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Abstract The high-mobility group protein HMGI(Y) is a
member of a family of non-histone chromosomal pro-
teins, which have been implicated in the regulation of
inducible gene transcription, integration of retroviruses
into chromosomes and induction of neoplastic transfor-
mation and metastatic progression in cancer cells. The
human trophoblast is a tissue that shares proliferation
capacity and invasiveness with neoplastic tissues, but in
which these processes are tightly regulated. In the present
study, we analyzed the expression of HMGI(Y) in the
human placenta using immunohistochemistry. We found
expression of HMGI(Y), with nuclear localization, in the
villous cytotrophoblast (vCT), which is a highly prolif-
erative cell type. In contrast, the majority of the nuclei of
the villous syncytiotrophoblast, a terminally differentiated
tissue, was negative. Interestingly, expression of
HMGI(Y) was strongest in anchoring villi at the implan-
tation site and in extravillous (intermediate) trophoblast
(EVT) invading the maternal decidua. As vCT cells
differentiate to become EVT, the HMGI(Y) protein

appears to switch from a nuclear to a cytoplasmic
localization. Expression of HMGI(Y) in isolated tropho-
blast populations in primary cell culture was also
confirmed using Western-blot analysis. This study shows
for the first time expression and localization of HMGI(Y)
in the subpopulations of placental tissue.
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Introduction

The high mobility group I (HMG I) proteins are a family
of non-histone chromatin-associated proteins [5, 14, 22,
31]. HMGI and HMGY are isoforms derived from the
same gene, HMG I(Y), located on chromosome 6 (6p21)
and generated by alternative splicing of the pre-mRNA.
They differ by 11 amino acids present in HMGI but
deleted in HMGY [11, 15, 16]. Mammalian HMGI/Y
proteins function as architectural transcription factors,
which participate in multi-protein activating structures on
target gene promoters and which have been shown to be
implicated in various cellular processes, including regu-
lation of inducible gene expression, integration of retro-
viruses into chromosomes and induction of neoplastic
transformation and metastatic promotion of cancer cells
[20, 26].

HMGI(Y) proteins are highly expressed during early
stages of embryonic development, and their gene expres-
sion is either completely silent or markedly (approxi-
mately 200-fold) reduced in adult tissues [7, 27, 35]. As
for neoplastic transformation, the first evidence for an
oncogenic potential of HMGI(Y) proteins and their causal
involvement in tumorigenesis came from the analysis of
sporadic chromosomal translocations in human tumors
[17], showing that HMGI(Y) is the target of 6p21.3
rearrangements in various benign mesenchymal tumors.
Similarly, rearrangements on human chromosome 12q15,
an event frequently found in benign solid tumors, were
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shown to also involve a high-mobility group protein,
HMGI-C [29].

The trophoblast is the first tissue to differentiate in the
mammalian conceptus, and its normal development and
specific properties are crucial for both implantation and
further survival of the embryo. Furthermore, the placenta
is unique in its ability to proliferate and invade another
tissue in a fashion similar to malignant tumors, but is
tightly controlled both spatially and temporally. It is, thus,
a very interesting model for the study of molecular
mechanisms involved in these processes and for differ-
entiating them from those implicated in tumor progres-
sion.

During development of the human placenta, the
cytotrophoblast (CT) proliferates and gives rise to the
differentiated syncytiotrophoblast (ST) on the villous
surface and to the extravillous (intermediate) trophoblast
(EVT), which invades the maternal tissues and provides
the anchoring of the placenta and the conceptus at the
maternal–fetal interface [30].

The present study was designed to investigate the
expression pattern of HMGI(Y) in the human placenta
using immunohistochemistry. Furthermore, expression
was investigated in isolated placental cells in primary
culture using Western-blot analysis.

Materials and methods

Tissue collection

The tissue material was selected following histological review from
the files of the Department of Gynecopathology, University
Hospital Eppendorf, Hamburg. Only normal placentae were
included in this study (for the second-trimester cases, these
represented late abortions, i.e., for psychiatric indications. Cases
with chromosomal abnormalities were not included). For immuno-
histochemistry, specimens that had been routinely fixed in 4%
buffered formalin and embedded in paraffin were used. A total of
20 samples were analyzed, including 7 first-trimester, 6 second-
trimester and 7 third-trimester samples.

Immunohistochemistry

Serial sections of 4–6 �m were cut from the paraffin blocks and
mounted on 3-amino propyl tri-ethoxysilone (APES)-coated slides,
deparaffinized in xylene and rehydrated in graded alcohol to TBS
(Tris buffered saline; 50 mM Tris, 150 mM NaCl, pH 7.4). The
slides were microwaved for 5�2 min in 10 mM citrate, pH 6.0.
After cooling down for 20 min, the slides were washed in TBS,
blocked for 20 min at room temperature with normal rabbit serum
(Dako, Glostrup, Denmark), diluted 1:20 in TBS and incubated
overnight at 4�C with HMGI(Y) affinity-purified goat polyclonal
antibody (N-19; Santa Cruz Biotechnology) diluted 1:25–1:50.
Omission of the first antibody was used for negative controls.
Slides were reacted with biotin-labeled corresponding secondary
antibody, incubated with preformed avidin biotinylated enzyme
complex (ABC)-complex (Vectastain; Vector Laboratories, Bur-
lingame, CA, USA) and detected with diaminobenzidine (DAB) kit
(Vectastain; Vector Laboratories, Burlingame, CA, USA). The
slides were counterstained with hemalaun and mounted with
glycerin/gelatin.

Isolation of invasive and non-invasive trophoblast populations

Cultures of first-trimester invasive and non-invasive trophoblast
populations were established and characterized as reported previ-
ously [1]. Briefly, eight to ten placentae (5–12 weeks) obtained
after legal termination of pregnancy were washed in sterile
phosphate buffer saline (s-PBS), and areas rich in chorionic villi
were selected and minced between scalpel blades and were
subjected to three sequential 10-min treatments with 0.125 %
trypsin and 0.2 mg/ml DNAse I (Boehringer Mannheim, Germany)
in s-PBS containing 5 mM MgCl2. Cells released from each 10-min
step were pooled and filtered through two layers of muslin,
resuspended in 70% percoll (Pharmacia, Uppsala, Sweden) at a
density of 2�105 cells/ml, and put under 20 ml of 25% percoll.
Next, 10 ml s-PBS was put on top of the 25% percoll and a gradient
was established by centrifuging for 20 min at 800�g. Cells from the
middle band (density 1.048–1.062 g/ml) of the gradient were
pooled, washed in s-PBS and seeded at a density of 1�106 cells/ml
of keratinocyte growth medium (KGM) supplemented with 10%
fetal calf serum (FCS).

Cells were identified as trophoblast using immunocytochemical
staining with monoclonal antibodies to cytokeratin (Dako-CK,
MNF 116 and 35BH11; 1:100). Their functional ability to produce
hormones and the 92-kDa and 72-kDa gelatinases were described
previously [1].

In vitro invasion assay

The invasive characteristics of the EVT cells were determined by
an in vitro matrigel invasion assay as described [1] using transwells
with a polycarbonate filter of 2.5 cm diameter and 8 �m pore size.
The upper surface of the filter was coated with Matrigel (Collab-
orative Research, Bedford, MA; dilution 1:20 with KGM). The
bottom chamber was filled with 3 ml of KGM containing 10% FCS.
Trophoblast cells labeled for 72 h with 10 �ci/ml H3-thymidine in
KGM were trypsinized, washed and resuspended at a density of
1.0�105 cells/ml KGM containing 10% FCS, and 2 ml of the
labeled cell suspension was added to the upper well of the transwell
chamber. After 72 h of incubation, the cells from the lower wells
were harvested and used for Western-blot analysis.

Western-blot analysis of human placental tissue and trophoblast
cells in primary culture

Extraction of proteins from endometrial tissue, HeLa cells (used as
a positive control) and villous and EVT cells was carried out in
PBS in the presence of 1% NP40 and protease inhibitors as
previously described [2]. Sodium dodecyl sulfate–polyacrylamide
gel electrophoresis (SDS-PAGE) was performed in a 7.5%
polyacrylamid gel under reducing conditions, applying 50 �g of
each sample of the concentrated protein extract. After electropho-
retic transfer to nitrocellulose and blocking in TBS containing 5%
bovine serum albumin (BSA) for 2 h, the anti-HMGI(Y) antibody
(same as used for immunohistochemistry) was added (dilution
1:1000) and incubated overnight at 4 C. Detection was carried out
with peroxidase.

Results

Immunohistochemical localization of HMGI(Y) in the
human placenta

Representative results of immunohistochemical detection
of HMGI(Y) in placental structures are shown in Fig. 1.
As can be observed, HMGI(Y) is expressed in the villous
CT (panels A–D), where it has a nuclear localization. The
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nuclei of the terminally differentiated villous ST, how-
ever, were mostly HMGI(Y) negative. Also, expression of
HMGI(Y) can be observed in some nuclei of villous core
cells. As can be seen in panels B, C and D, expression of
HMGI(Y) is strongest in anchoring villi at the implanta-
tion site and, specifically, in EVT invading the maternal
decidua. Interestingly, in these cells, expression appears
to switch from the nuclear pattern observed for CT (also
the CT of the anchoring villi show this nuclear pattern) to
a cytoplasmic localization. This pattern of expression is

consistently observed in placenta samples from the first
and second trimesters.

Expression of HMGI(Y) is also seen in the EVT of the
chorion laeve (panel E) and in the amniotic epithelial
cells. Cytoplasmic expression of HMGI(Y) is also
observed in cells of the decidualized endometrium and
in endometrial glands of pregnancy endometrium as well
as in glandular epithelium of normal non-pregnant
endometrium (not shown).

Fig. 1 Immunohistochemical localization of high-mobility group
protein [HMGI(Y)] in the human placenta. A Chorionic villi
showing nuclear expression of HMGI(Y) in cells of the villous
cytotrophoblast. In contrast, most nuclei of the syncytiotrophoblast
are HMGI(Y)-negative (�400). B Nuclear expression in the villous
cytotrophoblast and almost absent expression in the villous
syncytiotrophoblast. Additionally, strong, predominantly cytoplas-
mic/membranous expression pattern in the extravillous trophoblast
invading the maternal decidua (�400). C Anchoring villus showing
nuclear expression of HMGI(Y) in the cytotrophoblast and mostly
membranous/cytoplasmatic expression in the emerging extravillous

trophoblast invading the maternal decidua (�200). D Higher
magnification of C showing a predominantly nuclear expression
of HMGI(Y) in the proximal extravillous trophoblast and mostly
cytoplasmatic/membranous expression in the deeper (interstitial)
extravillous trophoblast invading the maternal decidua and mater-
nal vessels (�400). E Both nuclear and cytoplasmatic/membranous
expression of HMGI(Y) in extravillous trophoblast of the chorion
laeve (�400). F Predominantly cytoplasmatic/membranous expres-
sion of HMGI(Y) in the endovascular extravillous trophoblast
(�400). VL vascular lumen
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Western-blot analysis of human trophoblast cells in
primary culture

As can be seen in Fig. 2, Western-blot analysis with the
same anti-HMGI(Y) antibody as has been employed for
immunohistochemistry shows strong HMGI(Y) expres-
sion in the positive controls (Endo=endometrium and
HeLa cells). From the trophoblast cell populations in
primary culture, the invasive trophoblast (EVT) shows
strong expression, followed by villous CT. Very weak/
absent detection is observed in villous ST, corresponding
to the observations made by analyzing the immunohisto-
chemistry data, where expression was also strongest in
EVT, while villous ST was frequently negative.

Discussion

In the present study, we used immunohistochemistry to
investigate the expression pattern of the high-mobility
group protein HMGI(Y) in the human placenta. In
addition, HMGI(Y) expression was analyzed using West-
ern blot on placental tissue and isolated placental cells in
primary culture.

As shown in Fig. 1, HMGI(Y) is strongly expressed in
the human placenta in both villous and extravillous
trophoblast, with different subcellular localization pat-
terns. In the villous cytotrophoblast (vCT), expression is
strictly nuclear, with a granular appearance, indicating
association with chromatin. The CT is a highly prolifer-
ative tissue, in which HMGI(Y) could be implicated in
regulating proliferation, as has been shown to be the case
for other rapidly dividing cells [20]. In the terminally
differentiated villous syncytiotrophoblast (vST), the ma-
jority of nuclei were negative, indicating that HMGI(Y)
expression is probably shut down during differentiation of
CT into ST, similar to later embryonic developmental
stages [7, 27, 35]. Aside from differentiating into ST, the
CT also differentiates into EVT. The EVT can be further
divided into proximal EVT originating from the anchor-
ing villi, deep interstitial EVT invading the decidual
stroma and the myometrium, endovascular trophoblast,
which assumes endothelium-like characteristics, and
“intermediate-like” EVT of the chorion laeve [6, 8, 36].

Interestingly, we observed very strong expression of
HMGI(Y) in the EVT. Cytoplasmatic expression of
HMGI(Y) was also found in the deeper (interstitial)
EVT invading the maternal decidua, and the maternal
vessels (endovascular trophoblast), as well as in the EVT
of the chorion laeve. As found by others (A. Flohr,
personal communication) and confirmed in this study,
cytoplasmatic HMGI(Y) expression is also found in
glandular epithelia of both cycling and pregnant endo-
metrium and in decidual cells.

Regarding the possible roles of HMGI(Y) in the
human placenta, these could obviously include regulation
of cell proliferation in the CT and proliferation stop
correlated with differentiation in the ST. In a previous
study, we demonstrated that the proliferative CT ex-
pressed the cell cycle promoter cyclin E but not the cell
cycle inhibitor p27, while ST showed an inverse expres-
sion pattern [3]. While expression of p27 is regulated
mostly at the post-transcriptional level, expression of
cyclin E is transcriptionally regulated and might be
influenced by HMGI(Y). One could speculate that this
could also be the case for the EVT, where expression of
both proliferation-inducing molecules, such as cyclin E
[3], adhesion molecules, such as CEACAM1 [4], or of
invasion-promoting enzymes, such as matrix-metallo
proteinase 9 (MMP-9) could be influenced by HMGI(Y).
In this line of thought, one should notice that HMGI(Y)
was shown to modulate expression of adhesion molecules,
such as E-selectin [19, 34], which can function as a ligand
for CEACAM1 [18], which is specifically expressed by
EVT [4]. Also, junB and fra-1, members of the AP-1
transcription factor family, have been shown to be
positively regulated by HMGI(Y) [33], and the MMP-9
promoter has been shown to carry AP-1 responsive and be
regulated by AP-1 transcription factors [12, 28]. Further-
more, in invasive breast cancer cells (MDA-MB 231),
which highly express HMGI(Y), treatment with an
inhibitor of MMP-9 resulted in a reduction of both
invasive capability of the cells in vitro and reduced
expression of HMGI(Y), indicating the existence of a link
among invasiveness, expression of HMGI(Y) and MMP-9
[21]. Since EVT cells invading the maternal decidua also
use MMP-9 as a main matrix-degrading enzyme [25], this
observation might apply to EVT as well. Furthermore, in
mice lacking junB, lethality due to defects in placental
development was observed, along with a downregulation
of MMP-9 expression [13], and, as mentioned, junB has,
in another context, been shown to be under the influence
of HMGI(Y) [33].

However, the cytoplasmatic localization of HMGI(Y)
in the deeper EVT indicates that it might also play roles
different from those previously described. It is thus
possible that it might be associated with proteins localized
to the cytoplasm, or that it might be secreted and act as an
extracellular ligand, as has recently been shown to be the
case for HMGB1 [23]. HMG-B1 (also called amphoterin)
has been shown to be secreted by neurons and be retained
associated with their plasma membranes at the leading
edge of migration [10] and with promoter cell migration

Fig. 2 Western-blot analysis of placental tissue (panel A) and
isolated trophoblast cells in primary culture (panel B) showing a
band of approximately 20 kDa corresponding to high-mobility
group protein
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of vascular smooth muscle cells and fibroblasts [9, 23]. It
is possible that HMGI(Y) might play a similar role, for
instance, in the migration of EVTs, yet data supporting
this hypothesis are lacking to date. Furthermore, HMGB1
appears to play a role in the activation of extracellular
proteases, which are important for tissue invasion. It has
been shown to bind to several components of the
plasminogen activation system and enhance activation
of tissue plasminogen activator [24] and also to activate
MMP-2 and MMP-9 [23, 32], which play an important
role in trophoblast invasion.

The present study shows, to our knowledge, for the
first time the expression pattern of HMGI(Y) in the
cellular populations of the human placenta and its nuclear
localization in villous cytotrophoblast and cytoplasmatic
localization in EVT cells. Further studies will now be
necessary to investigate the new possible functions of this
molecule in both the process of trophoblast proliferation,
differentiation and invasion and in the related process of
tumor invasion and metastasis.
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