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Abstract E-cadherin is a transmembrane glycopro-
tein which mediates epithelial cell-to-cell adhesion
function as a tumor suppressor and frequently loss of
expression in a wide spectrum of human cancer. How-
ever, recent studies demonstrated that E-cadherin was
always over-expressed in inXammatory breast cancer
(IBC) specimen and cell lines, which is a clinical
extreme malignancy of breast cancer. It is hypothe-
sized that the gain and not the loss of the E-cadherin
axis contributes to the IBC unique phenotype. To test
this assumption, we generated dominant negative
mutant E-cadherin high-expression inXammatory
breast cancer cells by introduced dominant negative
mutant E-cadherin (H-2kd-E-cad) cDNA into human
IBC SUM149 cells. Our studies demonstrated that the
ability of invasion of SUM149 cells was signiWcantly
inhibited by H-2kd-E-cad via down-regulation of
MMP-1 and MMP-9 expression. The underlying signal
pathway of MAPK phosphorylated Erk 1/2(P44/42) in
H-2kd-E-cad-transfected SUM149 cells was signiW-
cantly down-regulated compared to parental and mock
contrast. Our studies provided further functional evi-
dence as the gain of E-cadherin expression dedicated
to the IBC malignant phenotype and the blockage of

MAPK/Erk activation maybe a promising therapeutic
target.
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Introduction

The cadherin adhesion system plays an important role
during early embryogenesis and in association with the
actin cytoskeleton, contributes to morphogenesis and
maintenance of tissue architecture in the adult organ-
ism (Takeichi 1988; Yap 1998). Importantly, cadherin
adhesion receptors have also been shown to serve as
tumor invasion suppressors, since loss of adhesion in
epithelial carcinoma cells contributes to tumor forma-
tion and to the progression of metastasis (Birchmeier
and Behrens 1994; Takeichi 1993; Tlsty 1998). In addi-
tion, recent Wndings implicate E-cadherin as an authen-
tic tumor suppressor in both human and mice systems.
However, some studies indicated that E-cadherin may
contribute to tumor metastasis in inXammatory breast
carcinoma (IBC). InXammatory breast cancer is one of
the most aggressive types of human breast cancer tend-
ing to exhibit axillary nodal metastases, a high incidence
of local and systemic recurrence, and distant metastases
at early stage. Recent experimental and clinical studies
consistently showed that E-cadherin was expressed
highly in inXammatory breast cancer (Alpaugh et al.
1999; Kleer et al. 2001). While down-regulated of E-
cadherin in IBC tissue xenograft animal model deW-
nitely decrease tumorigenity and lymphovascular
emboli formation (Tomlinson et al. 2001). It is interest-
ing to know whether the role of E-cadherin in IBC is
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idiographic than other carcinomas. So we seek further
functional evidence to elucidating this phenomenon
and investigate whether E-cadherin truly contributes to
the invasion and metastasis in IBC? The use of a domi-
nant-negative mutant cadherin is a powerful way to elu-
cidate the function of cadherin-catenin complexes and
to deWne the molecular mechanisms involved in cadh-
erin functions. It has been proposed that dominant-neg-
ative mutant cadherins may act either by competing
with the endogenous cadherins for homophilic binding
or by binding to catenins, thus depleting catenins avail-
able to bind with endogenous cadherins (Amagai et al.
1995; Levine et al. 1994; Zhu and Watt 1996). To under-
stand more detail of the mechanisms by which E-cadh-
erin in regulating cell behavior in IBC, we transfected a
dominant-negative mutant E-cadherin into SUM149
cells, a human inXammatory breast cancer cell line
expressing E-cadherin. This chimera consisted of the
extracellular domain of class I major histocompatibility
(MHC) antigen H-2kd and the transmembrane and
cytoplasmic domains of mouse E-cadherin (H-2kd-E-
cad) (Vizirianakis et al. 2002; Zhu and Watt 1996). Our
studies demonstrated that the ability of invasion of
SUM149 cells was signiWcantly inhibited by H-2kd-E-
cad via down-regulation of MMP-1 and MMP-9 expres-
sion. The MAPK Erk1/2 signal pathway was involved in
the regulation of MMPs.

Materials and methods

Reagents and cell lines

Dulbecco’s modiWed Eagle’s medium, Ham’s F-12
medium (DMEM/F12), and fetal bovine serum (FBS)
were obtained from Life Technologies, Inc., USA. The
plasmid pcDNA3.1 (-) Myc/His encoding H-2kd-E-cad
dominant-negative E-cadherin construct was kindly
provided by Vizirianakis et al. (2002) (Thessaloniki,
Greece). Human inXammatory breast cancer cell line
SUM149 was a kindly gift from Professor Stephen P.
Ethier (van Golen et al. 1999) (Michigan, USA). Cells
were routinely cultured in DMEM/F12 medium sup-
plemented with 10% FBS. The cultures were incubated
at 37°C in a humidiWed 5% CO2 atmosphere.

Antibodies

The following antibodies were used: G-10 (mouse anti-
E-cadherin Ab), E-5 (mouse anti-�-catenin Ab), and
H-297 (rabbit anti-�-catenin polyclonal antibody) are
products of Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). Fluorescein isothiocyanate (FITC)-

conjugated mouse anti-H-2kd (product of eBioscience).
P44/42 MAP kinase antibody, phospho-P44/42 MAP
kinase antibody, P38 MAP kinase antibody and phos-
pho-P38 MAP kinase antibody (products of Cell Signal
Technology, Inc., USA)

Stable transfection of dominant-negative E-cadherin

The dominant negative mutant E-cadherin cDNA con-
struct (pKSH-2UMTC) encodes 66-kDa chimeric pro-
tein which consists of the extracellular part of mouse
MHC class I antigen H-2kd [297 amino acids (aa)]
linked to a small part of the extracellular region (16 aa)
and the entire transmembrane and cytoplasmic domains
(175 aa) of mouse E-cadherin (H-2kd-E-cad) (Ozawa
et al. 1990). For stable transfection of H-2kd-E-cad
dominant-negative E-cadherin construct, SUM149 cells
were transfected with the H-2kd-E-cad construct by
Lipofectamine2000 -mediated transfection (Invitrogen
Life Technologies, Inc., Rockville, MD, USA) according
to the manufacturer’s instructions. G418-resistant colo-
nies were selected in medium with G418 (200 �g/ml) and
expanded. The H-2kd-E-cad-expressing colonies were
identiWed by RT-PCR and Flow cytometry analysis
which used Xuorescein isothiocyanate (FITC)-conju-
gated mouse anti-H-2kd. In this study, the clone in
which H-2kd-E-cad construct was successfully trans-
fected was named SUM149/ H-2kd-E-cad (two positive
clones were selected, named clone1 and clone2, respec-
tively.). The one only transfected with G418-resistant
gene was named SUM149/mock (mock).

Expression analysis of H-2kd-E-cad transfectants

RNA isolation and RT-PCR analysis Total RNA was
isolated from cells using Trizol reagent (Life Technolo-
gies, Inc., USA), according to the manufacturer’s
instructions. In all, 1 �g of total RNA was converted to
cDNA using an avian myeloblastosis virus reverse
transcription system (Promega, Madison, WI, USA). A
measure of 2.5 �l out of each RT reaction mixture was
applied to 25 �l of PCR mixture, containing 2.5 U
AmpliTaq DNA polymerase (Promega), 1.5 mmol/
l MgCl2, 1 £ Taq buVer and 0.2 mmol/l 4 deoxynucleo-
tide triphosphates (dNTPs). The speciWc primers of H-
2 kd used in the experiment were H-2kd up 5�-ATT-
CGCTGAGGTATTTCGT-3� and H-2kd down5�-
CGCCCTTGCTCTGGTTGT-3� 264 bp; In total, 30
cycles of PCR were carried out with the program of
45 s at 94°C, 30 s at 58°C and 1 min at 72°C. Part of the
PCR products were electrophoresed on 1.5% agarose
gel and imaged on an Alpha Image 950 documentation
system (Alpha Innotech, San Leandro, CA, USA).
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Densitometry of images was performed using NIH
Image version 1.62. Mouse liver tissues were used as
positive control of H-2kd. Total mRNA samples with-
out reverse transcription were used as negative control.

Flow cytometry analysis

Sub-conXuent SUM149/ H-2kd-E-cad cells were
detached with trypsin/EDTA, and the single-cell sus-
pensions were suspended in medium and incubated
with an optimal concentration of anti-mouse H-2kd
FITC-conjugated antibody in wash buVer [2% normal
goat serum in phosphate-buVered saline (PBS)] for 1 h
on ice. The cells were then washed three times, cells
were analyzed in a FACscan Xow cytometer (Becton-
Dickinson Immunocytometry Systems, Palo Alto, CA).
SUM149 Cells stained with anti-mouse H-2kd FITC-
conjugated antibody or unstained served as controls.

Western blot

Cells were washed twice with ice-cold PBS and scarped
into 1 ml of ice-cold NP40 lysis buVer (10 mM Tris–

HCl (pH 8.0), 150 mM NaCl, 1% (v/v) NP40, 1 mM
EDTA, 50 mM NaF, 5 mM Na PPI, 1 mM phenylmeth-
ylsulfonyl Xuoride, 1 mg/ml leupeptin and 1 mg/ml
pepstatin A). Cells were then sonicated for 5 s at 5 W.
Insoluble debris was removed by centrifugation at
1,000 g for 15 min. Total proteins (50 �g) were analy-
sed by SDS-PAGE. Western blot, using primary mono-
clonal or polyclonal antibodies was performed
according to standard protocols (Shao et al. 1998). In
all, 7.5% polyacrylamide gels were used to detect E-
cadherin, �-catenin, �-catenin proteins. 12% polyacryl-
amide gels were used to detect P44/42, P38 .The blots
were probed with primary antibody and then incubated
with a horseradish-peroxidase-labeled secondary anti-
body. Normalization of protein loading was done with
�-actin. Blot quantitation was done with a molecular
dynamics laser densitometer (Model PSD) and the
Image QuantVersion 1 software.

In vitro assays of invasion

Invasion experiments were conducted with a Matrigel
invasion chamber (BD Labware, Bedford, MA, USA)

Table 1 primers for RT-PCR and their annealing temperatures

Cyclin A Up 5�-TCCATGTCAGTGCTGAGAGGA-3� 45 bp 58°C
down 5�-GAAGGTCCATGAGACAAGGC-3�

Cyclin E Up 5�-AATAGAGAGGAAGTCTGG-3� 443 bp 52°C
down 5�-AGATATGCAACC TGCATG-3�

Cyclin D1 Up 5�-CTGGCCATGAACTACCTGGA-3� 482 bp 51°C
down 5�-GTCACACTTGATCACTCTGG-3�

P 21 Up 5�-TGTCCGTCAGAACCCATG-3� 208 bp 60°C
down 5�-TGGGAAGGTAGAGCTTGG-3�

c-myc Up 5�- GCTGCCAAGAGGGTCA -3� 357 bp 55°C
down 5�- CGCACAAGAGTTCCGTAG-3�

Rho A Up 5�-ATCTGGGTGCCTTGTCT-3� 426 bp 55°C
Down 5�-AAAGCCCTGAAGTGGTG-3�

Cdc42 Up 5�-CGATGGTGCTGTTGGT-3� 311 bp 57°C
Down 5�-CCAACAAGCAAGAAAGGA-3�

Rac1 Up 5�-CATCAAGTGTGTGGTGGTGGG-3� 448 bp 58°C
Down 5�-TTACAGCACCAATCTCCTTA G-3�

MMP-1 Up 5�--TTCATTTCTGTTTTCTGGCC-3� 462 bp 52°C
down 5�-ATTTTTCCTGCAGTTGAACC-3�

MMP-2 Up 5�-CAGGCTCTTCTCCTTTCACAAC-3� 398 bp 55°C
down 5�-AAGCCACGGCTTGGTTTTCCTC-3�

MMP-3 Up 5�-CAGTTTGCTCAGCCTATCC-3� 314 bp 58°C
down 5�-CCTGTATGTAAGGTGGGTTT-3�

MMP-7 Up 5�-GTTTAG,AAGCCAAACTCAAGG-3�3� 232 bp 55°C
down 5�-CTTTGACACTAATCGATCCAC-3�

MMP-9 Up 5'-GGCGCTCATGTACCCTATGT-3'-
E-cadherin Up 5'-AGCCATGGGCCCTTGGAG-3' 653 bp 60°C

Down 5'-CCAGAGGCTCTGTCACCTTC-3'
�-catenin Up 5'-AAGGTCTGAGGAGCAGCTTC-3' 668 bp 60°C

Down 5�-TGGCCATAACTGCAGCCTT-3�
VEGF Up 5�-CTACCTCCACCATGCCAAGT-3� 311 bp 60°C

Down 5�-TCTCTCCTATGTGCTGGCCT-3�
GADPH Up 5�-GGGAGCCAAAAGGGTCATCATCTC-3� 353 bp 60°C

Down 5�-CCATGCCAGTGAGCTTCCCGTTC-3�
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(Albini 1998). Each well insert was layered with 120 ml
of 1:3 mixture Matrigel:MEM (1,400 mgMatrigel/cm2).
An amount of 105 cells were added to the top of this
Matrigel layer. The wells were incubated at 37°C for
36 h. Invasion was assessed by counting the cells that
had traveled across the Wlter and were attached to the
bottom side of the Wlter. Then, the Wlters were Wxed in
10% formalin and stained with H E. Cells which had
invaded through the Matrigel and reached the lower
surface of the Wlter were counted under alight micro-
scope, at a magniWcation of 200. Five Welds should be
counted for each sample. The invasive ability was cal-
culated as following: %invasion = total no. of invading
cells (lower well sample)/total number of cells seeded
(upper well sample).

RT-PCR for MMPs, cyclin D1, cyclin A, cyclin E, P21, 
c-myc, RhoA, cdc42 Rac1

We had described the procedure above. Here we just
listed speciWc primers and their annealing tempera-
tures (Table 1).

Gelatin zymography

For gelatin zymography, cell cultures were main-
tained to 80% conXuency in 10% FBS DMEM/F12.
Then cells were incubated under serum-free condi-
tions for 24 h. At the time of medium collection, the
cells were counted for the purpose of adjusting the
volume of the medium to the cell number. MMP9

Fig. 1 a Expression of H-2kd was detected by RT-PCR. Lane 1
SUM149, lane 2 SUM149-Mock, lane 3 clone 1: SUM149/H-2kd1,
lane 4 clone 2: SUM149/H-2kd2, lane 5 negative control (total

mRNA sample of SUM149/H-2kd1 without reverse transcrip-
tion). b Expression of H-2kd was detected by Xow cytometry anal-
ysis using FITC-conjugated mouse anti-H-2kd antibody

H-2kd264bp

GAPDH353bp

1 2 3 4 5

SUM149 mock

clone 1 clone 2

(A)

(B)
123



J Cancer Res Clin Oncol (2007) 133:83–92 87
activity was assessed using 10% zymogram gels (Bio-
Rad, Richmond, CA, USA). After electrophoresis,
gels were rinsed in 2.5% Triton X-100 for 30 min and
then enzyme degradation was performed at 37°C for
40 h in 100 mmol/l Tris (pH 7.5), 5 mmol/l CaCl2 and
0.04% NaN3. The gels were stained with 2.5% Coo-
massie Blue and air-dried. Densitometry was used to
analyze relative MMP9 activity with NIH Image ver-
sion 1.62.

Statistical analysis

Analysis of variance and Student’s t-test were used to
determine the statistical signiWcance of diVerences
among experimental groups.

Results

Stable transfection of dominant negative E-cadherin 
cDNA in SUM149 cells

Stable transfectants of the H-2kd-E-cad dominant-neg-
ative E-cadherin construct SUM149 cells were estab-
lished. The construct produces a chimeric protein of
66 kDa that consists of the transmembrane and cyto-

plasmic domains of mouse E-cadherin and the extra-
cellular domain of mouse major histocompatibility
antigen H-2kd (Vizirianakis et al. 2002; Zhu and Watt
1996). As a control, SUM149 cells were also trans-
fected with the empty vector pcDNA3.1 (-) Myc/His
DNA only (mock). We performed RT-PCR and Flow
cytometry analysis, which used Xuorescein isothiocya-
nate (FITC)-conjugated mouse anti-H-2kd antibody.
Several randomized selected G418-resistant clones
were tested for the integration of the H-2kd-E-cad
dominant-negative E-cadherin expression vector into
the transfectants. As shown in Fig. 1, two transfectants
(clone 1 and clone 2) expressed both H-2kd mRNA
and protein which were conWrmed by Xow cytometry
analysis using FITC-conjugated mouse anti-H-2kd
antibody.

E-cadherin expression in H-2kd-E-cad-transfected 
SUM149 cells

We examined the expression of E-cadherin in SUM
149 cells, clone 1, clone 2 and mock cells. As shown in
Fig. 2, E-cadherin expression of the two transfected
clones were signiWcant decreased both in mRNA and
protein levels, compared with parental SUM 149 cells
and mock cells (P < 0.05)

Fig. 2 a. Expression of E-cadherin was detected by RT-PCR.
Lane 1 SUM149, lane 2 SUM149-Mock, lane 3 clone 1: SUM149/
H-2kd1, lane 4 clone 2: SUM149/H-2kd2, lane 5negative control
(total mRNA sample of SUM149/H-2kd1 without reverse tran-
scription). b Representative quantitation of three independent
experiments. The values are expressed relative to respective con-
trols, which are given an arbitrary value of 1. The error bars rep-

resent the standard errors (*P < 0.05). c Protein levels of E-
cadherin were detected by Western blot in SUM149 (Lane 1)
SUM149-Mock (lane 2) SUM149/H-2kd1 (lane 3), SUM149/H-
2kd2 (lane 4). d Representative quantitation of three independent
experiments. The values are expressed relative to respective con-
trols, which are given an arbitrary value of 1. The error bars rep-
resent the standard errors (*P < 0.05)
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Down-regulation of E-cadherin expression reduces 
the invasion and modulation of relevant eVector 
molecules in vitro

It was of interest to investigate whether E-cadherin
expression might aVect the ability of SUM149 cells’
motility. To address this issue, we performed invasion
study using the standard established Transwell in vitro
assay. As shown in Fig. 3 H-2kd-E-cad-transfected
SUM149 clones resulted in a signiWcant reduction of
invasion ability compared to mock-transfected and
parental cells (p < 0.05) To further elucidate the poten-
tial mechanisms, we examined the MMPs expression
both in mRNA and protein levels. By RT-PCR, H-2kd-
E-cad-transfected SUM149 cells constitutively
expressed low levels of MMP-9 and MMP-1 mRNA,
compared to mock-transfected and wild-type cells
(Fig. 4a, b). By direct gelatin zymography, H-2kd-E-

cad -transfected SUM149 cells constitutively excrete
low levels of MMP-9, comparatively to the mock-trans-
fected and parental controls (Fig. 4c) (P < 0.05). How-
ever, we did not Wnd any signiWcant diVerences of
MMP-2, MMP-3 and MMP-7 expression at mRNA
level between H-2kd-E-cad-transfected and the mock-
transfected and parental controls (Data not shown).
Since the MMP-9 was signiWcantly decreased in H-2kd-
E-cad-transfected SUM149 cells, we further decided to
examined several signal pathways including Erk1/
2(extracellular regulated kinase) and AKT which may
involve the MMP-9 regulation. As shown in Fig. 5, the
phosphorylated Erk1/2 in H-2kd-E-cad-transfected
SUM149 cells was signiWcantly down-regulated when
compared to the mock-transfected and wild-type cells
(P < 0.05). However, we did not found any signiWcant
diVerence of P38 expression between H-2kd-E-cad-
transfected and controls (data not shown). Also we

Fig. 3 a The in vitro invasion 
assay using the classic Tran-
swell. b The quantitation of 
the invasion ability. The data 
are representative three inde-
pendent experiments. The 
values are expressed relative 
to respective controls. 
(*P < 0.05)
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didn’t Wnd any regulation of AKT pathway (data not
shown). Ets-1 is one of MMP-9 upstream transcrip-
tional factor; we also examined the expression of Est-1
mRNA among H-2kd-E-cad-transfected and control.
However, we did not found signiWcant diVerence of
Est-1 mRNA among H-2kd-E-cad-transfected
SUM149 cells, mock-transfected and wild-type cells
(Data not shown). It has been reported that the path-
way of RhoA, cdc42 Rac1 involved in regulation of
MMP-9. We examined the expressions of these factors
by RT-PCR, and no diVerences were found among H-
2kd-E-cad-transfected SUM149 cells, mock-trans-
fected and wild-type cells (Data not shown). Further-
more, we didn’t Wnd signiWcant diVerence of N-
cadherin and P-cadherin expression among H-2kd-E-
cad-transfected SUM149 cells, mock-transfected and
wild-type cells (Data not shown).

Cells proliferation and relevant eVector molecules 
modulation

To investigate whether E-cadherin expression could
modulate the proliferation of SUM149 cells, we used

MTT assay to assess the growth rate of H-2kd-E-cad-
transfected SUM149 cells, mock-transfected and wild-
type cells. No signiWcant diVerence was observed
among these groups. We also examined the cyclin D1,
cyclin A, cyclin E, P21 and c-myc mRNA expression
among these groups, no obvious diVerence was found
(data not shown).

Discussion

E-cadherin is a transmembrane glycoprotein mediates
calcium-dependent intercellular adhesion speciWcally
involved in epithelial cell to cell adhesion (Takeichi
1988). It has been widely acknowledged that dimin-
ished E-cadherin expression related to the acquisition
of invasiveness both in experimental tumors and
advanced-stage carcinomas among various kinds of
human cancer, including ductal carcinomas of the
breast (Christofori and Semb 1999; Frixen et al. 1991;
Perl et al. 1998; Vleminckx et al. 1991). Several studies
have shown that E-cadherin expression is signiWcantly
reduced in high-grade, estrogen receptor (ER)-negative,

Fig. 4 a The expression levels of MMPs was detected by RT-
PCR. Lane 1 SUM149, lane 2 SUM149-Mock, lane 3 clone 1:
SUM149/H-2kd1, lane 4 clone 2. SUM149/H-2kd2, lane 5 nega-
tive control (total mRNA sample of SUM149/H-2kd1 without re-
verse transcription). b Representative quantitation of three
independent experiments. The values are expressed relative to
respective controls, which are given an arbitrary value of 1. The

error bars represent the standard errors. (*P < 0.05) c The quan-
titation of the activity levels of MMP-9 were detected by gelatin
zymography. The data are representative three independent
experiments. The values are expressed relative to respective con-
trols, which are given an arbitrary value of 1. The error bars rep-
resent the standard errors (*P < 0.05)
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and metastasic breast carcinomas (Hunt et al. 1997; Sii-
tonen et al. 1996). However, some recent studies indi-
cated E-cadherin was prominently over-expressed in
inXammatory breast cancer (IBC) compared with
stage-matched non-IBC. IBC constitutes less than 10%
of all breast cancers as a distinct and aggressive form of
locally advanced malignant breast disease. Alpaugh
et al. used the Wrst established human transplantable
inXammatory breast carcinoma xenograft (MARY-X)
in scid/nude mice and veriWed that Ecadherin is not
only 10–20 fold over-expressed but is part of an intact
and ampliWed axis of adhesion. Furthermore, H-2Kd-
E-cad-transfected MARY-X spheroids were only
weakly tumorigenic and did not form lymphovascular
emboli (Alpaugh et al. 1999; Tomlinson et al. 2001). It
is an interesting issue whether E-cadherin contributes
to IBC phenotype? We utilized stable expression dom-
inant negative E-cadherin mutant transfected SUM149
cells to address this phenomenon and explore the
underlying pivotal component. Invasion assay in vitro
showed that the invasion ability of the transfected
SUM149 cells was obviously inhibited compared to
mock-transfected or wild-type SUM149 cells. How-
ever, no diVerence of proliferation index was found
between the H-2kd-E-cadhrin transfected SUM149

cells and the controls. Our results supported that E-
cadherin contributes to the IBC SUM149 cell pheno-
type and may play an important role in the process of
invasion in SUM149 cells.

The degradation of basement membrane and extra-
cellular matrix (ECM) involves the participation of pro-
teolytic enzymes. Matrix metalloproteinases (MMPs)
constitute a multi-gene family of over 25 secreted and
cell surface enzymes that are able to degrade almost all
ECM components. MMP activity is controlled by spe-
ciWc inhibitors named TIMPs (tissue inhibitors of
matrix metalloproteinases) (Chang and Werb 2001;
Sternlicht and Werb 2001). The over-expression of
MMPs, leading to a disruption of the balance between
MMPs and TIMPs, has been extensively reported in
various carcinoma types. In that way, MMPs have been
implicated in early as well as in late stages of cancer
progression, in particular in cell growth, invasion,
angiogenesis, and metastasis (Chambers and Matrisian
1997; Curran and Murray 1999; Egeblad and Werb
2002; Nawrocki et al. 1997; Park et al. 2004). MMP
over-expression is also associated with the acquisition
of invasiveness by tumor cells in vitro. In the present
study, we demonstrated that the expression of MMP1
and MMP9 in H-2kd-E-cadherin transfected SUM149
cells were signiWcantly down-regulated when compared
to the mock-transfected or wild-type cells, which may
be responsible for the reduction of invasion ability of
H-2kd-E-cadherin transfected SUM149 cells.

There are some data suggesting that the inappropri-
ate expression of non epithelial cadherins, such as N-
cadherin and cadherin-11, either in collaboration with or
even instead of E-cadherin loss, may play an important
role in the invasive and metastatic phenotype of cancer
cells. Concomitant up-regulation of N-cadherin and/or
cadherin-11 and down-regulation of E-cadherin has
been termed cadherin switching. Cadherin switching has
been demonstrated in primary tumors, including pros-
tate carcinomas and gastric signet-ring cell carcinomas
(Shibata et al. 1996a; Tomita et al. 2000), as well as in
several carcinoma-derived cell lines (Islam et al. 1996;
Giroldi et al. 1999; Pishvaian et al. 1999; Bussemakers
et al. 2000). Interestingly, we did not found any signiW-
cant diVerences of �- or �-catenin expression between
the H-2kd-E-cadhrin transfected SUM149 cells and the
controls both at the mRNA and protein levels.

It has been reported that MAPK signal pathway
involved in MMPs’ expression regulation (Holvoet
et al. 2003; Yao et al. 2001). Our studies further dem-
onstrated that the activated phosphor-Erk1/2 (P44/42)
expression was remarkably decreased in H-2kd-E-
cadhrin transfected SUM149 cells compared to the
control cells, while the phosphor-P38 level has no

Fig. 5 a Protein levels of P44/42 were detected by Western blot.
Lane 1 SUM149, lane 2, SUM149-Mock, lane 3 clone 1: SUM149/
H-2kd1, lane 4 clone 2: SUM149/H-2kd2. b Representative quan-
titation of three independent experiments. The values are ex-
pressed relative to respective controls, which are given an
arbitrary value of 1. The error bars represent the standard errors
(*P < 0.05)
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change. Although signal transduction pathways from
E-cadherin to RhoA, Rac1, and Cdc42 have been iden-
tiWed recently (Braga 2002; Fukata and Kaibuchi 2001).
Our study did not found any diVerences of these fac-
tors at the mRNA levels between the transfected and
the controls.

In conclusion, our study Wrstly provided the func-
tional evidence that E-cadherin contribute to the inva-
siveness of SUM149 cells and the Erk1/2 signal
pathway was involved in the regulation of MMPs. Fur-
ther investigation is urgently needed to elucidate the
underlying molecular spectra and regulators dedicating
to the extraordinary biological characteristic of this
extreme malignancy.
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