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SUMMARY: We recently identified two novel aminopeptidases, placental leucine aminopeptidase (P-LAP) and adipocyte-
derived leucine aminopeptidase (A-LAP). Enzymatically, P-LAP degrades oxytocin, vasopressin, and angiotensin III, while A-LAP
degrades angiotensin II and kallidin. In this study we investigated the expression and localization of P-LAP and A-LAP in human
trophoblastic cells in the normal placenta (n � 26), gestational choriocarcinoma (n � 8), and placental site trophoblastic tumor
(n � 3). On immunoblot analysis both P-LAP and A-LAP proteins were detected in normal placenta and five choriocarcinoma
tissues, as well as in two choriocarcinoma cell lines. Immunohistochemical staining of normal placental tissues demonstrated that
P-LAP was not only localized in villous syncytiotrophoblasts but also highly expressed in extravillous trophoblasts (EVTs) invading
the decidua or maternal spiral arteries. The expression level of P-LAP on these invasive EVTs reached a maximum during the late
first to second trimesters of pregnancy, and it decreased in the third trimester. Similarly, A-LAP was strongly expressed in EVTs
invading the decidua or spiral arteries in the second trimester of pregnancy, while it was weakly or moderately expressed in villous
cytotrophoblasts or EVTs located in the cell columns. These two aminopeptidases were more strongly expressed in all eight
choriocarcinomas and three placental site trophoblastic tumors and mainly localized to the intermediate-type trophoblastic tumor
cells invading the uterine myometrium or stromal vessels. In summary P-LAP and A-LAP were predominantly expressed in the
invasive phenotype of EVTs during placentation, as well as in the invasive tumor cells of trophoblastic neoplasms. These results
suggest the involvement of these aminopeptidases in invasiveness of both normal and malignant intermediate-type trophoblasts
possibly through degradation of specific peptide substrates. (Lab Invest 2003, 83:1799–1809).

D uring early placental development, a dual path-
way of trophoblastic differentiation exists. Villous

cytotrophoblasts differentiate and fuse to form
multinucleated syncytiotrophoblasts, which produce
pregnancy-associated hormones and proteins. In
contrast, cytotrophoblasts in anchoring villi proliferate
to form cell columns and differentiate into
intermediate-type trophoblasts, which are called ex-
travillous trophoblasts (EVTs) (Kaufmann and Castel-
lucci, 1997). These EVTs are reported to acquire
invasive ability at the distal end of the cell column and
infiltrate the decidual tissue into the shallow portion of
uterine myometrium during placentation (Zhou et al,
1997). They also invade the maternal spiral arteries in

the decidua, which results in the establishment of the
maternal-fetal circulation (Pijnenborg et al, 1983). In-
sufficient or excessive trophoblast invasion occurs in
various pathologic conditions, such as pre-eclampsia
or trophoblastic neoplasms including choriocarci-
noma and placental site trophoblastic tumor (PSTT).
Recently, the classification of EVTs has been estab-
lished, and they are divided into two groups: prolifer-
ative phenotype and invasive phenotype (Kaufmann
and Castellucci, 1997). The former includes EVTs
located in the anchoring cell columns, while the latter
consists of two subgroups: interstitial EVTs migrating
in the decidua and vascular EVTs invading maternal
spiral arteries and replacing endothelial cells.
Although it has been suggested that various factors

such as oxygen environment (Caniggia et al, 2000a;
Zhou et al, 1998), extracellular matrix components and
matrix metalloproteases (Damsky et al, 1992; Hup-
pertz et al, 1998), and several cell adhesion molecules
(Damsky et al, 1994; Floridon et al, 2000; Shih et al,
2002; Shih and Kurman, 1996) might be involved in
proliferation, invasion, and differentiation of EVTs dur-
ing the process of implantation and placentation, their
regulatory mechanisms are complex and remain con-
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troversial. Recent studies have shown that the human
utero-placental unit produces a wide range of impor-
tant peptides, including endothelin-1, angiotensin II,
oxytocin, and gonadotropin-releasing hormone, which
require an intricate balance for regulation of tropho-
blast functions and successful placentation (Cassoni
et al, 2001; Chakraborty et al, 2003; Chou et al, 2002;
Page et al, 2002; Xia et al, 2002). Thus, cell-surface
peptidases, which metabolize bioactive peptides and
modulate their receptor binding and signal transduc-
tion, might be involved in the regulation of EVT migra-
tion and invasion. However, there has been only one
report on the association of cell-surface peptidase
with EVTs, which showed that dipeptidyl peptidase IV
(DPPIV) was expressed in noninvasive EVTs (Sato et
al, 2002).
We have purified several peptidases from human

placenta, including placental leucine aminopeptidase
(P-LAP, EC 3.4.11.3) (Mizutani et al, 1994; Tsujimoto
et al, 1992). Our cloning study found that P-LAP is a
165-180–kd type-II membrane-spanning metallopro-
tease (Rogi et al, 1996), which is a homolog of rat
insulin-regulated aminopeptidase (Keller et al, 1995).
In addition, we have recently cloned a novel human
aminopeptidase termed adipocyte-derived leucine
aminopeptidase (A-LAP) from a human adipose tissue
cDNA library (Hattori et al, 1999). A-LAP is a 105-
110–kd zinc-dependent aminopeptidase with signifi-
cant homology (43%) to P-LAP, and it is a homolog of
mouse puromycin-insensitive leucyl-specific amino-
peptidase (Miyashita et al, 2002) or endoplasmic re-
ticulum aminopeptidase associated with antigen pro-
cessing (ERAP1) (Saric et al, 2002; Serwold et al,
2002). Enzymatically, P-LAP degrades oxytocin, vaso-
pressin, and angiotensin III (Tsujimoto et al, 1992),
while A-LAP degrades angiotensin II and kallidin (Hat-
tori et al, 2000). We showed that both P-LAP and
A-LAP were widely distributed to various human tis-
sues, including the placenta (Hattori et al, 1999; Rogi
et al, 1996), and P-LAP was localized to syncytiotro-
phoblasts in placental villi (Nagasaka et al, 1997;
Nomura et al, 2002). However, to date, our attention
has been focused only on these placental aminopep-
tidases in villous trophoblasts, although their expres-
sion and function in EVTs have not yet been studied.
In the present study, we investigated the immuno-

histochemical localization of P-LAP and A-LAP in
human placental trophoblasts, especially focusing on
their expression in EVTs at different gestational ages.
In addition, we evaluated the expression of these
aminopeptidases in two types of trophoblastic neo-
plasms, choriocarcinoma and PSTT, both of which
included neoplastic intermediate-type trophoblastic
cells that are phenotypically similar to the EVTs.

Results

Immunoblot Analysis for Protein Expression of P-LAP and
A-LAP

To examine the protein expression of P-LAP and
A-LAP, immunoblot analysis was performed in tropho-

blastic tissues and cell lines (Fig. 1). P-LAP protein
was detected as an approximately 180-kDa band in
second trimester normal placental tissue, while A-LAP
protein was detected as a 110-kDa band in the same
placental tissue. Tissue samples of five uterine chori-
ocarcinomas (corresponding to patient numbers 1 to 5
in Table 2) were also examined for P-LAP and A-LAP
expression by immunoblot analysis. Both of the pro-
teins were detected at various levels in all choriocar-
cinoma tissues. In addition, both P-LAP and A-LAP
were expressed in two choriocarcinoma cell lines,
BeWo and JEG3.

Immunohistochemical Expression of A-LAP and P-LAP in
EVTs of Normal Pregnancies

We investigated the expression and localization of
A-LAP and P-LAP in EVTs by immunohistochemistry
using formalin-fixed, paraffin-embedded tissue sec-
tions. EVTs were clearly detected by immunostaining
using anti-CK7 mAb, which distinguished EVTs from
decidual cells (Fig. 2, A, D, G, and J).
In the first trimester of pregnancy (n � 8), A-LAP

immunoreactivity was detected in EVTs located in
both proximal and distal cell columns of the anchoring
villus and also in some interstitial EVTs located in the
decidua (Fig. 2B). In contrast, P-LAP immunoreactivity
was almost absent in the proximal cell column; how-
ever, it was detected in EVTs migrating from the distal
cell column into the decidual layers (Fig. 2C). In the
second trimester of pregnancy (n � 9), both A-LAP
and P-LAP were expressed in interstitial EVTs invad-
ing the decidua (Fig. 2, E and F). The marked expres-
sion of A-LAP and P-LAP were also detected in
vascular EVTs existing around the maternal spiral
arteries (perivascular EVTs) or invading the vessel
walls and replacing the endothelial cells (endovascular

Figure 1.
Immunoblot analysis for protein expression of placental leucine aminopepti-
dase (P-LAP) and adipocyte-derived leucine aminopeptidase (A-LAP) in
trophoblastic tissues and cell lines. P-LAP was detected as a 180-kDa band,
while A-LAP was detected as a 110-kDa band. Lane 1, 18-week normal
placenta; Lanes 2 to 6, five different choriocarcinoma tissues obtained from
patient numbers 1 to 5 as shown in Table 2; Lane 7, BeWo cells; and Lane 8,
JEG3 cells.
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EVTs) (Fig. 2, H and I). In the third trimester of
pregnancy (n � 9), both aminopeptidases were still
detected in some interstitial and vascular EVTs at
weak or focally moderate levels (Fig. 2, K and L). The
expression pattern of these aminopeptidases was
mainly cytoplasmic but occasionally mixed with the
membranous pattern.

The expression and localization of A-LAP and
P-LAP in villous trophoblasts and EVTs are summa-
rized in Table 1. In floating villi, P-LAP was stably
expressed at a moderate level on the apical surface of
syncytium throughout gestation as previously re-
ported (Nomura et al, 2002), whereas A-LAP was
weakly expressed in cytotrophoblasts. In contrast,
both aminopeptidases were strongly expressed in the
invasive phenotype of EVTs invading the decidua or
maternal spiral arteries during the process of placen-
tation from the first to the second trimester of preg-
nancy, although A-LAP was also expressed in the
proliferative EVTs of the cell columns at weak to
moderate levels.

Immunohistochemical Expression of A-LAP and P-LAP in
Choriocarcinoma and PSTT

To examine whether A-LAP and P-LAP were ex-
pressed not only in EVTs of normal pregnancy but also
in neoplastic trophoblasts of gestational trophoblastic
tumors, immunohistochemical analysis was per-
formed on formalin-fixed, paraffin-embedded tissue
sections of choriocarcinoma (n � 8) and PSTT (n � 3).

In noninvasive lesions of uterine choriocarcinoma,
immunoreactivities of A-LAP and P-LAP were weakly
or moderately detected in the cytoplasm of the inter-
mediate and cytotrophoblastic but not syncytiotro-
phoblastic, choriocarcinoma cells (Fig. 3, A and B). In
the lesions of vascular invasion of intermediate-type
choriocarcinoma cells, both A-LAP and P-LAP were
strongly expressed (Fig. 3, C and D). Both aminopep-
tidases were also strongly expressed in the
intermediate-type choriocarcinoma cells at the inva-
sive edge of lung metastasis lesions (Fig. 3, E and F).

In the lesions of PSTT, A-LAP and P-LAP were
focally expressed in mononuclear or occasionally
multinucleated intermediate trophoblastic cells (Fig. 4,
A and B). In contrast, both aminopeptidases were
strongly and diffusely expressed in PSTT cells infiltrat-
ing uterine myometrium in a scattered pattern or
invading some stromal vessels (Fig. 4, C and D).
Finally, in lung metastasis lesions of PSTT, both en-
zymes were localized to the invading PSTT cells that
surrounded adjacent vessels (Fig. 4, E and F).

The staining pattern in choriocarcinoma and PSTT
was predominantly cytoplasmic and granule-like but
focally membranous, which was similar to the pattern
shown in invasive EVTs. The results of immunohisto-
chemical expression are summarized in Table 2. Both
aminopeptidases were expressed in all eight chorio-
carcinomas and in all three PSTTs examined, includ-
ing the lung or liver metastasis lesions. In most cases
the expression levels were strongly or moderately
positive and weakly positive in only one case for each

aminopeptidase. There was no specific difference in
the expression pattern and intensity between the two
aminopeptidases in choriocarcinoma and PSTT.

Subcellular Localization of P-LAP in Trophoblastic Cells

To clarify the subcellular localization of P-LAP, placen-
tal tissue homogenate was fractionated by differential
centrifugation, and immunoblot analysis was per-
formed. As shown in Figure 5, the bulk of P-LAP was
found in the microsomal fraction, with a minimal
amount in the cytosolic fraction. Furthermore, immu-
nofluorescence staining of BeWo cells showed that
P-LAP was located mainly in vesicular structures in
the cytoplasm, partially similar to the KDEL localiza-
tion in the endoplasmic reticulum (ER), but the enzyme
was also focally detected on the cell membrane (Fig.
6). These results suggest that P-LAP is localized on
the membrane of intracellular vesicles and could be
translocated to the cell surface, while A-LAP is mainly
located in the ER vesicle as an ER aminopeptidase as
previously reported (Saric et al, 2002).

Discussion

In the current study, we demonstrated immunohisto-
chemical expression and localization of the recently
cloned two novel aminopeptidases, P-LAP and
A-LAP, in trophoblastic cells in normal placenta as
well as in trophoblastic tumors. As we previously
reported, P-LAP was expressed on the apical surface
of villous syncytium at a stable level throughout ges-
tation, where P-LAP is considered to work as an
oxytocinase for the regulation of labor pains (Nomura
et al, 2002). In addition, our immunohistochemistry
demonstrated that A-LAP was weakly or focally ex-
pressed on cytotrophoblasts in the floating villi, al-
though its significance remains to be clarified.

In contrast to their differential localization in villous
trophoblasts, both P-LAP and A-LAP were predomi-
nantly localized to the interstitial EVTs migrating in the
decidua and also to the vascular EVTs invading the
maternal spiral arteries. Furthermore, the expression
levels of P-LAP and A-LAP on the invasive phenotype
EVTs increased in the late first trimester of pregnancy
and reached a maximum in the second trimester, and
then decreased to lower levels in the third trimester. It
is well known that the maximal invasive activity of
interstitial EVTs occurs in the late first trimester peak-
ing at around 10 to 12 weeks (Caniggia et al, 2000b),
and the invasion of vascular EVTs into the spiral
arteries is established at around 16 to 18 weeks
(Pijnenborg et al, 1983). Therefore, the expression and
localization of the two aminopeptidases presented in
our study appear to be associated with EVT migration
and invasion during the process of placentation.

It remains to be clarified how P-LAP and A-LAP
contribute to the regulation of EVT functions. Enzy-
matically, aminopeptidases commonly hydrolyze
N-terminal amino acids of peptide substrates, but
each aminopeptidase has a strict substrate specificity.
Namely, P-LAP specifically degrades oxytocin, vaso-
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pressin, and angiotensin III (Tsujimoto et al, 1992),
while A-LAP degrades angiotensin II and kallidin (pre-
cursor of bradykinin) (Hattori et al, 2000). Among the
possible target peptides, angiotensin II and its recep-
tors are present in both EVTs and decidual cells as the

local renin-angiotensin system (Cooper et al, 1999; Li
et al, 1998; Vinson et al, 1997). Furthermore, Xia et al
(2002) reported that angiotensin II inhibited human
trophoblast invasion via synthesis of plasminogen
activator inhibitor-1. Because both P-LAP and A-LAP
are involved in the metabolism of angiotensins, these
aminopeptidases could modulate the local concentra-
tions of angiotensins and their receptor bindings,
which may contribute to the regulation of EVT migra-
tion and invasion. It is also speculated that both
aminopeptidases expressed on endovascular EVTs in
spiral arteries may contribute to the vasodilation and
maintenance of uteroplacental blood flow through
inactivation of angiotensin II (vasoconstrictor) and
generation of bradykinin (vasodilator). Contrary to
P-LAP or A-LAP, DPPIV, the aminopeptidase cleaving
certain chemokines, was selectively expressed in the
noninvasive phenotype EVTs, and down-regulation of
DPPIV was associated with EVT invasion (Sato et al,
2002). Our previous studies also showed that neutral
endopeptidase (NEP), another peptidase degrading
endothelin-1 that is one of the peptides promoting
EVT invasion (Chakraborty et al, 2003), was expressed
in differentiated syncytiotrophoblasts but not in inva-
sive EVTs (Ino et al, 2000; Uehara et al, 2001). Thus,
whether these peptidases function as a positive or
negative regulator of the invasiveness of EVT appears
to be dependent on the type of target peptide sub-

Table 1. Expression and Localization of A-LAP and P-LAP in VT and EVT in the First, Second, and Third Trimester of
Pregnancy by Immunohistochemistrya

Villous trophoblast
Proliferative

phenotype EVT Invasive phenotype EVT

Syncytium Cytotrophoblast
Proximal
column

Distal
column Interstitial Perivascular Endovascular

First trimester (n � 8)b

A-LAP � � � � � �/� nd
P-LAP � � � � �� �/� nd

Second trimester (n � 9)
A-LAP � � � � �� �� �
P-LAP � � � � �� �� ��

Third trimester (n � 9)
A-LAP � �/� nd nd � � �
P-LAP � � nd nd �/� � �

A-LAP, adipocyte-derived leucine aminopeptidase; EVT, extravillous trophoblast; P-LAP, placental leucine aminopeptidase; VT, villous trophoblast.
a Expression intensity was scored as follows: �, negative (no positive cells); �/�, weakly or focally positive (� 30% positive cells); �, moderately positive (30%

to 70% positive cells); ��, strongly or diffusely positive (� 70% positive cells); nd, not determined because of the absence of trophoblasts in this site.
b Four samples with gestational ages � 9 wk obtained from dilation and currettage could not be evaluated on invasive EVTs because of lack of consecutive sections

from anchoring villi to decidua.

Table 2. Immunohistochemical Expression of A-LAP and
P-LAP in Neoplastic Trophoblasts of Gestational
Choriocarcinomas and PSTTsa

Patient
no.

Pathologic
diagnosis Site A-LAP P-LAP

1 Choriocarcinoma Uterus � �
2 Choriocarcinoma Uterus � ��
3 Choriocarcinoma Uterus � �
4 Choriocarcinoma Uterus �� ��
5 Choriocarcinoma Uterus � ��
6 Choriocarcinoma Uterus �/� �
7 Choriocarcinoma Lung metastasis �� ��
8 Choriocarcinoma Liver metastasis � �/�
9 PSTT Uterus �� ��
10 PSTT Uterus � �
11 PSTT Lung metastasis �� ��

A-LAP, adipocyte-derived leucine aminopeptidase; P-LAP, placental leucine
aminopeptidase; PSTT, placental site trophoblastic tumor.

a Expression intensity was scored as follows: �, negative (no positive cells);
�/�, weakly or focally positive (� 30% positive cells); �, moderately positive
(30% to 70% positive cells); ��, strongly or diffusely positive (� 70%
positive cells).

Figure 2.
Immunohistochemical expression of adipocyte-derived leucine aminopeptidase (A-LAP) and placental leucine aminopeptidase (P-LAP) in extravillous trophoblasts
(EVTs) of normal pregnancies at 12-wk (A to C), 15-wk (D to F), 18-wk (G to I), and 37-wk gestation (J to L). EVTs were identified by immunostaining with anti-CK7
antibody (A, D, G, and J). At 12-wk gestation, A-LAP and P-LAP were predominantly expressed in EVTs at the distal cell columns and in some interstitial EVTs
(arrowheads in B and C), while P-LAP immunoreactivity in the proximal cell columns was almost absent (arrow in C). At 15-wk gestation, both A-LAP and P-LAP
were strongly expressed in interstitial EVTs invading the decidua (arrowheads in E and F). At 18-wk gestation, A-LAP and P-LAP were detected in vascular EVTs
around/intra maternal spiral vessels (arrowheads in H and I). At 37-wk gestation, both aminopeptidases were expressed in some vascular and interstitial EVTs at low
levels (arrowheads in K and L), while P-LAP was detected in syncytiotrophoblasts in floating villi (arrow in L). AV � anchoring villus; Col � cell column; Dec �
decidua; IT � interstitial EVT; MV � maternal vessel; VT � vascular EVT; FV � floating villi. Original magnifications: �200 (A to I) and �100 (J to L).
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strates. Furthermore, the balance among the pepti-
dases may be important for successful placentation.

Our present data showed that both P-LAP and
A-LAP were expressed in all choriocarcinoma and
PSTT tissues examined, and their expression levels
were mostly higher than those of EVTs. Furthermore,
both aminopeptidases were predominantly localized
to intermediate trophoblastic cells invading the uterine
myometrium, stromal vessels, or lung tissues. These
results suggest that P-LAP and A-LAP may be in-
volved not only in the normal EVT invasion but also in
the invasion of neoplastic trophoblast. We have re-

cently reported that overexpression of P-LAP in endo-
metrial cancer cells showed a higher growth and
invasive activity (Suzuki et al, 2003). In addition, P-
LAP–transfected ovarian cancer cells showed a higher
invasive activity via increasing matrix metallopro-
teases–2 expression (Shibata et al, unpublished data).
On the other hand, we reported that overexpression of
DPPIV in ovarian cancer cells resulted in decreased
invasive potential and reduced matrix metallopro-
teases–2 expression (Kajiyama et al, 2002, 2003). Our
preliminary experiment also showed that DPPIV was
weakly or faintly expressed in invasive lesions of

Figure 3.
Immunohistochemical expression of adipocyte-derived leucine aminopeptidase (A, C, and E) and placental leucine aminopeptidase (B, D, and F) in choriocarcinoma
tissues. (A and B) Noninvasive lesions of uterine choriocarcinoma. (C and D) Choriocarcinoma invading the myometrium and stromal vessels. (E and F) Lung
metastasis lesions showing invasion into alveolar tissues. Both aminopeptidases were predominantly expressed in invading intermediate-type choriocarcinoma cells.
Alv � alveolar tissues; V � vessels. Original magnifications: �200 (A, B, E, and F) and �100 (C and D).
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choriocarcinoma (Ino et al, unpublished data). Taken
together, it appears that P-LAP has an invasion-
stimulatory effect, while DPPIV has an adverse effect.
Furthermore, recent studies have shown that
puromycin-insensitive leucyl-specific aminopepti-
dase, a mouse homolog of A-LAP, induced cell
spreading via activation of integrins (Akada et al,
2002). Needless to say, the invasion of normal EVTs is
strictly regulated to prevent extension beyond one-
third of the myometrium, while extensive and uncon-
trolled invasion into the myometrium occurs in both
choriocarcinoma and PSTT. The reason for this differ-
ence is still unknown, but it might be due, at least in

part, to higher expression of P-LAP and A-LAP in
neoplastic trophoblasts than in normal EVTs, as well
as to an imbalance between the invasion-promoting
and -inhibiting peptides or their degrading peptidases
in trophoblastic neoplasms.

It is of interest that the staining pattern of P-LAP and
A-LAP in trophoblastic cells was predominantly cyto-
plasmic but focally mixed with the membranous pat-
tern. Furthermore, P-LAP was detected in the micro-
somal fraction of placental tissue homogenate, and it
was mainly localized to some vesicular structures in
the cytoplasm and also focally detected on the cell
membrane by immunofluorescence staining. P-LAP is

Figure 4.
Immunohistochemical expression of adipocyte-derived leucine aminopeptidase (A, C, and E) and placental leucine aminopeptidase (B, D, and F) in placental site
trophoblastic tumor (PSTT) tissues. (A and B) Uterine lesions of PSTT showing focally positive PSTT cells (arrowheads). (C and D) Lesions of scattered invasion into
myometrium and stromal vessels (V). (E and F) Lung metastasis lesions showing invasion into alveolar (Alv) tissues and adjacent vessels. Both aminopeptidases were
strongly expressed in invading PSTT cells. Original magnifications: �400 (A and B), �100 (C to F).
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a homolog of rat insulin-regulated aminopeptidase,
which is colocalized with glucose transporter 4 in
intracellular vesicles and translocated to the cell sur-
face in response to insulin (Keller et al, 1995; Ross et
al, 1996). Similarly, we demonstrated that human
P-LAP was also translocated to the cell surface in
response to oxytocin stimulation (Nakamura et al,
2000). In contrast, A-LAP was proved to be a homolog
of ERAP1, which is located in the ER vesicles and
involved in peptide trimming for antigen presentation
(Saric et al, 2002; Serwold et al, 2002). From these
findings, both P-LAP and A-LAP are considered lo-
cated to the vesicular structures in the cytoplasm of
trophoblasts, and may be translocated to the cell
surface in response to target peptide stimulation.
Further studies are necessary to clarify the detailed
subcellular localization of these aminopeptidases and
their translocation systems in trophoblastic cells.

In conclusion we demonstrated that P-LAP and
A-LAP were highly expressed in the invasive pheno-
type of EVTs during placentation of normal pregnancy,
as well as in the invasive neoplastic intermediate
trophoblasts of choriocarcinoma and PSTT. Although
trophoblastic invasion is controlled by numerous fac-
tors, our findings suggest that it is regulated, at least in
part, by aminopeptidases that degrade specific bio-
active peptides. Identification of the functional roles of
P-LAP and A-LAP in both normal and malignant
trophoblastic cells could facilitate further insights into
the behavior of trophoblasts in normal implantation/
placentation and in various pathologic conditions such
as pre-eclampsia or trophoblastic neoplasms.

Materials and Methods

Cell Lines

Two choriocarcinoma cell lines, BeWo and JEG3,
were obtained from the American Type Culture Col-
lection (Manassas, Virginia). Cells were maintained in a
monolayer culture in RPMI 1640 medium (Sigma
Chemical Company, St. Louis, Missouri) supple-
mented with 10% heat-inactivated FCS, penicillin (100
U/ml), and streptomycin (100 �g/ml) at 37° C in a
humidified 5% CO2 atmosphere.

Tissues

Placental tissues were obtained from normal uncom-
plicated pregnancies (total n � 26) by legal induced
abortions or selective cesarean sections. Gestational
ages for each sample were as follows: first trimester (n
� 8): 6 weeks (2 samples), 7 weeks, 8 weeks, 10
weeks, 11 weeks (2), and 12 weeks; second trimester
(n � 9): 14 weeks (2), 15 weeks (2), 16 weeks (2), 18
weeks, 20 weeks, and 22 weeks; and third trimester (n

Figure 5.
Subcellular localization of placental leucine aminopeptidase (P-LAP) on immu-
noblot analysis. Placental tissue homogenate (T) was fractionated by differ-
ential centrifugation, and the microsomal (pellet; P) and cytosolic (superna-
tant; S) fractions were isolated as described in “Materials and Methods.”

Figure 6.
Immunofluorescence staining of BeWo cells. (A) BeWo cells observed by
phase contrast microscopy. Immunofluorescence staining by confocal laser
microscopy for placental leucine aminopeptidase (P-LAP) (B) and KDEL, a
specific marker of the endoplasmic reticulum (C). P-LAP was mainly located in
vesicular structures in the cytoplasm, partially similar to the KDEL, and also
focally detected on the cell membrane.
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� 9): 30 weeks, 32 weeks, 34 weeks, 36 weeks, 37
weeks, 39 weeks (2), and 40 weeks (2). Samples with
pathologically abnormal findings, such as apparent
viral and bacterial infections, placental infarctions, and
any structural anomalies, were excluded from this
study. Tissue samples of gestational choriocarcinoma
(n � 8) and PSTT (n � 3) were obtained from patients
who underwent surgical treatment at Nagoya Univer-
sity Hospital. Informed consent for the use of tissue
was obtained from each patient. The use of samples
was also approved by the institutional review board of
Nagoya University Hospital. Tissue samples were
fixed in 10% formalin, embedded in paraffin, and
routinely stained with hematoxylin and eosin for his-
tologic examination. Some of the samples were snap-
frozen in liquid nitrogen for protein extraction.

Antibodies

Mouse mAb against cytokeratin 7 (CK7, Clone OV-TL
12/30), a marker for epithelial cells that is widely used
for distinguishing EVTs from decidual cells (Blaschitz
et al, 2000), was purchased from DAKO Corporation
(Carpinteria, California). The rabbit anti–P-LAP poly-
clonal antibody was raised against the N-terminal
cytoplasmic domain N28 (amino acid sequence 55–82
of human P-LAP) (Nakanishi et al, 2000). Briefly,
antiserum against N28 was raised by immunization of
rabbits with the GST-P-LAP fusion protein, and a
specific antibody was affinity-purified using an N28
antigen-coupled agarose resin column. Using the pu-
rified N28-specific antibody, a single 180-kDa immu-
noreactive band of P-LAP was detected in placental
homogenate on immunoblot analysis, and the band
disappeared when antibody was preabsorbed with
N28 antigen (Nakanishi et al, 2000). The rabbit anti–A-
LAP polyclonal antibody was raised against a syn-
thetic peptide corresponding to the C-terminal 15
amino acids (C15) of human A-LAP, and the rabbit
immunization and immunoaffinity purification were
performed using the same procedure (Hattori et al,
1999).

Immunoblot Analysis

Cells or tissues were washed with PBS and lysed in a
lysis buffer (20 mM Tris-HCl pH 7.5, 2 mM EDTA, 150
mM NaCl, 1% Triton X-100, and protease inhibitor
mixture tablets). After centrifugation for 10 minutes at
15,000 �g, the supernatant was assayed for protein
concentration using a BCA kit (Pierce, Rockford, Illi-
nois). Ten �g of protein was equally diluted in a
sample buffer and denatured at 95° C for 5 minutes.
Proteins were separated by SDS-PAGE and trans-
ferred onto nitrocellulose membranes. Membranes
were blocked with 5% skim milk, and then immuno-
blotted with anti–P-LAP antibody (1:1000 dilution) or
anti–A-LAP antibody (1:1000 dilution). Membranes
were washed with PBS and incubated with a second-
ary antibody. After washing with PBS, membranes
were treated with an ECL blotting detection system
(Amersham Pharmacia Biotech, New Jersey).

For subcellular fractionation, placental tissues were
homogenized in a homogenization buffer (0.25 M
sucrose; 20 mM Tris-HCl, pH 7.5; 150 mM NaCl; 1 mM

PMSF; and 10 �M pepstatin). The microsomal and
cytosolic fractions were isolated as previously de-
scribed (Nakanishi et al, 2000; Oya et al, 1976). Briefly,
the tissue homogenate was fractionated by differential
centrifugation at 600 �g for 10 minutes, 8000 �g for
10 minutes, and finally 105,000 �g for 60 minutes.
Then, the resultant supernatant was used as a cytosol
fraction, and the resultant pellet was resuspended in
homogenizing buffer containing 1% NP-40 and used
as a microsome fraction. Immunoblot analysis for
P-LAP in each fraction was performed using the same
procedure.

Immunohistochemistry

Immunohistochemical staining was performed using
the avidin-biotin immunoperoxidase technique as de-
scribed previously (Ino et al, 2000). Sections were cut
at a thickness of 4 �m. For heat-induced epitope
retrieval, deparaffinized sections in 0.01 M citrate
buffer were treated three times for 5 minutes at 95° C
in a microwave oven. Endogenous peroxidase activity
was blocked by incubation with 3% H2O2 in methanol
for 20 minutes. After nonspecific Ig binding was
blocked by incubation with 10% normal goat serum,
primary antibodies to CK7 (1:200 dilution), A-LAP
(1:200), and P-LAP (1:200) were applied for 1 hour at
room temperature. After washing with PBS, secondary
biotinylated antibody was applied for 30 minutes. After
washing with PBS, the streptavidin-peroxidase conju-
gate was applied for 15 minutes. Finally, sections were
incubated with 3-amino-9-ethylcarbazole (AEC,
Nichirei, Tokyo, Japan) for 10 minutes and were coun-
terstained with Mayer’s hematoxylin. Normal rabbit
IgG was used as a negative control. Immunostaining
intensity was scored semi-quantitatively based on the
percent positivity of stained cells on a four-tiered scale
as follows: �, negative (no positive cells); �/�, weakly
or focally positive (� 30% positive cells); �, moder-
ately positive (30% to 70% positive cells); and ��,
strongly or diffusely positive (� 70% positive cells). In
each case, at least three different areas were evalu-
ated and the mean of the results was considered the
expression intensity score. Scoring was performed
twice, independently by two investigators.

Immunofluorescence Staining

Cells were cultured in four-well chamber glass slides
(LabTek, Nunc Inc., Naperville, Illinois) in culture me-
dium. The cells were fixed with 4% paraformaldehyde
for 30 minutes at 4° C, washed with PBS, and perme-
abilized in PBS containing 0.3% Triton X-100 for 5
minutes. Slides were incubated in blocking solution
containing 2% BSA for 1 hour, and incubated with
anti–P-LAP polyclonal antibody or anti-KDEL (ER-
retention signal sequence) mAb (Stressgen Biotech-
nologies, Victoria, Canada) for 1 hour at room temper-
ature. After washing with PBS, the slides were
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incubated with secondary antibodies, Rhodamine-
conjugated goat antirabbit IgG (Santa Cruz Biotech-
nology, Santa Cruz, California) or FITC-conjugated
goat antimouse IgG (Santa Cruz Biotechnology). After
washing with PBS, fluorescence was visualized by
confocal laser microscopy.
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