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Abstract Therapy-resistant cancer cells are a major problem
in cancer research. Recent studies suggest that the epithelial-
mesenchymal transition (EMT) is a key mechanism in therapy
resistance. Yet, the expressions of EMT markers, EMT core
regulators, and a stem cell marker of BMI1 during chemother-
apy have been poorly analyzed in clinical breast cancer spec-
imens. In the present study, we investigated the roles of RhoC
under chemotherapy to follow up on earlier findings demon-
strating the involvement of RhoC in prostate cancer resistance
to endocrine therapy. Immunohistochemically, E-cadherin ex-
pression was significantly lower in human breast cancer spec-
imens analyzed after chemotherapy than specimens biopsied
before chemotherapy. Significant upregulation of fibronectin,
a mesenchymal EMT marker, was found in post-
chemotherapy analysis. A study of the EMT core regulators
of SNAILI1, SNAIL2, TWISTI, and a well-known stem cell
marker of BMI1 revealed no post-chemotherapy upregulation
of these molecules. In contrast, RhoC expression was signif-
icantly upregulated in post-chemotherapy breast cancer spec-
imens. MCF-7 cells stably transfected with the constitutive
active (CA) RhoC plasmid manifested a reduced level of E-
cadherin at the peripheries and disorganization of actin fibers,
with no accompanying upregulation of SNAIL1, SNAIL2,
TWISTI, or BMI1 in Western blots. Exposure of etoposide
on MCF-7 cells showed RhoC upregulation together with
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reduced membranous expression of E-cadherin and disorga-
nization of actin fibers. In MTT assay, however, the CA-
RhoC-expressing MCF-7 cells failed to show chemotherapy
resistance under etoposide treatment. Taken in sum, RhoC
may contribute to an EMT-like process in human breast cancer
during chemotherapy.

Introduction

Breast cancer is the leading cause of cancer death in women
worldwide. Recent advances in molecular biology allow us to
draw a clear landscape of the molecular networks in breast
cancer [1]. Highly effective drugs are being continuously
developed based on this information [2]. Yet, novel therapeu-
tic approaches are still clearly needed, as tumors tend to
relapse after undergoing existing therapies of various types.
Recent studies have revealed that the epithelial-mesenchymal
transition (EMT) takes part in chemotherapy and endocrine
therapy resistance in breast cancer [3-5]. The EMT is also
shown to be involved in the generation of cancer stem cells
(CSCs) [6], a class of cells believed to be highly therapy
resistant [7]. Further, the CSC-related molecule BMI1 has
been shown to both contribute to chemotherapy resistance
[8] and induce the EMT [9]. These findings, taken together,
suggest that the EMT and CSCs are strongly linked to che-
motherapy resistance. The EMT was originally described as a
loss of E-cadherin and gain of mesenchymal markers in cancer
cells, a process that mimicked mesoderm and neural crest
formation during embryogenesis [10, 11]. The Snail and
Twist homologs are defined as core transcriptional repressors
that directly bind to the E-cadherin promoter [10, 11]. While
several immunohistochemical analyses have focused on the
expressions of BMII and the Snail and Twist homologs in
human breast cancer [12, 13], none before now have
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compared these molecules in human breast cancer specimens
of the same patient before and after chemotherapy.

We have recently shown that RhoC is linked to cancer cell
survival through a partial epithelial-mesenchymal transition
(EMT) process after endocrine therapy in cultured mouse
breast cancer cells and human prostate cancer specimens
[14]. The Rho small GTPases are major regulators of actin
dynamics and play a role in cell motility [15]. The Rho
GTPases are subdivided into three subfamilies respectively
descended from the prototypal proteins RhoA, Racl, and
Cdc42 [16]. The activation of RhoA, RhoB, and RhoC, the
three highly homologous isoforms of the RhoA family, facil-
itates amoeboid cell movement by stimulating the organiza-
tion of actin stress fibers (ASFs) [15, 16]. Among the three
isoforms, RhoC was found to play a key role in tumor pro-
gression [17-20]. Two earlier studies on human breast cancer
have shown a correlation between RhoC expression and ag-
gressive phenotypes [21, 22]. Little is known, however, about
the roles of RhoC in human breast cancer during
chemotherapy.

In the present comparison of human breast cancer speci-
mens between pre- and post-chemotherapy, the upregulation
of RhoC and the downregulation of E-cadherin were both
significantly increased after the chemotherapy. In contrast,
we found no significant upregulation of SNAIL1, SNAIL2,
TWIST1, or BMII. Lastly, transfection of the constitutive
active (CA) RhoC plasmid into human breast cancer MCF-7
cells reduced the membranous localization of E-cadherin.
These findings implicate RhoC as a key factor in breast cancer
progression under chemotherapy.

Materials and Methods
Cases

Tumor specimens from 50 breast cancer cases resected after
chemotherapy were retrieved from the archives of the
Pathology Department of Jichi Medical University Hospital.
All cases, diagnosed as invasive ductal carcinomas, had un-
dergone core needle biopsy before chemotherapy, and each
biopsied specimen was compared to the resected specimen
from the same patient. The patient characteristics are summa-
rized in Table 1 and shown in detail in Supplementary
Table S1. The chemotherapy protocols, which varied consid-
erably from case to case, are also shown in Supplementary
Table S1. Data on the estrogen receptor (ER), progesterone
receptor (PgR), and Her2 were retrieved from the clinical
records. The duration of chemotherapy was 63 to 504 days
(mean 152 days). Immunohistochemical studies were per-
formed with the approval of the local ethics committee at
Jichi Medical University.
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Table 1 Characteristics of the patients
Cases (n=50)
Age (years) 52.5 (32~85)
Menopause 27
Clinical stage A 20

1B 13

A 3

1B 9

IcC 5
Tumor size (mm) 32.7 (14~80)
Duration of primary systemic therapy (PST) (days) 152 (63~504)
Interval between PST and operation (days) 29 (1~214)

Cells

Estrogen-sensitive human breast cancer MCF-7 cells were
maintained in a DMEM medium supplemented with 10 %
fetal bovine serum (FBS) in the presence of insulin (4 pg/ml)
and 17f3-estradiol (E2) (100 nM).

Plasmids, Mutagenesis, and Isolation of Stable Transfectant
Cells

The method for constructing the mouse constitutive active
(CA) RhoC (G12V) expression plasmid was described previ-
ously [14]. MCF-7 cells were transfected with the CA-RhoC
plasmid by a Lipofectamin (Invitrogen, Carlsbad, CA) meth-
od and then selected using 800 pg/ml of G418 sulfate
(GIBCO/Invitrogen). Two clones with standard expression
of the tagged protein in Western blots were used in further
experiments.

Immunohistochemistry and Antibodies

Supplementary Table S2 summarizes the antibodies used in
this study and the methods for antigen retrieval and detection.
In general, formalin-fixed and paraffin-embedded sections
were pre-treated in a microwave oven or an autoclave for the
indicated times. Next, the sections were allowed to interact
with each antibody at 4 °C overnight, subjected to either
standard treatment with avidin-biotin complex or incubation
with Envision (DAKO JAPAN, Tokyo, Japan), and stained
with DAB. The immunostaining was scored as follows ac-
cording to the criteria previously reported by our group [14]:
(), negative; (£), weakly positive in less than 20 % of cancer
cells; (+), distinctly positive in 20 to 80 % of cancer cells; and
(++), strongly positive in more than 80 % of cancer cells.
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Rho Activation Assay

An Rho activation assay was performed using the Rho
Activation Assay Kit (Upstate/MILLIPORE, Temecula, CA)
by the method described in our earlier report [ 14]. Briefly, cell
extracts were prepared by incubation for 48 h in a DMEM
medium containing 10 % FBS in the presence of E2 and
insulin. The extracted proteins were incubated with Rhotekin
Rho-binding domain agarose beads for 45 min at 4 °C with
gentle agitation. The beads were washed three times with the
buffer provided, and then the pellets were resolved by a
standard sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to the polyvinylidene

Fig. 1 Immunohistochemical
comparison of E-cadherin,
{3-catenin, N-cadherin, and
fibronectin between pre- and
post-chemotherapy of the same
case in human breast carcinoma
specimens. Immunostaining of
E-cadherin (a, b), 3-catenin

(¢, d), N-cadherin (e, f), and fi-
bronectin (g, h) in human

breast cancer specimens surgical-
ly resected after chemotherapy
(after)

(a, ¢, e, g) and in biopsied speci-
men of the same case

before chemotherapy (before)
(b, d, £, h). The arrowhead indi-
cates nuclear translocation

of 3-catenin in one case (d). The
immunohistochemical scoring is
also shown as (—), (£), (+), and
)

N-cadherin B-catenin E-cadherin

Fibronectin
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difluoride (PVDF) membrane. The blots were incubated with
the Rho antibody provided in the kit and then detected with an
ECL prime kit (GE Healthcare, Buckinghamshire, UK).

Western Blots

Cell extracts were prepared in the DMEM-maintained medi-
um in a sub-confluent condition with a cell lysis reagent of
CelLytic M (Sigma-Aldrich, St. Louis, MO). In the study of
RhoC expression under etoposide treatment, MCF-7 cells
(1.2x10%dish) were plated in a phenol-red-free RPMI 1640
medium supplemented with 2 % FBS treated with dextran-
coated charcoal (dcc) in the absence of E2 and insulin. The

chemotherapy
before

after
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cells were further cultured for 5 days in a phenol-red-free
RPMI 1640 medium containing 2 % dcc-treated FBS in the
absence or presence of 100 nM E2 and/or 10 uM of etoposide
(Wako Pure Chemical Industries, Osaka, Japan), with medium
changes every other days. Cell extracts were similarly pre-
pared. In general, 20 pg of lysates was separated by SDS-
PAGE electrophoresis and transferred onto PVDF mem-
branes. The blots were reacted with the antibodies listed in
Supplementary Table S2, and the signals were detected with
an ECL prime kit. For loading controls, the membranes were
stripped with reprobe buffer [62.5 mM Tris—HCI (pH 6.8),
100 mM 2-mercaptoethanol, 2 % SDS] at 60 °C for 30 min
and then immunoblotted with an anti-GAPDH antibody
(MILLIPORE, Temecula, CA) followed by the secondary
antibody.

Phalloidin Staining and Immunocytochemistry of E-cadherin

The method for phalloidin staining was described previously
[14]. Briefly, MCF-7 cells (1.2x 10*well) were plated onto a
4-well chamber slide. The next day, the medium was
changed to the DMEM-maintained medium. After a
6 h culture, the cells were fixed in a PBS solution with
4 % paraformaldehyde for 60 min, treated with 0.1 %
Triton-X for 5 min, and stained with rhodamine-labeled
phalloidin. The specimens were observed with a fluo-
rescence microscope. In the study of etoposide treat-
ment, cells were plated and culture onto a 4-well cham-
ber slide using a phenol-red-free RPMI1640 medium
containing 2 % dcc FBS in the absence or presence of
E2 and/or etoposide. After culture for 5 days, cells were
similarly fixed and stained with rhodamine-labeled
phalloidin. In immunocytochemistry of E-cadherin, cells
were similarly cultured, fixed, incubated with the anti-E-
cadherin antibody, and then reacted with a fluorescein
isothiocyanate (FITC)-conjugated secondary antibody.
The slide was observed with a fluorescence microsocpe.

Table 2 Immunohistochemical results

MTT Assay

Parental and transfectant MCF-7 cells (6.0x 10%/well) were
plated onto a 96-well plate in a phenol-red-free RPMI 1640
medium supplemented with 2 % dcc-treated FBS in the ab-
sence of insulin and E2. The next day (day 1), the medium was
changed to the phenol-red-free RPMI 1640 medium with 2 %
dcc-treated FBS in the presence or absence of E2 and/or
10 uM of etoposide. The medium was changed once on day
3, and MTT was added to the medium at a final concentration
of 1 mg/ml on day 5. After 4 h of incubation with the MTT,
formazan substrates were collected, resolved with DMSO, and
measured at an absorbance of 570 nm, with reference at
690 nm.

Statistical Analysis

The statistical significance of value changes was determined
by the Wilcoxon signed-ranks test or Mann-Whitney’s U test
using Statcel software (OMS, Saitama, Japan). Results were
considered significant when the P values were less than 0.05.

Results

Membranous E-cadherin localization is reduced
after chemotherapy in human breast cancer

To confirm the involvement of the EMT process in chemo-
therapy resistance, we began our experiment by comparing E-
cadherin expression in cancer specimens biopsied before sur-
gery with specimens surgically resected after chemotherapy.
In spite of considerable variation in the chemotherapy proto-
cols from case to case, E-cadherin expression was significant-
ly more downregulated after chemotherapy compared to be-
fore (P<0.0002) (Fig. la, b and Table 2). Next, we sought to

(n=50)
E-cadherin B-catenin N-cadherin Fibronectin
after before after before after before after before
(++) 30 47 36 40 1 1 0 0
(+) 17 2 13 9 2 0 34 3
(£) 3 1 0 0 13 13 15 18
) 0 0 1 34 36 1 29
| I— | E— I | I—
P < 0.0002 P=0.248 P=0.317 P<0.0001
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determine whether any enhancement of the nuclear transloca-
tion of 3-catenin accompanied the reduction of E-cadherin. f3-
catenin expression in cytoplasmic membranes was unchanged
after chemotherapy (P=0.248), and the nuclear translocation
of -catenin was almost undetectable in all but one post-
chemotherapy specimen (Fig. 1c, d and Table 2). On exami-
nation of mesenchymal markers, significant upregulation was
found in fibronectin, but not in N-cadherin, between pre- and
post-chemotherapy (P<0.0001 and P=0.317) (Fig. 1e-h and
Table 2). The induction of a partial EMT seems very likely
after breast cancer chemotherapy, given the great importance
of the membranous expression of E-cadherin as a factor in
epithelial phenotypes.

Fig. 2 Immunohistochemical
comparison of SNAILI,
SNAIL2, TWIST1, and BMI1
between pre- and post-
chemotherapy of the same case in
human breast carcinoma speci-
mens. Immunostaining of
SNAILI1 (a, b), SNAIL2 (¢, d),
TWIST1 (e, f), and BMI1 (g, h) in
human breast cancer specimens
surgically resected after chemo-
therapy (afier) (a, ¢, e, g) and in
biopsied specimen of the same
case before chemotherapy
(before) (b, d, f, h). The immu-
nohistochemical scoring is also
shown

TWIST1 SNAIL2 SNAIL1

BMI1
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Neither SNAIL1, SNAIL2, TWIST1, nor BMI1 expression
was upregulated after chemotherapy in human breast cancer.

Next, we compared the expressions of SNAILI,
SNAIL2, TWIST1, and BMII between pre- and post-
chemotherapy. The nuclear expressions of SNAILI,
SNAIL2, and TWIST1 were shown to be significantly
downregulated, not upregulated, after chemotherapy
(P<0.05) (Fig. 2a—f and Table 3). We also observed a
significant downregulation of BMI1 expression after che-
motherapy (P<0.05) (Fig. 2g, h and Table 3). These
findings suggest that SNAIL1, SNAIL2, TWISTI, and
BMI1 are less likely to be involved in the partial EMT
under chemotherapy in human breast cancer.

chemotherapy

after before
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Table 3 Immunohistochemical results

(n = 50)
SNAIL1 SNAIL2 TWIST1 BMI1 RhoC NET1
after  before after  before after  before after  before after  before after  before
(++) 2 0 1 0 0 0 41 48 45 29 0 6
(+) 6 26 0 7 2 0 7 2 5 21 11 30
(x) 13 33 3 6 28 48 2 0 0 0 17 8
(-) 29 1 46 37 20 2 0 0 0 0 22 6
[ ] [ ] [ ] [ ] [ ] [ ]
P <0.0001 P<0.05 P <0.0005 P<0.05 P <0.0002 P <0.0001

RhoC is expressed at a higher level after chemotherapy
than before in human breast cancer.

Rho small GTPases are well established to play a key role
in cytoskeletal actin dynamics involved in the regulation of
cadherin-mediated cell-cell adhesion. Our earlier data on the
involvement of RhoC in endocrine therapy resistance in pros-
tate cancer [14] prompted us to compare the expressions of
RhoC and NET1 (a Rho-specific guanine exchange factor) in
human breast cancer specimens between pre- and post-che-
motherapy. RhoC expression was significantly more upregu-
lated in the specimens resected after chemotherapy than in the
specimens biopsied before the therapy (P<0.0002) (Fig. 3a, b
and Table 3). In contrast to our earlier finding in prostate
cancer [14], the expression of NET1 was significantly down-
regulated after the therapy (£<0.0001) (Fig. 3c, d and
Table 3). This alteration in RhoC expression suggests that
other Rho guanine nucleotide exchange factors may be

Fig. 3 Immunohistochemical
comparison of RhoC and NET1
between pre- and post-
chemotherapy in human breast
carcinoma specimens. RhoC

(a, b) and NET1 (¢, d) immuno-
staining in a breast cancer speci-
men surgically resected after che-
motherapy (after) (a, ¢) and in the
biopsied specimen of the same
case before chemotherapy
(before) (b, d). The immunohis-
tochemical scoring is also shown

involved in RhoC activation in breast cancer. The findings
also suggest that RhoC activation has the potential to reduce
the membranous expression of E-cadherin, possibly by regu-
lating actin dynamics, under human breast cancer
chemotherapy.

Stable transfection with a CA-RhoC plasmid into MCF-7
cells reduces membranous E-cadherin expression and disrupts
the organization of actin fibers.

We next investigated whether or not stable transfection of a
CA-RhoC expression plasmid into MCF-7 cells induces an
EMT process. An Rho activation assay (Fig. 4a) confirmed
the function of the transfected gene by revealing higher Rho
activity in MCF-7 cells expressing CA-RhoC than in parental
MCEF-7 cells. In immunocytochemistry and phalloidin stain-
ing, the CA-RhoC-expressing cells exhibited reduced E-
cadherin expression at the peripheries of the cancer cell nests
and disorganized actin fibers (Fig. 4c, d, f, g). In contrast, no

chemotherapy
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Fig. 4 Reduction of E-cadherin and disorganization of actin fibers in
CA-RhoC-expressing MCF-7 cells. Rho activation assay in transfectant
and parental MCF-7 cells (a). Cell extracts were prepared from
subconfluent CA-RhoC-expressing MCF-7 cells and parental MCF-7
cells with the lysate solution in the kit. Four hundred micrograms of
extracted protein was incubated with Rhotekin Rho-binding domain
agarose beads. The pellets were analyzed by Western blots using the
Rho antibody provided in the kit (Rho). The total levels of RhoA family
GTPases (Total), namely, RhoA, RhoB, and RhoC, are shown at the
bottom. Immunocytochemistry of E-cadherin (b, ¢, d). Transfectant
(CA-RhoC-1, -2) and parental (MCF) MCF-7 cells (1.2 x 10*/well) were
plated onto a 4-well chamber slide. The medium was exchanged once on
the next day and cultured for 6 h. The cells were fixed with 4 %
paraformaldehyde, incubated with the anti-E-cadherin antibody, and

signs of E-cadherin loss or actin fiber disorganization were
observed in the parental MCF-7 cells (Fig. 4b, e). In Western
blots using whole cell lysates, the overall E-cadherin levels
were comparable in the transfectant and parental cells
(Fig. 4h), suggesting that membranous E-cadherin expression
is disorganized in the CA-RhoC-expressing cells. Nuclear
localization of (3-catenin was undetectable in CA-RhoC-
expressing MCF-7 cells (data not shown). No significant
upregulation of SNAIL1, SNAIL2, TWIST1, or BMI1 was
found in CA-RhoC-expressing MCF-7 cells versus the paren-
tal cells in Western blots (Fig. 4h). These observations suggest
that RhoC is one of the regulatory factors involved in the
reduction of the membranous localization of E-cadherin.
Rho activity is not directly linked with resistance to
etoposide treatment in CA-RhoC-expressing MCF-7 cells.
We next analyzed effects of etoposide treatment on the
EMT process and RhoC expression in MCF-7 cells. RhoC
expression is elevated under etoposide treatment in the

@ Springer

CA-RhoC-1

reacted with an FITC-conjugated secondary antibody. The slide was
observed with a fluorescence microscope. Phalloidin staining (e, f, g).
Transfectant (CA-RhoC-1, -2) and parental (MCF) MCF-7 cells were
similarly plated and cultured onto a 4-well chamber slide. The cells were
fixed with 4 % paraformaldehyde, stained with rhodamine-labeled
phalloidin, and observed with a fluorescence microscope. Western blots
(h). Cell lysates were prepared from subconfluent CA-RhoC-expressing
MCE-7 cells and the parental MCF-7 cells with the lysis solution indi-
cated in the Materials and Methods section. The cell lysates (20 png) were
separated by SDS-PAGE electrophoresis and transferred onto PVDF
membranes. The blots were reacted with the antibodies of E-cadherin,
SNAILI1, SNAIL2, TWIST1, and BMII. Signals were detected with an
ECL prime kit. The bottom panel shows the loading controls of GAPDH

presence of E2 in MCF-7 cells (Fig. Sa). Although overall
levels of E-cadherin expression were unchanged (Fig. 5a),
immunocytochemistry displayed that membranous E-
cadherin expression is reduced at the peripheries of cancer
cell nests under etoposide treatment together with disorgani-
zation of actin fibers (Fig. Sb—i). Upon exposure to etoposide
in the presence of E2, the cell viability of CA-RhoC-
expressing MCF-7 cells was reduced to 49.8 and 51.4 %,
levels similar to that observed in the parental cells (48.8 %)
(Fig. 5j, k). In the absence of E2, the treatment with etoposide
mildly lowered the cell viability to 94.2 % (P<0.05) and
73.7 % (P=0.275) in the transfectant cells, versus 67.9 % in
the parental cells (Fig. 5j, k). In view of apoptosis, cleaved
caspase 3, a well-known apoptotic marker, was faintly detect-
ed only in the parental MCF-7 cells in the presence of E2
(Supplementary Fig. S1). In TUNEL assay, labeled cells were
at marginal levels in the parental and the trasfectant MCF-7
cells (data not shown). Both findings suggest that involvement
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Fig. 5 Effects of etoposide treatment in MCF-7 cells. Western blots (a).
MCF-7 cells (1.2 x 10°/dish) were plated in a phenol-red-free RPMI 1640
medium supplemented with 2 % FBS treated with dextran-coated char-
coal (dcc) in the absence of E2 and insulin. The cells were further cultured
for 5 days in a phenol-red-free RPMI 1640 medium containing 2 % dcc-
treated FBS in the absence or presence of 100 nM E2 and/or 10 uM of
etoposide, with medium changes every other days. Cell extracts were
prepared, and Western blots were similarly performed using anti-RhoC
and anti-E-cadherin antibodies. The bottom panel shows the loading
controls of GAPDH. Immunocytochemistry of E-cadherin (b, ¢, d, e)
and phalloidin staining (f, g, h, i). MCF-7 cells were similarly plated and
culture onto a 4-well chamber slide. After culture for 5 days, cells were

(E2)+VP16

of apoptosis is minimal under this dose of etoposide treatment.
Taken in sum, RhoC may not directly contribute to chemo-
therapy resistance in MCF-7 cells.

Discussion

As long as we know, this is the first report to compare various
EMT-related molecules in human breast cancer specimens of
the same patient before and after chemotherapy. Through this
comparison, we demonstrated a reduction of E-cadherin and
an upregulation of fibronectin in clinical breast specimens

(-)+VP16

(E2)+VP16

fixed with 4 % paraformaldehyde. The chamber slides were either stained
with rhodamine-labeled phalloidin or reacted with the anti-E-cadherin
antibody and then with an FITC-conjugated secondary antibody. The
slide was observed with a fluorescence microsocpe. MTT assay (j, k).
Parental (MCF) and transfectant (CA-RhoC-1, -2) MCF-7 cells (6% 10%/
well) were plated onto a 96-well plate in a phenol-red-free RPMI 1640
medium, supplemented with 2 % dcc-treated FBS. The next day, the cells
were either left untreated or cultured with 10 uM etoposide (VP16) in the
absence (—) or presence of 100 nM E2 (E2). The medium was changed
every other day. MTT assays were performed after incubation for 4 more
days. Percentages compared to the values of untreated cells are also
shown. The other trial gave a similar result

resected after chemotherapy. In earlier studies, BMI1 and
Snail and Twist homologs were found to take part in the
EMT-mediated therapy resistance of tumor cells [23-28].
Unexpectedly, no evidence of SNAIL1, SNAIL2, TWISTI,
or BMI1 upregulation was observed in the post-chemotherapy
specimens examined in the present study. Interestingly, sig-
nificantly more upregulation of RhoC was found in the spec-
imens resected after chemotherapy versus the specimens
biopsied before. Human breast cancer MCF-7 cells stably
transfected with the CA-RhoC plasmid exhibited an EMT-
like phenotype characterizing by reduced membranous E-
cadherin expression and disorganization of actin fibers. In
addition, RhoC was also upregulated in the similar EMT-like
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process under etoposide treatment in MCF-7 cells. Taken in
sum, RhoC may be a key regulator in the EMT-like process in
human breast cancer during chemotherapy. Notably, an earlier
study showed that RhoA silencing reverts the resistance to
doxorubicin in human colon cancer [29]. In another study,
RhoC overexpression was found to be independently predic-
tive of poor response to doxorubicin-based chemotherapy
[22]. These findings tempt us to speculate that RhoC is in-
volved in cell survival during chemotherapy in clinical breast
cancer. The present study, however, failed to demonstrate
significant chemotherapy resistance in CA-RhoC-expressing
MCF-7 cells in MTT assay. It is likely that the involvement of
the EMT-core regulators or BMI1 might be required for che-
motherapy resistance through EMT. To explore this issue, we
are now under investigation of cell survival signaling activat-
ed by EMT in clinical colon cancer specimens and cultured
colon cancer cell lines.

In conclusion, the present study showed that RhoC is more
upregulated in breast cancer specimens after chemotherapy
than before. Further, CA-RhoC-expressing MCF-7 cells had
the potential to reduce the membranous expression of E-
cadherin. RhoC may be an attractive molecule to prevent the
EMT process.
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