
Abstract. The aim of this study was to elucidate the
localization of RhoA in human cancer tissues and cancer
cell lines. Immunohistochemistry and immunofluorescence
microscopy were used to determine the localization of RhoA
in cancer tissues and cell lines, respectively. Western blotting
was used to determine the quantity of RhoA in cell nucleus,
cytosol and membrane. Immunofluorescence microscopy
revealed that in all cell lines examined in this experiment
(including SGC-7901, HeLa, A549 and SW480), RhoA was
localized not only on the membrane, in the cytosol, but also
in the nucleus. Within the nucleus its precise localization was
in the nucleolus. In the transformed gastric epithelial cell line
GES, RhoA was also found to be localized on the membrane,
in the cytosol and the nucleus, but the nuclear location was
less than that of cancer cell lines. Immunohistochemistry
microscopy revealed that in cancer tissues the nuclear RhoA
was obviously more than that of para-cancer tissue; in the
cancer tissues undergoing inflammation and necrosis, nuclear
RhoA was even higher. RhoA is generally distributed in the
nucleus of cells and the distribution increases when the cells
undergo tumorigenesis, suggesting a new role for RhoA.

Introduction

RhoA is the most extensively studied member of the Rho
GTPase family which belongs to the Ras super family of
small G proteins. It plays an important role in signal trans-
duction and has been reported to regulate many biological
activities including the formation of stress fibers (1), gene
transcription (2), membrane transport and focal adhesions
(3) and tumor progression (4).

For a long time, numerous study data (5-7) indicated
that RhoA protein mainly distributes in cytoplasm and on
membrane, especially in cytoplasm. However, our previous
study (8) indicated that the distribution of RhoA in SGC-
7901 cells was not only in the membrane and cytoplasm but

also in the nucleus, suggesting a new role for this small G
protein. To study this phenomenon further, experiments were
designed to detect the nuclear localization of RhoA in
different cancer tissues and cancer cell lines.

Materials and methods

Cell lines. Human gastric cancer cell line SGC-7901, human
cervix cancer cell line HeLa, human colon adenocarcinoma
cell line SW480 and human lung cancer cell line A549 were
obtained from Institute of Cell Biology of Chinese Academy
of Sciences (Shanghai, China). The transformed human
gastric mucosa epithelial cell line GES was a kind gift from
Dr Tianji Zhou, Jiangsu University, China.

Cancer tissue samples. The cancer tissue specimens were
provided by the Pathology Faculty, pertaining to First People
Hospital of Jiangsu University.

Reagents. Dulbecco's modified Eagle's medium (DMEM)
was from Gibco (Grand Island, NY). New-born calf serum
(NBCS) was from Minhai Bio-engineering Co. (Lanzhou,
China). Mouse monoclonal antibody against RhoA was from
Santa Cruz Biotechnology (Santa Cruz, CA). Horseradish
peroxidase (HRP)-conjugated secondary antibody was from
Jackson ImmunoResearch Laboratories (West Grove,
PA). Electrochemiluminescence (ECL) reagents were from
Amersham Biosciences (Buckinghamshire, UK). SABC-
FITC immunohistochemistry reagents were from Boster
Bio-engineering Co. (Wuhan, China).

Cell culture. The cells were cultured in DMEM supple-
mented with 10% NBCS and maintained at 37˚C in a humi-
dified atmosphere of 5% CO2. The medium was changed
every two days and the cells were subcultured at confluence. 

Immunofluorescence microscopy. The cells grown on cover
slips were fixed with freshly prepared paraformaldehyde
(40 g/l in PBS) for 30 min. After being penetrated with
30 ml/l Triton X-100 and blocked with 30 g/l BSA, the
cells were incubated with the primary antibody at 4˚C over-
night (o/n) and then with fluorescein isothiocyanate (FITC)
or  tetrarhodamine isothiocyanate (TRITC)-conjugated
second antibody for 1 h at room temperature (RT), with
three washes after each incubation. The distribution of
target protein of the cells was analyzed by fluorescence
microscopy.
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Immunohistochemistry. Specimen was fixed with freshly
prepared 100 g/l paraformaldehyde, paraffin-embedded,
and sliced up continuously. Every slice underwent antigen
repair through heating twice in microwave oven at 92-94˚C
for 5 min.  The primary antibody was mouse monoclonal
anti-RhoA and the second antibody is horseradish peroxidase
(HRP)-conjugated goat anti-mouse. DAB was to show the
localization of RhoA protein.

Preparation of nucleus and cytoplasm samples. According to
a method descibed previously (9) cells were extracted by
Dounce homogenization in HEM buffer (10 mmol/l Hepes
pH 7.5, 2 mmol/l EDTA, 1 mmol/l MgCl2). The homogenate
was centrifuged at 500 x g at 4˚C for 5 min to obtain nuclear
proteins, and the supernatant was centrifuged at 37 000 x g
at 4˚C for 30 min. The supernatant and the pellet from the
second centrifugation are referred as cytosol and membrane,
respectively. The membrane preparation was washed twice
with HEM buffer to remove contaminating cytosol. Protein
concentrations were determined and equal amounts of protein

from each preparation (30 μg) were subjected to SDS-PAGE/
Western blotting using mouse monoclonal anti-RhoA (1:200)
and GAPDH (1:5000) antibodies.

Western blotting. Sample proteins were run on 10% SDS-
polyacrylamide gels, and were blotted onto polyvinyl
difluoride (PVDF) membrane. The PVDF membrane was
blocked with 3% (w/v) bovine serum albumin (BSA) in
TBS-T for 1 h at room temperature (RT). Membranes were
incubated with the primary antibody at 4˚C o/n, and with the
secondary antibody for 1 h at RT, with three washes after
each incubation. Electrochemiluminescence reagents were
used to show the positive bands on the membrane. The bands
on film were analyzed with GeneSnap/Gene Tool software
from Syngene (Cambridge, UK).

Statistical analysis. Data are expressed as mean ± SE.
Statistical analysis was performed using SPSS 13.0 edition
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Figure 1. Nuclear localization of RhoA in different cancer cell lines. Human
gastric cancer cell line SGC-7901, human cervix cancer cell line HeLa,
human colon adenocarcinoma cell line SW480 and human lung cancer cell
line A549 were immunofluorescently stained with a specific mAb against
RhoA and the results showed that in all cell lines, RhoA was localized on
the membrane, in the cytosol, and mainly in the nucleus (original
magnification, x400).

Figure 2. Localization of RhoA in SGC-7901 cells. SGC-7901 cells were
lysed and membrane and cytosol (M+C), and nucleus (N) fractions were
obtained. Expression of RhoA in each fraction was detected by Western
blotting.

Figure 3. Localization of RhoA in gastric cancer cell line SGC-7901 and
transformed gastric epithelial cell line GES. RhoA was immunofluorescently
stained with a specific mAb and the result showed that in both SGC-7901
and GES cells, it was localized on the membrane, in the cytosol and in
the nucleus but with some discrepancy: in SGC-7901 RhoA was mainly
localized in the nucleus, but in GES the localization of RhoA was almost
equal in the three fractions of the cells (original magnification, x400).

Figure 4. The expression of RhoA in SGC-7901 and GES cells. (A) Western
blotting: SGC-7901 and GES cells were lysed and membrane and cytosol
(M+C), and nucleus (N) fractions were obtained. Expression of RhoA and
GAPDH in each fraction was detected. (B) Western blotting results were
analyzed by SPSS 13.0 Tool software and the volume ratio of RhoA/GAPDH
input was calculated and presented. Each bar represents mean ± SE
obtained from three independent experiments. In (B), lane 1, the expression
of RhoA in the nucleus of GES; lane 2, the expression of RhoA in the mem-
brane and cytosol of GES; lane 3, the expression of RhoA in the nucleus
of SGC-7901; lane 4, the expression of RhoA in the membrane and cytosol
of SGC-7901. Compared with lane 1, aP<0.001; compared with lane 2,
bP<0.001; compared with lane 3, cP<0.05.
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program for ANOVA with the Scheffè multiple comparison
test. Probability value at P<0.05 was considered statistically
significant.

Results

The nuclear localization of RhoA is found in different cancer
cell lines. Immunofluorescence microscopy showed that in 4
cancer cell lines (SGC-7901, HeLa, A549 and SW480 cells),
RhoA was localized on the membrane, in the cytosol, and
mainly in the nucleus (Fig. 1). Within the nucleus its
precise localization was in the nucleolus. Western blotting
showed similar localization of RhoA in SGC-7901 cells
(Fig. 2).

Nuclear distribution of RhoA is related to the malignancy of
the cells. Results of immunofluorescence staining (Fig. 3)
and Western blotting (Fig. 4) showed that SGC-7901 had
more RhoA proteins than transformed gastric epithelial
cell line GES. Moreover, nucleus distribution of RhoA
was more than membrane and cytosol in SGC-7901. On
the other hand, however, nucleus, membrane and cytosol
distribution of RhoA was not obviously discrepant in GES.

RhoA is generally distributed in nuclei of cancer tissues.
Immunohistochemistry staining (Fig. 5) of different cancer
tissues including colon cancer, breast cancer, esophagus
cancer and gastric cancer showed that the nuclear
localization of RhoA was found in each type of cancer tissue.
But in para-cancer tissues the nuclear distribution of RhoA
was only slight.

More RhoA proteins are distributed in the nuclei of
necrotizing cancer tissues. Immunohistochemistry staining
(Fig. 6) of cancer tissues, para-cancer tissues, and necrotizing
cancer tissues revealed that RhoA distribution in necrotizing

cancer tissues was more than that of cancer tissues and para-
cancer tissues.

Discussion

This study detected the nuclear localization of RhoA in
cancer tissues, para-cancer tissues, necrotizing cancer
tissues, and several cell lines including gastric cancer cells
and transformed gastric epithelial cells. The results of
immunohistochemistry, immunofluorescence microscopy
and Western blot analysis revealed that the nuclear loca-
lization of RhoA protein was extensive and general, with
discrepancy between cancer tissues and para-cancer tissues,
cancer tissues and necrotizing cancer tissues, cancer cells
and transformed gastric cells, respectively. Furthermore,
RhoA protein expressed excessively in cancer cells,
consistent with the findings of Pan et al (10).

It is well known that RhoA protein acts as a molecular
switch in the cells. Like other small guanine nucleotide-
binding proteins, RhoA has GDP-bound inactive and GTP-
bound active forms. These two forms can be converted by
GDP/GTP exchange or GTPase reactions (11). Typically,
small G-proteins mainly play their role in cytoplasm and on
membrane. However, recent research data showed that some
small G-proteins had cytoplasma-nucleus dual distribution
and the nuclear translocation of small G protein was usually
accompanied by the activation of the protein (12-15). For
example, nuclear localized Ras protein is in GTP-bound
form and this localization was possibly associated with the
malignancies of the cell (15). The results of this research
confirmed that cytoplasm-nuclear dual distribution of RhoA
was a general phenomenon and more RhoA proteins were
localized in the nuclei of cancer cells. Our previous results
showed that active RhoA was the main form of this protein
localized in the nucleus (8). Both of these suggested a
new function of this small G protein. However, the role of
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Figure 5. Distribution of RhoA in different cancer tissues. RhoA was immunohistochemically stained with a specific mAb in the colon cancer, galactophore
cancer, esophagus cancer and gastric cancer. The results showed that RhoA was localized in the membrane, cytosol and the nucleus of the tissues. However,
RhoA in the cancer tissues was more than para-cancer tissues, especially in the nucleus (original magnification, x400).
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RhoA protein in the nuclear localization is still unknown.
Its elucidation will be helpful to further our knowledge on
the mechanisms of the migration and the invasive growth of
cancer cells, and may potentially lead to novel therapeutic
approaches.

Protein importing into the cell nucleus is a typical tran-
sport process between the cytosol and the nucleus. In order to
enter the nucleus, proteins larger than about 60 kDa generally
require a specific nuclear localization signal (NLS) (16).
Protein molecules can bind with transporting protein such
as importin via NLS and get into the nucleus through an
ATP-dependent process (17). However, the molecular mass
of RhoA is 21 kDa and there is no NLS in its protein
structure. We suppose that the molecular mechanism of
RhoA protein transportation to the nucleus was not through
the classic transportation pathway, but diffusion. Related
experiments are being performed in our laboratory to
validate this supposition.

This study also proved that more RhoA proteins were
distributed in the nuclei of necrotizing cancer tissues. Research
data indicated that when the cell encounters oxidation stress
damage, expression of some proteins may increase, and
the proteins may be rapidly transported into the nucleus
and congregate there (18). Generally, stimuli that promote
protein expression are also able to promote its intracellular
movement, most of them are cytoplasm-to-nucleus trans-
locations (19). Some researchers considered that the protein
into the nucleus was related to the high metabolic or low
proliferative rates induced unbalance of redox state (20,21).
In response to stress conditions or other stimuli, such as
hypoxia, hyperoxia, mechanical stress, cAMP, hypotonic
media, vasoactive agents and inflammation, several cell types
release ATP via either a non-lytic or a lytic mechanism from
necrosis and apoptosis, reaching high local concentrations
(22,23). High ATP-mediated metabolic stimuli may induce
quick cytoplasm to nucleus translocation of the protein. On
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Figure 6. Nuclear localization of RhoA in different parts of cancer tissues. RhoA was immunohistochemistrily stained with a specific mAb in the different
parts of the different cancer tissues. The results showed that the necrotizing cancer tissues had more RhoA than non-necrotizing cancer tissues and para-cancer
tissues, especially in the nucleus. (Original magnification, x200 and x400).
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the other hand, when the tissue cells undergo pathogeny
body, they induce certainn inflammation factors or media,
such as TNF-· (24). Fiemu et al (25) found that Rho inhibition
might markedly decrease TNF-induced MAPK activation,
at the same time proved that TNF could induce activation
of upstream of ERK and P38 MAPK, and MAPK could
increase the activation of GTP-binding protein Rho (25-28).
It was consistent with the involvement of RhoA in TNF
signaling upstream of the MAPKs. These inflammation and
necrosis factors are likely to induce RhoA also into the
nucleus. However, the exact mechanism is still unknown and
needs further study.

According to its new localization, our results provide
new insight into some unknown functions of the RhoA
protein. 
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