site nodule and
exaggerated placental site. All are characterized by
abnormal trophoblast proliferation (17). Partial and
complete moles arise from abnormal fertilization re-
sulting in excess paternal genomic material, and have
the potential for persistent GTD including metastasis
(18). Despite morphologic differences, it may at times
be difficult to distinguish partial from completemoles
(17, 19). Choriocarcinoma is a highly malignant epi-
thelial tumor that may arise from the trophoblast of
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any type of gestational event, most commonly in a
complete mole.

Recent studies have shown that trophoblast pro-
liferation as determined by Ki-67 and G1 cyclin
immunostaining, decreases during normal placen-
tal development (20–22). Relatively little is known,
however, about cell cycle protein expression in
GTD. In this study we have investigated the immu-
nostaining patterns of the G1 restriction point and
G1-S regulatory proteins E2F-1, cyclin E, Cdk2,
p27kip1, and the proliferation marker Ki-67 in nor-
mal placentas, partial and complete moles (includ-
ing persistent moles), and choriocarcinoma.

MATERIALS AND METHODS

Tissues
Twenty-nine hydatidiform moles (10 partial and

19 complete), 7 choriocarcinomas, and 7 placentas
(3 first trimester, 2 second trimester, and 2 third
trimester) were collected from the surgical pathol-
ogy files of the Departments of Pathology at the
Women’s and Children’s Hospital of Los Angeles
County � University of Southern California Health-
care Network and the Kaiser Foundation Hospital,
Los Angeles. All cases had been fixed in 10% buff-
ered formalin and were routinely processed and
embedded in paraffin. Flow cytometric ploidy anal-
ysis data were available on six partial and one com-
plete mole.

Immunohistochemical Methods
A monoclonal antibody reactive with E2F-1 pro-

tein (clone KH95, Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA) was used at 1:50 dilution. Cyclin E
was detected with the monoclonal antibody HE12
(Pharmingen, San Diego, CA), used at 1:50 dilution.
A monoclonal antibody that identified p27kip1

(clone 57, Transduction Laboratories, Lexington,
KY) was used at a dilution of 1:200. The monoclonal
antibody reactive with Cdk2 (2B6, Neomarkers, Fre-
mont, CA) was used at 1:100 dilution. For demon-
stration of the Ki-67 nuclear-associated prolifera-
tion antigen, the monoclonal antibody MIB-1
(Immunotech, Westbrook, ME) was used at 1:100
dilution. Control sections were immunostained un-

der identical conditions substituting the primary
antibody with an irrelevant antibody (CD20, L26,
DAKO, Carpenteria, CA) or with buffer solution.

Tissue sections baked at 56 degrees C for 60 min-
utes, deparaffinized with xylene, and rehydrated with
graded ethanols to distilled water. Epitope retrieval
was carried out for 15 minutes in boiling 0.01 mol/L
citrate buffer at pH 6.0 (E2F-1, MIB-1, Cdk2, and
p27kip1), or 0.001 mol/L EDTA buffer at pH 8.0 (cyclin
E). Reactivity was detected with an avidin-biotin im-
munoperoxidase detection system employing 3',3'
diaminobenzidine tetrahydrochloride dihydrate as
the chromogen (Vector Labs, Burlingame, CA).

Evaluation of Staining
For all the markers used in this study, only ho-

mogeneous nuclear staining was considered posi-
tive. Occasional cytoplasmic staining was consid-
ered nonspecific, and was not included in our
evaluation. The sections were initially scanned at
low power to determine the areas that were evenly
labeled. All cells exhibiting a brown nuclear reac-
tion product were interpreted as positive, regard-
less of staining intensity.

Scoring estimates were based on the number of
stained trophoblast nuclei: 0 (no staining), 1� (1–
10%), 2� (11–25%), 3� (26–50%), and 4� ( more
than 50%). The cases were evaluated independently
by four of the authors (MO, SR, JCF, and RKB), and
discrepancies in estimation were reconciled by
concurrent review using a multi-headed micro-
scope. Scoring of normal placental tissue immu-
nostains was performed on the trophoblast of pla-
cental villi. Proliferating trophoblast of the
trophoblastic columns in implantation villi, where
present were not included in our assessment.

RESULTS

Immunostaining demonstrated a spectrum of ex-
pression patterns in normal placenta and GTD (Ta-
ble 1). The number of trophoblast nuclei stained for
Ki-67 decreased with increasing gestational age of
the placenta. The staining was limited to the basal
layer of villous cytotrophoblast, which is composed
of mitotically active, mononuclear cells. The termi-

TABLE 1. Expression of Cell Cycle Proteins in Gestational Trophoblastic Disease and Normal Placenta

Trophoblast Ki-67 E2F-1 Cdk2 Cyclin E p27kip1

1st trimester placenta 2� 0 3� 2� 4�
2nd trimester placenta 2� 0 2� 2� 2�
3rd trimester placenta 1� 0 2� 2� 1�
Partial mole 3� 1� 4� 2� 4�
Complete mole 4� 2� 4� 4� 3�
Persistent complete mole 4� 2� 4� 4� 3�
Choriocarcinoma 4� 2� 4� 4� 1�

0, no staining; 1�, 1–10% positive cells; 2�, 11–25% positive cells; 3�, 26–50% positive cells; 4�, �50% positive cells.
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nally differentiated syncytiotrophoblast cells, which
are larger multinucleated cells, were not stained.
Moles and choriocarcinoma contained the largest
numbers of positively stained cells (Fig. 1). Com-
plete moles and choriocarcinoma consistently
demonstrated more than 50% (4�) positive cells,
primarily in the mononuclear trophoblast.

In normal placenta, Cdk2 was maximally ex-
pressed by first trimester trophoblast, and de-
creased with gestational age. The staining was pre-
dominantly found in the villous cytotrophoblast

basal layer. In all cases of GTD, including chorio-
carcinoma, Cdk2 was strongly expressed (4�).

E2F-1 was not detectable in placental trophoblast
at any gestational age. Partial moles showed less
than 10% positively stained trophoblast (1�). How-
ever, complete moles and choriocarcinomas dem-
onstrated moderate expression of E2F-1 (2�) (Fig.
2). In complete moles, both persistent and nonper-
sistent, staining was predominantly seen in the ex-
travillous trophoblast and the villous cytotropho-
blast basal layer.

Cyclin E was uniformly expressed at moderate
levels (2�) in all stages of normal placental devel-
opment. Staining was limited to the basal cytotro-
phoblast nuclei surrounding the villi. The syncy-
tiotrophoblast was generally negative. The staining
pattern found in partial moles was similar to that of
normally developing placental trophoblast and was
generally limited to the cytotrophoblast basal layer
(Fig. 3A). In addition, extravillous clusters of inter-
mediate trophoblast and cytotrophoblast were of-
ten positive. Complete moles and choriocarcinoma
expressed the largest number of positively stained
cells (4�) (Fig. 3, B-C). The persistent moles
showed diffuse staining of all cells in the villous
trophoblast, including syncytiotrophoblast, as well
as extravillous clusters.

p27kip1 was strongly expressed in the first trimester
normal placenta and showed a marked decline with
gestational maturation. It was overexpressed in par-
tial moles, moderately expressed in complete moles,
and only minimally expressed in choriocarcinoma
(Fig. 4, A–C). In partial moles, staining of the basal
cytotrophoblast layer was minimal or absent, whereas
the superficial layers and syncytiotrophoblast cells
were positive. In complete moles and choriocarci-
noma, the cytotrophoblast had minimal staining. The
positive nuclei were almost exclusively found in the
syncytiotrophoblast. The persistent moles demon-
strated a mixed cytotrophoblast and syncytiotropho-
blast staining pattern, often sparing the basal layer.

FIGURE 1. A, Strong Ki-67 staining (3�) primarily labels basal
cytotrophoblast nuclei surrounding villi of a partial mole. B, Strong
staining (4�) is limited to villous and extra-villous cytotrophoblast
nuclei of a complete mole. C, Cytotrophoblast nuclei of
choriocarcinoma show very strong expression (4�).
Syncytiotrophoblastic cells were generally negative (Immunoperoxidase,
�200).

FIGURE 2. Moderate E2F-1 expression (2�) was seen in
choriocarcinoma (Immunoperoxidase, �100).
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Paraffin-embedded blocks from seven moles (six
partial and one complete) were submitted for flow
cytometric analysis to supplement morphologic as-
sessment. A triploid DNA index supported the diag-
nosis of partial mole in all six cases examined. A
diploid index with a tetraploid population, confirmed
the diagnosis of complete mole in the remaining case.

DISCUSSION

The purpose of this study was to survey the ex-
pression patterns of the key cell cycle checkpoint
proteins Ki-67, E2F-1, cyclin E, Cdk2, and p27kip1

by immunohistochemistry in GTD and normal
placentas.

We observed a decrease in Ki-67-defined tropho-
blast proliferation as normal gestation progressed.
This finding has been previously reported, although
the studies have generally been limited to compar-
isons of first and third trimester placentas (23). We
observed higher levels of Ki-67 immunoreactivity in
first and second trimester placental villi than in
third trimester specimens. The largest numbers of
proliferating cells were seen in the abnormally de-
veloping trophoblast of complete moles, including

FIGURE 3. A, Moderate cyclin E staining (2�) is seen in the villous
cytotrophoblast of a partial mole. B, Strong staining (4�) was found in
complete moles, and in (C) choriocarcinoma (Immunoperoxidase,
�200).

FIGURE 4. A, Strong p27kip1 staining (4�) of superficial villous
trophoblast and syncytiotrophoblast was seen in partial moles, while
moderate staining (3�) was detected in complete moles (B). C, Only
rare (1�) syncytiotrophoblastic cells stained for p27kip1 in
choriocarcinoma (Immunoperoxidase, �200).
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persistent moles, and choriocarcinomas. Partial
moles contained fewer positive cells. Several re-
ports have noted differences between molar and
non-molar trophoblast, as well as differences be-
tween partial and complete moles, and have sug-
gested the evaluation of Ki-67 as a useful adjunct to
morphologic criteria for separating complete from
partial moles (24–26). We did not find differences in
proliferative activity between persistent and spon-
taneously resolving cases of complete mole.

The pRb/E2F-1 pathway is essential in the pas-
sage of cells through the G1 phase of the cell cycle.
Immunostaining for the presence of pRb often pro-
vides ambiguous information, because methods to
accurately distinguish between partially phosphor-
ylated and completely dephosphorylated states are
not currently available. Furthermore, in addition to
down-regulating cell-cycle progression, pRb has
also been found to play a key role in promoting cell
cycle exit during terminal embryonic differentiation
in many tissues (11, 27). The expression patterns of
cyclin E and Cdk2 would indeed suggest that pRb
plays a role in trophoblastic proliferations, because
these proteins are known to phosphorylate/inacti-
vate pRb and allow cell cycle progression.

Moderate expression levels of both Cdk2 and cy-
clin E were found throughout placental develop-
ment. In theory, one would expect E2F-1 levels to
parallel the appearance of cyclin E-Cdk2 com-
plexes, as E2F-1 is released from pRb. The absence
of E2F-1 in normal placental trophoblast may sim-
ply reflect low levels that were undetectable by our
methods. Alternatively in some systems, develop-
mental control of cell-cycle exit during differentia-
tion has been shown to require pRb but not E2F-1
(11). In the developing murine hematopoietic and
nervous systems, the role of pRb in cell-cycle exit
during differentiation occurs independently of
E2F-1 (11). This function is believed to occur
through the induction of tissue-specific survival
factors and other anti-apoptotic agents. E2F-1 was
not detected in the developing trophoblast of nor-
mal placenta suggesting that it may not be required
for cellular proliferation in normal development.

As would be expected, the highest levels of Cdk2
and cyclin E were found in the uncontrolled tro-
phoblastic proliferations of GTD. In addition, E2F-1
became detectable in the cytotrophoblast of partial
moles, whereas complete moles and choriocarci-
noma demonstrated moderate levels of expression
in mononuclear cells (cytotrophoblast and inter-
mediate trophoblast). Gene amplification of E2F-1
with increased expression of E2F-1 mRNA has been
observed in gastric and colorectal tumors com-
pared with their corresponding non-neoplastic mu-
cosas (28, 29). The appearance of E2F-1 in partial
and complete moles would indicate that it plays

an important role in neoplastic trophoblastic
proliferations.

Cell proliferation is influenced by the activation
of Cdks that occurs through cyclin binding. The
cyclin E-Cdk2 complex is essential for G1-S progres-
sion. As reported by others, we found cyclin E ex-
pression at moderate levels throughout normal pla-
cental development (20, 21, 30, 31). We did not
detect differences in the expression of cyclin E at
the different stages of normal placental develop-
ment. In most cases, the staining was limited to the
villous cytotrophoblast basal layer. Studies of third
trimester placenta have previously shown that the
highest levels of cyclin E expression are found in the
cytotrophoblast layer (30). In addition, correlation
between cyclin E and proliferative activity, as re-
flected by Ki-67 staining has been observed in nor-
mal placental development (20).

In our study, we found similar levels of cyclin E
overexpression in both complete moles and chorio-
carcinoma. Kim and colleagues, who looked exclu-
sively at cyclin E and compared hydropic placentas
to GTD (32), recently reported overexpression of
cyclin E in GTD. However, they found higher cyclin
E levels in choriocarcinoma than in complete
moles. Scoring methodology might account for this
difference. We found that partial moles did not
exhibit the same level of cyclin E overexpression
found in complete moles and choriocarcinoma.
Kim et al. also noted decreased levels in partial
moles, yet they were not able to demonstrate sta-
tistical significance. In general, we observed parallel
expression of Cdk2 with cyclin E, supporting the
expected interaction of these two regulators as a
complex. Overexpression of cyclin E has been re-
ported in a variety of malignancies, including squa-
mous cell carcinomas of lung and cervix, acute
lymphoblastic leukemia, and in gastric adenocarci-
noma, especially in deeply invasive tumors (32–37).
Our findings support an important role for cyclin E
in the development of GTD, including choriocarci-
noma. In our study, we included a subset of nine
persistent complete moles that behaved more ag-
gressively, but were unable to find any differences
from those that spontaneously resolved after
evacuation.

Furthermore, in all cases of GTD, cyclin E and
E2F-1 levels were expressed in a parallel fashion.
We detected moderate levels of E2F-1 and strong
overexpression of cyclin E in complete moles and
choriocarcinoma. The overexpression of cyclin E
may be related to increased binding and activation
by E2F-1 to the cyclin E gene promoter region (5).

High concentrations of Cdk2/cyclin E complexes
are known to phosphorylate p27kip1 complexes, re-
sulting in its degradation (14–16). In our study, the
lowest cyclin E levels in partial moles were associ-
ated with the highest levels of p27kip1, and in cho-
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riocarcinoma overexpression of cyclin E was asso-
ciated with a marked reduction of p27kip1. An
inverse relationship between cyclin E and p27kip1

has been found in a variety of neoplasms, including
thyroid and breast carcinomas, and non-Hodgkin
lymphoma (38–41). Although loss of p27kip1 has
been reported in various tumors, it has not been
previously reported in choriocarcinoma. The role of
cyclin E in facilitating cell cycle progression in com-
plete moles and choriocarcinoma seems to be de-
pendent on its ability to down-regulate the inhibi-
tor p27kip1. Our findings suggest that loss of p27kip1

tumor suppressor activity may be a necessary step
in the development of choriocarcinoma.

In summary, these data indicate that trophoblast
proliferation in moles may be regulated by interac-
tions between cdk2, cyclin E, and E2F-1. Higher
levels of cyclin E and E2F-1 expression in complete
moles may provide a useful adjunct for separating
these processes from partial moles. Our data also
included a subset of persistent moles, which behave
in a more aggressive fashion. We did not find any
differences in immunostaining patterns between
persistent moles and those that spontaneously re-
solved after evacuation. A previous study of cyclin E
in GTD suggested that cyclin E overaccumulation
might play a role in malignant transformation of
trophoblasts (32). Our data support this interpreta-
tion, and furthermore associate overexpression of
cyclin E with a loss of p27kip1.
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Book Review

Fuller GN, Goodman JC: Practical Review of
Neuropathology, 352 pp, Philadelphia, Lip-
pincott Williams & Wilkins, 2001 ($69.95).

Gregory N. Fuller and J. Clay Goodman intended
that their book, Practical Review of Neuropathol-
ogy, provide a conceptual framework of neuro-
pathologic diseases and depict essential ele-
ments of specific neurologic diagnoses. The
authors envision facilitating fruitful dialogue be-
tween the theoretical world of the basic scientist
and the practical world of the clinical investiga-
tor/practitioner by clarifying neuropathologic
topics using fundamental scientific principles.
This book is skillfully organized, and perspec-
tives (a logical approach to understanding) and
objectives are clearly outlined at the beginning of
each chapter. Abundant figures, tables, and pho-
tographs precisely illustrate key concepts as they
relate to a broad spectrum of specific neuro-
pathologic disorders. A short bibliography at the
end of each chapter cites the most significant
relevant references for a particular subject.

This review guides the reader to a better un-
derstanding of general scientific principles that
are the foundation of neuropathologic disease.
Medical students and residents studying for
board exams will find the format of this book

ideal for both learning and reviewing neuropa-
thology. Medical practitioners, researchers, and
educators who treat or study neurologic diseases
also will appreciate both the substance and style
of the presented material. The authors profess
that a unifying theme of neuropathology is that
all underlying processes can be understood in
terms of disorders of cell life (i.e., developmental
disease, neoplasia) or cell death (i.e., vascular
disease, neurodegenerative disease). Key fea-
tures of specific neuropathologic diseases and
practical pathologic concepts are presented us-
ing descriptive text, eloquent tables, succinct fig-
ures, and classic photographs of neuroradiologic
images, gross specimens, and histologic sections.
Practical Review of Neuropathology is an effec-
tive, well-illustrated review that is exceptionally
readable, using colorful language and subtle hu-
mor to keep the reader thoroughly engaged.
Neurology, pathology, and neurosurgery resi-
dents should consider using this text as their
primary study guide during their neuropathology
rotations.

Karen SantaCruz
University of Kansas School of Medicine
Kansas City, Kansas

1042 Modern Pathology


	Immunohistochemical Expression of Cell Cycle Proteins E2F-1, Cdk-2, Cyclin E, p27kip1, and Ki-67 in Normal Placenta and Gestational Trophoblastic Disease
	INTRODUCTION
	MATERIALS AND METHODS
	Tissues
	Immunohistochemical Methods
	Evaluation of Staining

	RESULTS
	DISCUSSION
	CONCLUSION
	References


