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Rho GDP dissociation inhibitors (RhoGDIs) can inhibit cell motility, invasion, and metastasis in cancer by inactivating
the RhoGTPases. A member of RhoGDI family has been consistently shown to interact with estrogen receptor (ER), and
change its transcriptional activity. ER is a receptor known to be inversely correlated with cell motility and invasion in
breast cancer. The consequence of RhoGDl« activity on migration and invasion of ER* and ER- breast cancers is not clear.
The aim of our study was to investigate the possible opposing effect of RhoGDIla on the migration and invasion of ER*
MCF7 and ER~ MDA-MB-231 breast cancer cells. RhoGDla was downregulated using short interfering RNA (siRNA) and
upregulated using GFP-tagged ORF clone of RhoGDle, and their ability for migration and invasion was assayed using
transwell chambers. It was found that the silencing of RhoGDIla in MCF7 and MDA-MB-231 cells significantly increased
migration and invasion of these cells into the lower surface of porous membrane of the chambers. Overexpression of
RhoGDla in MCF7 cells suppressed their migration and invasion, but no significant effect was found on MDA-MB-231
cells. Our results indicate that the downregulation of RhoGDla similarly affects the in vitro migration and invasion of ER*
MCF7 and ER- MDA-MB-231 cells. However, our assays are differently affected by the upregulation of RhoGDl« in these
two cell lines and this may be due to the differences in ER expression, primary invasive ability and/or other molecules

between these two cell line models which warrant further investigation.

Introduction

The spread of cancer cells from the primary site to a distant
organ, or metastasis, accounts for the majority of cancer-related
deaths. The molecular mechanisms of metastasis are largely
unknown. Recent evidence has indicated that the ability of can-
cer cells to migrate and invade into surrounding tissues are pre-
requisite for cancer spread and metastasis, and studies have thus
been directed to identify molecules that contribute to cancer cell
motility, migration, and invasion.! Agents that specifically target
the motility of tumor cells are not only potentially more effective
at treating metastasis but also eliminate the side effects of the
current generally acting therapies.

A group of proteins identified in several cancer studies
as prognostic-related biomarkers include the Rho GDP dis-
sociation inhibitor (RhoGDI) family of proteins. RhoGDIs
were initially identified as negative regulators of RhoGTPases.
RhoGDIs, by inhibiting the release of GDP and the load-
ing of GTP from RhoGTPases, sequester RhoGTPases in the
cytosol. RhoGTPases exist either in an inactive, GDP-bound
form in the cytosol or an active GTP-bound form associated
with membranes. RhoGTPases control all aspects of cellular

motility, migration, and invasion, including cellular polarity,
cytoskeletal organization, in addition to cellular proliferation
and apoptosis.*®

Despite the fact that it was initially thought that RhoGDIs
activities are restricted to the inhibition of RhoGTPases, recent
data indicate that the function of RhoGDIs is more complex.
RhoGDI family of proteins comprises three members: RhoGDla,
RhoGDIB, and RhoGDIy.>> RhoGDlIa is the most abundant
and well-known member of the family. In addition to its inter-
action with several RhoGTPases, it binds to estrogen receptor
(ER),*>*? a molecule with remarkable impact on breast cancer
invasion. Marzouk et al. showed that overexpression of RhoGDIa
enhanced ER-mediated transcriptional activation. Gene silencing
of the RhoGDIa using small interfering RNA (siRNA) showed
that ER protein was increased when RhoGDIa was downregu-
lated. This increase was observed only in the absence of estra-
diol in culture, but not in the presence of estradiol.” Su et al.
also reported positive relationship between the Rho GDIa and
ER activity. In their study, Rho GDIa positively regulated ER
transcription by stimulating the transcriptional activity of CBP/
p300. Their study concluded that this in turn recruited GRIP1,
AF-1, and AF-2 to the ER promoter to increase ER transcription.’

*Correspondence to: Rozita Rosli and Zahra Mojtahedi; Email: rozita@medic.upm.edu.my and mojtahedizahra@hotmail.com

Submitted: 05/03/12; Revised: 03/02/13; Accepted: 03/05/13
http://dx.doi.org/10.4161/cam.24204

www.landesbioscience.com

Cell Adhesion & Migration 297

Do not distribute.

I0Science.

©2013 Landes B



o]

8 B MCF7

_g [] MCF7 + E2
g 10¥107% [ MDA-MB-231
5 2 MDA-MB-231 + E2
o % 8.0x10-5

23

D T 6.0x10°54

cf8

-g g 4.0x10°5

n S

2 g 2.0%x10°°4

X 0

(U o

[}

=

Rt

[ o

_— 4

) &

4 S

B,
=
x
2 o0 — MCF7
5 -~ MDA-MB-231
% é 801
[
g g 604
59
= 40]
s 2
g g 201
g o
é \_06 x& &Q » ,\‘1’9
@ & &’ & o
8 .
&P L P
&8 o xS
2 2y 2

Figure 1. RhoGDla mRNA expression in MCF7 and MDA-MB-231 cells. (A) Relative RhoGDIa mRNA levels between untreated MCF7 and MAD-MB-231
cells with or without E2 were not significantly different. RhoGDla expression was decreased at 24, 48, and 72 h after transfection with siRNA. Values
represent averages of three independent experiments with error bars indicating the standard deviation. (B) The total mRNA levels in untreated cells
were set as 100%. mRNA expression levels showed 90% decrease at 24 and 48 h after siRNA treatment in both cell lines.

In contrast, Barone et al. found that overexpression of RhoGDIa
decreased ER-mediated transcriptional activation.®

In vivo studies suggested that RhoGDIa has prognostic value.
Jiang et al. found that RhoGDIa expression was significantly
lower in tumor than in normal tissues. They showed that lower
RhoGDIa expression was associated with higher grade and nodal
involvement, metastases and death in breast cancer.” In compar-
ing gene expression of primary tumors from tamoxifen-treated
patients with no recurrence or progression during the therapy,
Barone et al. found RhoGDIa as a highly significant under-
expressed protein in the latter group. They subsequently demon-
strated that silencing of the RhoGDIa expression in ER* MCF7
cells conferred them highly metastatic in an animal model.®
However, the consequence of RhoGDla silencing in ER™ cells
was not assessed. Others found that higher RhoGDla levels were
significantly contributed to more favorable prognosis in cyclo-
phosphamide, methotrexate, and 5-fluorouracil treated patients.
A lower percentage of cases were reported with high RhoGDla
expression on ER™ (40% ER- vs. 59% ER"), but the difference did
not reach statistical significance (P = 0.07), that might be due to
the low number of the patients."

Two models of ER* and ER- breast cancers are MCF7 and
MDA-MB-231 cell lines, respectively.! RhoGDIla has been
detected in cytosolic fractions of both cell lines using western
blotting with no significant different levels of expression.” In con-
trast to MDA-MB-231, which is a highly migratory and inva-
sive cell line, MCF?7 has a low migratory and invasive activity as
assessed using transwell chambers.'>'?

Considering the impact of ER on the invasiveness of breast
cancer, and direct binding of ER and RhoGDI,%* a partly dif-
ferent role for RhoGDIa in invasion and migration of ER* and
ER- breast cancers is not unlikely. The importance of this the-
ory is underscored by the opinion that effects of RhoGDIs on
tumors are evidently multifaceted, and even a single Rho family
member can have opposite effects in different types of a tumor.?
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Accordingly, the aims of this study were to investigate the conse-
quence of RhoGDla silencing and overexpression on migration
and invasion of MCF7 (ER*) and MDA-MB-231 (ER") breast
cancer cell lines with or without 17B-estradiol (E2).

Results

Downregulation and upregulation of RhoGDIa. Real-time
PCR and western blotting using specific antibody revealed no
significant difference of RhoGDIo in MCF7 cells compared with
MDA-MB-231 cells in both mRNA level and protein expression
(Figs. 1A and 2). To assess the possible roles of RhoGDla in
the aggressiveness of ER* MCF7 and ER- MAD-MB-231 cells,
the cells were transiently downregulated using lipofectamine
and RhoGDla siRNA, or upregulated using lipofectamine and
RhoGDIa plasmid with or without E2. There was no significant
difference in the RhoGDIoe mRNA expression with or without
E2 (Fig. 1A).

Real time PCR revealed that more than 90% RhoGDIa
expression decreased in both cell lines after 24 and 48 h (Fig. 1B).
Immunobloting using specific antibody 48 h post-transfection
showed a hardly visible band for RhoGDIo. GAPDH was used
as loading control. Representatives of MCF7 and MDA-MB-231
cells are shown in Figure 2.

Transfection efficiency in both breast cancer cell lines, MCF7
and MDA-MB-231 for RhoGDla upregulation, were confirmed
in three independent experiments by fluorescent microscopy and
flow cytometryanalysis after 24-72 h post-transfection. The
maximum of fluorescent events (M2) was observed 48 h post-
infection (72% after 48 h vs. about 50% after 24 h or 72 h).
The percentage of cells expressing GFP protein was calculated
by dividing the number of fluorescent events by the total events
(M1 + M2). Western blotting with specific antibody was per-
formed 48 h after transfection, which indicated upregulation of
the RhoGDla in both cell lines (Fig. 2B). The western blot was

Volume 7 Issue 3

©2013 Landes Bioscience. Do not distribute.



quantified using Image] software. Overexpression RhoGDIa
level in both cell lines MCF7 and MDA-MB-231, showed more
than three times higher than the controls. The western blotting
was repeated three times with the same results.

Migration and invasion assay. Transwell chambers with-
out matrigel (migration assay) or with a layer of 25 pg/cm?
matrigel (invasion assay) were employed to explore the pos-
sible role of RhoGDIa in migration and invasion of MCF7
and MDA-MB-231 cell line models. We counted the cells that
migrated or invaded onto the lower surface of the porous mem-
brane using an inverted microscope Olympus CKX41.

We observed that the numbers of migrated and invaded cells in
MCEF7 and MDA-MB-231 cells treated with RhoGDIa siRNA
were significantly higher than those treated with control siRNA
(P < 0.05) (Fig. 3). There was no significant difference in the
number of cells between E2 treated and untreated experiments.

As shown in Figure 3B, in contrast to downregulation of
RhoGDla, its overexpression decreased the number of migrated
and invaded cells in MCF7 (P < 0.001). However, overexpres-
sion of RhoGDIa was not significantly associated with the ability
of MDA-MB-231 cells for migration and invasion through the
membrane of the transwell chambers (P> 0.05). The presence or
absence of E2 did not change the number of migrated or invaded
cells.

Proteomic analysis. Two differentially expressed protein
spots from 2D gels derived from RhoGDla overexpressed
MDA-MB-231 cells that one protein was identified by mass
spectrometry as RhoGDIa while other one was not identified.
RhoGDIa position on gels is shown in Figure 4.

Discussion

It is well known that RhoGDla binds directly to ER. Knowledge
regarding the importance of this interaction in migration
and invasion of ER* and ER" breast cancer is relatively poor.
Previously, Jiang et al. showed that RhoGDIa expression was sig-
nificantly lower in tumor tissues than in normal ones, and that
under-expression of RhoGDIa was associated with higher grade
and nodal involvement, metastases and death in breast cancer.
However, they did not report the ER status in the patients stud-
ied.? In another study, lower RhoGDIla expression was associated
with poorer prognosis in cyclophosphamide, methotrexate, and
5-fluorouracil treated breast cancer patients, and an insignifi-
cant higher percentage for ER positivity was observed in cases
with upregulation of RhoGDIa (59% ER* vs. 40% ER") in that
subgroup.

In the present study, the migration and invasion of the ER*
MCEF7 and ER-MDA-MB-231 cell lines were assayed after silenc-
ing and also upregulating the RhoGDIa gene in the presence or
absence of E2. We found that silencing the RhoGDla gene in
ER* MCF7 and ER- MDA-MB-231 cell line models significantly
increased their migration and invasion through transwell mem-
branes. Our results may be interpreted by the well-known role
of RhoGDI« as an inhibitor for RhoGTPases such as Rac, Rho,
and Cdc42, the strong stimulators of motility, migration, and
invasion of cancer cells.* We cannot disregard the fact that other
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Figure 2. Representative western blot of RhoGDIl« in MCF7 and MDA-
MB-231 cells 48 h after transfection with RhoGDla-specific siRNA or
siRNA control (A) and upregulation of RhoGDla or control (B). GAPDH
was used as loading control.

differences between MCF7 and MDA-MB-231 cell lines cover
the possible different effects on invasion of RhoGDIa on ER*
and ER- breast cancer cells. It has been shown that MCF7 cells
in which RhoGDIa expression had been silenced had increased
levels of activated Rho GTPases including Cdc42, Rac-1, and
Rho A, B, and C.° Such data are not available for ER" cancer
cell lines.

Here, the upregulation of RhoGDla significantly decreased
the number of migrated and invaded cells in MCF7 cells com-
pared with control cells, but did not affect those in MDA-MB-231
cells. One can argue that the highly invasive phenotype of
MDA-MB-231 cells cannot be affected by the upregulation of
just one molecule. Alternatively, the differential expression of ER
or other interacting molecules with RhoGDIa between these cell
lines might have caused the observed differences of MCF7 and
MDA-MB-231 cells in response to RhoGDla overexpression.

Interestingly, in our study, only 2 spots were reproducibly dif-
ferentially expressed between 2D gels from MDA-MB-231 cells
overexpressed RhoGDIa and controls. One of the proteins was
identified as RhoGDIa while the other one was not identified prob-
ably because of low concentration. Preliminary data indicate sev-
eral differentially expressed proteins between other circumstances
that deserve further attention for their characterization. Consistent
with our findings on 2D gels, it has been previously observed that
the number of genes showing more than 2-fold changes was much
higher in MCF7 (7 = 435) than in MDA-MB-231 (z = 18) in
response to the stimulation by protein kinase C (PKC)-activator
phorbol 12-myristate 13-acetate (PMA).”* This can partly be
explained by differential activity of PKC in ER* MCF7 and ER-
MAD-MB-231 cells, and a high PKC activity in absence of ER."
PKC has been shown critical role in the RhoGDIa phosphoryla-
tion, which leads to dissociation from Rho and Rho activation.?
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Figure 3. (A) Representative photo-
graphs of MCF7 and MDA-MB-231

cells invasion assays. Downregulation
(@) and upregulation (b) of RhoGDle,
increased and decreased, respectively,
the numbers of invaded cells in MCF7
compared with control (c). The num-
bers of invaded cells in MDA-MB-231
cells treated with RhoGDla siRNA (d)
was increased in comparison to the
upregulation (e) and control (f). (B) The
mean numbers/per field of traversed
cells onto the lower surface of porous
membrane of transwell chambers after
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between MCF7 cells in different
& laboratories."

Theoretically, in transwell cham-
bers, the number of the migrated cells
might be higher than the invaded
cells which traverse from a thicker
barrier coated with matrigel. We did
not find any significant differences

Migration

between migration and invasion of
either MCF7 cells or MDA-MB-231
cells. Yokotsuka et al. found simi-
lar results in the case of MCF7 and
MDA-MB-231 cells while SKBR3
and AU565 breast cancer cell lines
¥ showed a significantly higher num-

ber of penetrated cells in the absence
X of matrigel (migration) than in the
presence of matrigel (invasion)." The
o reason for such differences across cell

lines has not been well understood.

Whether the insignificant effect of RhoGDIa on MDA-MB-231
cells in our study might be due to constitutively high PKC activity
in these cells need more investigations.

Some other findings in our experiments were consistent or
inconsistent with previous reports. Similar to a previous report,'!
we found that MDA-MB-231 cells had a significantly higher
ability for migration and invasion compared with MCF7 cells.
Furthermore, we did not observe any significant difference in
MCEF7 and MDA-MB-231 migration and invasion with or with-
out E2. In contrast to the general agreement on insignificant
effect of E2 on ER- MDA-MB-231 cells, traversing MCF7 cells
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In conclusion, we found that
downregulation of RhoGDIa in
MCF7 and MDA-MB-231 cells increased the invasion and
migration of these cells, while its upregulation only influenced
the MCF7 cells in an inhibitory manner. Although ER has a
direct interaction with RhoGDIa, it seems that the differential
expression of ER between these two cell lines does not critically
affect the activity of RhoGDIa in these two cell line models.

Materials and Methods

Cell culture and treatments. Breast cancer «cell lines
MDA-MB-231 and MCF7 were purchased from National Cell
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been labeled.

Figure 4. Representative of 2D gels from MDA-MB-231 cells overexpressed RhoGDla (A) and controls (B). The differentially expressed proteins have

Bank of Institute Pasteur of Iran. They were cultured in phe-
nol red-containing RPMI-1640 supplemented with 10% fetal
bovine serum (FBS), 100 unit/ml penicillin and 100 pg/ml
streptomycin under standard conditions (37 °C incubator with
95% humidified air and 5% CO,). In preparation for cell migra-
tion and invasion assays, the cells were then subcultured into
phenol red-free media (it has been shown that the pH indicator
phenol red can act as a weak estrogen?®) containing 5% charcoal-
dextran treated calf serum (CDCS) and grown for 2 d to allow
adaptation.

Transient gene transfection (gene silencing and overexpres-
sion). The maximum transfected cell rates were given by 40-50%
cell confluence for gene silencing experiments and 80-90% cell
confluence for overexpression experiments. Therefore, 2-2.5 x
10° cells for gene silencing experiments and 4-4.5 x 10° cells
for overexpression experiments in 2 mL phenol red-free media
containing 3% CDCS without antibiotic were seeded into each
well of a 6-well plate. After 24 h, the cells were transfected with
either duplexes of RhoGDIla-specific siRNAoligos (00058983
and 00337331, Sigma), scrambled control siRNA (Sigma),
green fluorescent protein (GFP)-tagged clone of homo sapience
RhoGDP dissociation inhibitor a plasmid (Origene), or control
plasmid pCMV-AC-GFP (Origene) using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions.

Briefly, for gene silencing, 7 wL of Lipofectamine 2000 and
5 wL of 20 pM siRNA stock solutions were separately diluted in
250 wL RPMI-1640 (Invitrogen). After 5 min incubation at room
temperature, they were combined and mixed gently for 20 min at

www.landesbioscience.com

room temperature to allow complex formation. The 500 pL mix-
ture was added drop wise onto a well while rocking the plate back
and forth. The plates were then transferred to a 37 °C humidified
CO, incubator. Following 6 h incubation, media were replaced
with phenol red-free RPMI 1640 containing 3% CDCS (without
antibiotic) for an additional 24—72 h with or without 10 nM E2.

For overexpression experiments, the procedure was the same,
except that 3 pg of either test or control plasmid was used instead
of siRNAoligos for each well. For confirmation of gene silencing,
western blotting and quantitative real-time PCR and for overex-
pression experiments, fluorescence microscope, flow cytometry,
and western blotting were performed.

Quantitative real-time PCR. Quantification of gene expres-
sion at mRNA level was performed via quantitative real-time
PCR using a Bio-Rad (Chromo4 Real-time PCR Detector, Bio-
Rad) system. Total RNA was extracted from breast cancer cell
lines using an RNA isolation kit (Roche), and the cDNA was
made from the total RNA using revert Aid H Minus First Strand
c¢DNA Synthesis Kit (Fermentaze) according to the manufac-
turers’ protocols. The primers and probes for RhoGDlIa, and
18S rRNA were designed with Primer 3 software (SourceForge,
Geeknet Inc., http://sourceforge.net/about).

Primer sets for: RhoGDIa 5-GCC GTT TCC GCA GAC
CCC AA-3' (forward primer), 5-TCT CCA GGT CGC CCG
TCA GG-3' (reverse primer), and 5-FAM-TGA CTG GCC
TGA CCC TGG TGT GCA GCT CGG-TAMRA-3' (probe),
and 18S rRNA 5-CCA CCA GGA GTG GAG CCT GC-3'
(forward primer), 5-AGA ACG GCC ATG CAC CAC CA-3'
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(reverse primer), and 5-HEX-ACC TCA CCC GGC CCG GAC
ACG GAC A-TAMRA-3' (probe). Each sample was normalized
on the basis of 18S rRNA expression. The levels of mRNA were
assayed in 2472 h after transfection.

Immunoblot analysis. For the detection of protein expression
levels, MCF7 and MDA-MB-231 cells were lysed in 2x Laemmli
buffer containing cocktail protease inhibitors (Roche), and 20 pg
of the lystates from each cell line was subjected to electrophoretic
separation using 12% SDS-PAGE. The gels were then transferred
to PVDF membranes (Bio-Rad) using a semi-dry system (Bio-
Rad). The western blots were probed using antibodies directed
against RhoGDIa (1/100) (ab93735, Abcam) and anti-actin
(Abcam) as loading control. After washing, blots were incubated
with secondary antibody horseradish peroxidase conjugated anti-
body (Abcam). ECL kit (GE Healthcare) was employed for the
detection of the bands.

Migration assay. Migration assays were performed using
24-well transwell chambers (BD BioCoat Control Inserts from
BD Biosciences) with 8.0-wm pore size polycarbonate mem-
brane according to the manufacturer’s recommendations. Briefly,
MCF7 and MAD-MB-231 cells 48 h after treatment with siRNA
or plasmid were washed twice with PBS and resuspended in
starvation medium (RPMI-1640 plus 1% CDCS). In the lower
chamber of each well, 600 WL of the NIH-3T3 conditioned
media as the chemoattractant, and in the upper chamber, 100 pL
starvation media containing 6 x 107 cells were added. After
20 h incubation at 37 °C, the non-migratory cells on the upper
side of the membrane were removed with a cotton swab. The
migrated cells on the underside of the membrane were then fixed
and stained with a solution containing 2.0% ethanol and 0.2%
Crystal Violet. The cells were then counted in 10 randomly sepa-
rate fields per membrane using an inverted microscope (Olympus
CKX41) at 200x magnification. Three independent experiments
in triplicate were performed. The numbers of migrated/invaded
cells were presented as the mean cells per field + SD from three
independent experiments.

Invasion assay. The invasion assay was identical to the above
migration assay except that 1 mg/mL Matrigel (BD Bioscience)
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Statistical analysis. All values are expressed as mean + SD.
Statistical analysis was performed using the Student # test. Two-
sided P values less than 0.05 were considered as statistically
significant.
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