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Angiogenesis is a characteristic feature of solid tumors, which depend on the newly formed vasculature to

prevent hypoxia and to sustain uncontrolled tumor cell proliferation. In this study, we investigated the blood

supply system in 10 gestational choriocarcinomas on the basis of histopathological and immunohistochemical

features. In all examined cases, morphological analysis demonstrated that blood channels within the center of

choriocarcinomas were surrounded by neoplastic trophoblastic cells rather than by endothelial cells. Similarly,

there was a lack of CD31 and CD34-positive endothelial cells within choriocarcinomas. In the periphery

of choriocarcinomas, tumor cells invaded uterine stroma-derived blood vessels where trophoblastic cells

replaced endothelial cells, forming anastomoses between endothelium-lined blood vessels and trophoblast-

lined pseudovascular channels. Masson’s trichrome staining revealed minimal amounts of connective tissue

within choriocarcinomas. In contrast, CD31 and CD34-positive blood vessels were present in other types of

gestational trophoblastic neoplasms including 8 placental site trophoblastic tumors and 12 epithelioid

trophoblastic tumors. These findings provide cogent evidence that choriocarcinoma represents one of a few

human tumor types that utilizes vasculogenic mimicry by tumor cell in supporting tumor development.
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Among human carcinomas, gestational trophoblas-
tic neoplasia is unique because it is derived from
trophoblastic cells, which are of fetal origin,
and thus it represents a semiallograft in patients.
Gestational trophoblastic neoplasia includes chor-
iocarcinoma, placental site trophoblastic tumor,
and epithelioid trophoblastic tumor.1,2 Among
these, choriocarcinoma is the most common and, if
untreated, is clinically aggressive, and is associated
with the development of widespread metastasis and
high mortality.3 Choriocarcinoma frequently follows
a complete hydatidiform mole which is character-
ized by exaggerated trophoblastic hyperplasia.4

Previous morphological and immunohistochemical
studies have suggested that choriocarcinoma
develops as a result of neoplastic transformation
of trophoblastic stem cells, presumably the cytotro-
phoblast.1,5 The neoplastic cytotrophoblastic cells,
like normal cytotrophoblasts on the villous surface

of early placentas, differentiate into either extra-
villous (intermediate) trophoblast responsible
for establishing the implantation site, or differen-
tiate into syncytiotrophoblast which functions as a
hormonal organ and regulates molecular exchange
across the fetal–maternal interface. As a result,
choriocarcinoma is morphologically composed of
variable amounts of neoplastic cytotrophoblast,
syncytiotrophoblast, and extravillous (intermediate)
trophoblast, which, in aggregate, comprise the
characteristic features of the ‘biphasic’ pattern
(mononucleate trophoblast alternating with syncy-
tiotrophoblast) of choriocarcinoma.

In recent years, progress has been made toward
elucidating the biology of human trophoblast in-
cluding the differentiation of distinct trophoblastic
sub-populations and their physiological integration
during development.6–8 The identification and
characterization of the genes expressed in human
trophoblast have enhanced our understanding of the
lineage and differentiation program of trophoblast
and its relationship to trophoblastic tumors and
tumor-like lesions.9 Molecularly, several genes
and pathways have been reported to participate
in the pathogenesis of choriocarcinoma. These
include epidermal growth factor (EGF) receptor,10
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DOC-2/hDab2 (a candidate tumor suppressor
gene),11 the ras GTPase activating protein,12 c-myc,
c-erb-2, c-fms, and bcl-2 oncoproteins.13 It has been
demonstrated that trophoblastic cells in normal
placentas and gestational trophoblastic neoplasia
upregulate HLA-G expression. In fact, among human
cancers analyzed, gestational trophoblastic neo-
plasia—including choriocarcinoma—contains the
highest levels of HLA-G expression.14 A plausible
hypothesis is that HLA-G expressed by choriocarci-
nomas assists the escape of tumor cells from host
immune recognition and promotes tumor growth.15

In normal placenta, syncytiotrophoblast covering
the surface of chorionic villi has an important role
in molecular exchange, including oxygen exchange,
across the maternal and fetal interface. The en-
dothelial cell-like functions of syncytiotrophoblast
suggest that in choriocarcinoma, in which syncytio-
trophoblast is abundantly present, syncytiotro-
phoblast may be responsible for blood supply
and circulation. Thus, trophoblastic cells likely

substitute for angiogenesis in the development of
choriocarcinoma. To test this interesting hypothesis,
we conducted a morphological and immunohisto-
chemical study on gestational choriocarcinomas
of the uterus. For comparison, we also examined
other gestational trophoblastic neoplasia including
placental site trophoblastic tumor and epithelioid
trophoblastic tumor, which lack the syncytiotropho-
blastic component.

Materials and methods

Tissue Material

Paraffin-embedded tissues of uterine choriocarcino-
mas were collected in the Department of Pathology,
the Johns Hopkins Hospital, Maryland, and National
Taiwan University Hospital. All cases were anon-
ymous and were obtained from patients in accor-
dance with the guidelines of the institutional review
board. We selected 10 choriocarcinomas on the basis

Figure 1 Photomicrographs of choriocarcinomas (hematoxylin and eosin stain). (a) At low magnification, blood lakes or channels are
haphazardly dispersed within the choriocarcinoma. (b) Medium magnification shows pseudovascular channels surrounded by
syncytiotrophoblast (arrowheads). Red blood cells are present in the lumen. (c, d) Higher magnification views of two different
choriocarcinomas. The blood channels or lakes are lined by syncytiotrophoblast (arrowheads), which surrounds mononucleate
trophoblastic cells. No morphological evidence of endothelial cells is detected.
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of the presence of at least one tumor area showing
a sizable lesion that would allow assessing
the presence of vascular channels in the center of
the tumor. Cases with small fragments of choriocar-
cinoma or with massive hemorrhage and necrosis
were not included because of the concern that these
tumors would only contain the periphery of the
choriocarcinoma, and the center of the tumor would
not be available for study. Two blocks were studied
in each of five choriocarcinomas and one block
was available to study in the remaining five cases.
In addition, we also identified 12 placental site
trophoblastic tumors and 10 epithelioid trophoblas-
tic tumors that were included in this study.
Hematoxylin and eosin (H&E)-stained sections were
prepared from all cases for histopathological exam-
ination using the standard protocol.

Immunohistochemistry and Masson’s Trichrome
Staining

We used CD31/PECAM-1 and CD34 as markers for
endothelial cells. Immunohistochemistry for CD31
and CD34 was performed using a Ventana Bench-
mark device with provided Ventana kits (Ventana,
Tucson, AZ, USA) following the standard protocol.
A positive reaction was detected by development
with 3,30-diaminobenzidine. Masson0s trichrome

staining was used to identify connective tissues in
choriocarcinoma.

Tumor Xenografts in Mice

Both JEG3 and JAR choriocarcinoma cell lines were
obtained from American Tissue Collection Center
(Rockville, MD, USA). The cells were cultured in
RPMI1640 supplemented with 5% fetal bovine
serum. Cells grown to a subconfluent density were
harvested and were injected into the subcutaneous
tissue of athymic nu/nu mice (5� 106 cells per
injection, 5 mice per cell line). Two weeks after
tumor injection, tumor xenografts were excised,
fixed in formalin, and H&E sections were prepared
for histological examination.

Results

Based on H&E staining, we observed that the spaces
filled with red blood cells within the center of a
choriocarcinoma were completely surrounded by
trophoblastic cells, most commonly by syncytiotro-
phoblasts (Figure 1). There was no morphological
evidence of endothelial cells surrounding the blood
space. This finding was observed in all 10 chorio-
carcinomas examined. In contrast, endothelium-lined

Figure 2 Vascular channels in the border of a choriocarcinoma. (a, b) Blood vessels (BV) lined by endothelial cells (arrowheads) are
identified outside the tumor and are in direct communication with choriocarcinoma (circles).
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vascular channels were detected in the uterine stroma
outside the tumor. A careful examination of the
border of choriocarcinomas demonstrated an inti-
mate anastomosis between endothelium-lined and
trophoblast-lined blood channels (Figure 2). This
morphological finding suggested the possibility that
the center of choriocarcinomas was devoid of new
blood vessel formation as tumor developed. There-
fore, we stained all cases with antibodies against
two well-established endothelial cell markers, CD31
and CD34, and stained five representative cases with
Masson’s trichrome stain to detect connective tissue.
We found that CD31 and CD34-positive blood
vessels were present outside the tumor and in the
periphery of the tumor mass (Figure 3). Similarly,
connective tissue was only detected outside the
choriocarcinoma (Figure 3). At higher magnifica-
tion, choriocarcinoma cells which had invaded into
CD31 and CD34-positive blood vessels and which
had partially replaced the endothelial cells at the
margins of the tumors could be seen (Figure 4). In
contrast to the findings in choriocarcinoma, en-
dothelium-lined CD31 and CD34-positive blood
vessels were found in the center of tumor nodules
of all placental site trophoblastic tumors and
epithelioid trophoblastic tumors that were exam-
ined (Figure 5).

We next injected JEG3 and JAR choriocarcinoma
cells into the subcutaneous tissues of immunocom-
promised nu/nu mice to determine whether a
similar histological pattern occurred in human
choriocarcinoma xenografts. Both choriocarcinoma
cell lines produced tumors within 1 week. Histo-
logical examination of the xenografts revealed poorly
differentiated tumor mass without discernable
trophoblastic differentiation (data not shown). In
particular, there was no evidence of syncytiotropho-
blastic cells. The tumors were highly angiogenic as
intratumoral blood vessels could be easily detected
throughout the tumor in all specimens. Thus, the
histopathological features of choriocarcinoma xeno-
grafts were strikingly different from the histopatho-
logical features found in surgical specimens from
choriocarcinoma patients.

Discussion

The results presented above have several biological
implications in studying choriocarcinoma. In hu-
man solid tumors, lack of angiogenesis is a very rare
event and was initially reported in melanomas and
occasionally in other non-melanoma cancers includ-
ing breast, ovarian, prostate, and renal clear cell

Figure 3 View of a uterine choriocarcinoma showing the junction between the choriocarcinoma and normal uterine tissue (low
magnification). (a) CD31-stained section demonstrates CD31-positive blood vessels outside the choriocarcinoma whereas there is no
evidence of CD31 immunoreactivity inside the tumor. (b) Masson’s trichrome stain shows abundant connective tissue (blue) in the
uterine tissue, but little within the choriocarcinoma. The red staining indicates cellular components.
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carcinomas.16 Blood circulation was established in
those tumors by creating vascular channels lined by
tumor cells, and this process has been termed as
‘vasculogenic mimicry’, which underscores the
de novo generation of vascular channels without
involvement of non-neoplastic endothelial cells.17,18

With vasculogenic mimicry, it is thought that tumor
cells are able to sustain tumor growth and, to some
extent, prevent tumor hypoxia. Thus, choriocarci-
noma represents another example of human neo-
plastic diseases featuring vasculogenic mimicry, but
unlike other tumor types, vasculogenic mimicry in
choriocarcinoma occurs in all cases examined,
indicating that vasculogenic mimicry is a general
phenomenon associated with choriocarcinoma.

In this study, we found that the tumor-formed
pseudovascular channels in choriocarcinomas were
contiguous with the endothelial cell-lined blood
vessels surrounding the tumor mass, suggesting that
choriocarcinoma cells invade adjacent blood vessels
and drain blood into the intercellular space within
choriocarcinoma. Indeed, the vascular channels
lined by both endothelial and trophoblastic cells

were clearly visible in the tumor–uterine interface.
As choriocarcinoma did not contain a substantial
amount of connective tissue as evidenced by the
Masson’s trichrome stain, it can be concluded that
choriocarcinoma lacks underlying matrix support
and it is possible that the blood flow from uterine
vessels creates haphazard labyrinth-like pseudovas-
cular channels. The observation that the pseudovas-
cular channels were lined in almost all cases
by syncytiotrophoblast rather than cytotrophoblast
and extravillous (intermediate) trophoblast is remi-
niscent of trophoblastic ingrowth into endometrium
following blastocyst implantation, in which syncy-
tiotrophoblast located at the implantation pole
encapsulates cytotrophoblast and directly invades
into the implantation site.19 The capacity of syncy-
tiotrophoblast to perform endothelium-like func-
tions such as controlling substrate exchange
across the villous surface has been established.20,21

Thus, choriocarcinoma assumes the physiology of
normal trophoblast and operates its blood supply
through tumor syncytiotrophoblast-formed blood
vessels. To assess whether syncytiotrophoblast is

Figure 4 CD31 immunostaining on choriocarcinomas. (a–c) Blood vessels are infiltrated by choriocarcinoma cells and the CD31-positive
endothelial cells are partially replaced by tumor cells. (d) CD31 staining fails to detect CD31-positive endothelial cells in the center of a
choriocarcinoma.
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critically associated with pseudovascularization,
we also analyzed other gestational trophoblastic
neoplasia including placental site trophoblastic
tumor and epithelioid trophoblastic tumor because
in these tumors the trophoblastic cells are of
intermediate trophoblastic type and, unlike cytotro-
phoblastic cells, do not generally differentiate into
syncytiotrophoblast.1,22 Our finding that CD31 and
CD34-positive blood vessels were present in pla-
cental site trophoblastic tumor and epithelioid
trophoblastic tumor indicates that angiogenesis
occurs in both types of gestational trophoblastic
neoplasia and supports the view that choriocarci-
noma is different from placental site trophoblastic
tumor and epithelioid trophoblastic tumor. More-
over, although originally derived from choriocarci-
nomas, both JEG3 and JAR tumor xenografts in
mice did not exhibit any morphological features
of human choriocarcinoma. Choriocarcinoma
xenografts were composed exclusively of undiffer-
entiated tumor cells without differentiation into
syncytiotrophoblast. Moreover, there was remark-
able angiogenesis in those tumor xenografts. These
findings suggest that syncytiotrophoblast may facil-
itate the formation of vasculogenic mimicry in
choriocarcinoma.

It is not known whether the absence of angiogen-
esis in choriocarcinoma is a result or a cause of
the lack of connective tissues in choriocarcinoma.

However, one plausible hypothesis is that tumor
stroma is not generated during the development of
choriocarcinoma because vasculogenic mimicry by
neoplastic trophoblastic cells is sufficient to support
the growth of the choriocarcinoma. Alternatively,
the rapid and expansile growth of choriocarcinoma
may not allow for the typical infiltrative pattern of
spread into connective tissue as seen in many other
neoplasms. Nevertheless, the blood and oxygen
supply in choriocarcinoma may not be as effective
as the supply provided through true angiogenesis
as occurs in other solid tumors. Without the support
of connective tissue, the trophoblastic cell-lined
vascular space may be prone to collapse as a result
of expansible growth or necrosis of tumor cells
compromising local blood circulation. Thus, tumor
cells in a choriocarcinoma are more vulnerable to
ischemic changes that frequently result in massive
tumor necrosis and hemorrhage, which are the main
histopathological features that characterize most
choriocarcinomas and which have been used as
diagnostic criteria for this tumor.22 In fact, it is not
unusual to encounter a choriocarcinoma with a
substantial amount of hemorrhage and necrosis in
the center and only a few layers of viable tumor cells
located in the tumor margins.

In conclusion, this study provides evidence that
choriocarcinoma lacks new blood vessel formation
in the center of the tumor. Rather, a choriocarcinoma

Figure 5 The presence of CD31-positive blood vessels (brown staining) in representative placental site trophoblastic tumor (PSTT) and
epithelioid trophoblastic tumor (ETT). Both types of gestational trophoblastic neoplasia show scattered blood vessels inside the tumors.
Connective tissue stroma is also detected in the tumors.
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establishes its own intricate pseudovascular net-
works that are lined by syncytiotrophoblastic cells
rather than by endothelial cells. It remains to be
determined why angiogenesis fails to occur during
choriocarcinoma evolution. It would be intere-
sting to determine whether syncytiotrophoblastic
differentiation in choriocarcinoma is required for
vasculogenic mimicry. Finally, the utilization of
vasculogenic mimicry, which is less effective than
bona fide angiogenesis, can also explain the massive
hemorrhage and necrosis that are frequently asso-
ciated with choriocarcinoma.
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