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Abstract

AIM: To elucidate the role of Rab23 in hepatocellular
carcinoma (HCC) by assessing the expression of Rab23
in HCC tissue and in HCC cell lines.

METHODS: Primary tumors (#» = 100) were stained
with Rab23 antibodies using immunohistochemistry and
/n situ hybridization in tissue microarrays. Relationships
between gene expression and pathology parameters
were analysed. The biological significance of Rab23
in Hep-3B cells was examined by knocking down
Rab23 gene expression. We designed a pair of double-
stranded RNAs against human rab23 and transfected
SiRNA into Hep-3B cells. Rab23 expression in these cells
was examined using RT-PCR and Western blots. We
investigated cell growth by MTT assays and fluorescence-
activated cell sorting.

RESULTS: High cytoplasmic and nuclear expression of
Rab23 was found in 38 of 71 (53.5%) and in 49 of 68
HCC patients (72%) respectively, which correlated with
tumor size. HCC cell lines expressed Rab23. In Hep3B
cells, siRNA for Rab23 decreased Rab23 mRNA by 4.5-fold
and protein expression by 2-fold. Survival rates at 24 and
48 h for Hep-3B cells transfected with siRNA were lower
and about 30% Hep-3B cells were apoptotic. Knocking
down rab23 suppressed Hep3B cell growth, suggesting
that rab23 could play an important role in Hep3B cell
growth.

CONCLUSION: Rab23 is overexpressed and/or activated
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in HCC. Rab23 may be both a HCC predictor and a target
for treating HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most frequent
primary malignant tumor of the liver. HCC is the third
leading global cause of cancer-related death. Over 54% of
HCC cases occur in China. Hepatitis B virus is a common
causal agent of liver cancer, and other factors have
also been found. However, the molecular mechanisms
contributing to tumor progression to HCC remain
unknown'",

In recent years, targeted therapies for a variety of HCCs
have achieved clinically significant response rates and
have given oncologists the chance to develop individual-
based strategies for patient therapy. One rationale for such
therapeutic approaches is to detect target molecules in the
tumor. There is a growing list of such target molecules,
the levels of which are now routinely estimated by IHC
staining in biopsy specimens or surgically removing tumor
material. Such assays not only generate important data
for therapeutic decisions, but also provide information
relevant to the prognosis of patientsm.

An example is targeting of the hedgehog (Hh) pathway.
Dysregulation of this pathway has been implicated in the
genesis of cancers from multiple tissue typesm. Moreover,
from embryogenesis to adulthood, skin and gastrointestinal
progenitors are regulated by Hh signalingwﬁ]. This
pathway is activated when sonic hedgehog (SHH) or
Indian hedgehog (IHH) ligands bind to their receptor,
patched (PTC). When unoccupied by ligand, PTC is a
tumor suppressor that binds to and represses smoothened
(SMO)", preventing the SMO proto-oncoprotein from
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activating downstream transcription factors, such as GLil.
Conversely, when ligand binds to PTC, SMO is released
and GLil is activated, resulting in the transcription of
target genes including PTC and Gli1"”. Hh signaling is now
known to play a critical role in the gastrointestinal tract in
both health and disease. Most recently, two research groups
have simultaneously reported abnormal activation of the
SHH pathway in HCC®™. Although the investigators paid
much attention to the relationships between hedgehog
signaling and HCC, little is known about this pathway in
carcinogenesis.

One regulator of SHH signaling is Rab23. In 1994,
the full-length cDNA encoding Rab23, a novel Ras-
related small GTPase, was isolated using the sequence
of a previously described GTPases"”. Northern analysis
revealed that Rab23 mRNA is predominantly expressed
in the brain, which places the protein together with Rab3a
and Rabl15, in the group of small GTPases characteristic
of the nervous system''. Rab23, a new member of the
RAB family expressed in retina, is composed of 7 exons
spanning a 34 kb domain of genomic DNA. It is located
in the pericentromeric region of chromosome 6 between
microsatellite markers D6S257 and D6S1659, within the
critical region of RP25"” and localized at the plasma
membrane and the endocytic pathway!>'”. Rab23 is a
negative regulator of SHH">'", It acts on upstream of
Gli transcription factors in patterning neural cell types
in the spinal cord. The primary target of Rab23 is the
Gli2 activator. Rab23 and Gli3 repressors have additive
effects on patterning. Analysis of Gli3 protein suggests
that Rab23 also has a role in promoting the production
of Gli3 repressor. Although the patched and smoothened
membrane proteins can change subcellular location in
response to SHH, analysis demonstrates that Rab23
does not work through either patched or smoothened
membrane protein. Instead, Rab23 appears to regulate
subcellular localization of essential components of the
hedgehog pathway that act both on downstream of
smoothened and on upstream of Gli proteins'

Until now there have no reports about Rab23
expression in HCC or even in other human tumors. Since
Rab23 is a negative regulator of SHH signaling which can
induce malignant carcinoma, dysregulation of Rab23 also
may result in HCC. If it is true, we may be able to find a
new target for diagnosis and treatment of HCC. In the
present study, we evaluated the hypothesis that increases in
Rab23 signaling induce hepatocarcinogenesis by regulating
Hh signaling in HCC tissues.

MATERIALS AND METHODS

Overall experimental design

We compared Rab23 expression in non-neoplastic and
malignant human livers by IHC and ir situ hybridization
using tissue microarrays. Furthermore, since it has been
confirmed that there is hedgehog signaling in Hep-3B
cells™ we examined the biological significance of the
Rab23 gene in Hep-3B cells by knocking down Rab23
gene expression. To identify a possible role of Rab23
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Figure 1 In situ hybridization using tissue microarrays.

in HCC, we designed a pair of double-stranded RNAs
(dsRNAs) against human Rab23, and transfected siRNAs
into Hep-3B cells. We examined Rab23 expression in these
cells using RT-PCR and Western blots. We investigated
cell growth by MTT assays and fluorescence-activated cell
sorting.

Patient material

HCC samples from 100 patients were used in this study.
All of them were from Sun Yat-Sen University (Guangzhou,
China) and selected over a 4-year period (1993-1997).
Twenty-five tumor adjacent liver tissue samples were also
used. None of the patients received chemotherapy or
radiation therapy. Each specimen was fixed in alcoholic
formalin for 8-12 h and embedded in paraffin.

Construction of tissue microarray

A hundred archived formalin-fixed and paraffin-embedded
anonymous, representative specimens of HCC wete
also assessed. Non-necrotic areas in tumor for coring
into a tissue microarray (TMA) were marked using an
indelible pen on a hematoxylin and eosin (HE) stained
whole section from donor blocks. TMAs were assembled
from formalin-fixed and paraffin-embedded tumor tissue
samples as previously described"” by using a precision
instrument (Beecher Instruments, Silver Spring, MD).
Cores (600 um in diameter) were randomly arrayed in
triplicate across the recipient block with asymmetrical
placement for orientation. TMA coordinates and
clinicopathological data were stored for reference. TMA
slides were sectioned and mounted on Superfrost”/Plus
microscope slides as 6-um sections (Figure 1).
Hematoxylin and eosin (H&E) stained TMA sections were
used as morphological references.
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Immunohistochemistry

Paraffin-embedded tissue sections were deparaffinized.
Slides from each case were exposed to affinity purified
rabbit anti-Rab23 primary antibody (BD Biosciences,
San Jose, CA, USA) and diluted in PBS for 2 h at room
temperature. Detection was carried out using Elivision TM
Plus Polymer HRP (Mouse/Rabbit) immunohistochemistry
kits (Maixin.Bio, Fuzhou,China). Location of peroxidase
was visualized with diaminobenzidione(DAB).
Hematoxylin was used for counterstaining. Sections were
thoroughly washed with PBS between steps. Negative
controls (absence of primary antibody) were run for each
experiment. We defined a positive sample as one in which
more than one third of one tissue chip was stained brown.

In situ hybridization

In situ hybridization was performed according to
the manufacturer’s instructions (Roche Molecular
Biochemicals, Mannheim, Germany) and the published
in situ hybridization protocol"”"". Sense and antisense
probes were obtained by T3 or T7 in vitro transcription
using a DIG RNA labeling kit from Roche (Mannheim,
Germany). Rab23 (AY585189) was cloned into BamH]1
of pBluescriptSK+. Tissue sections (8-um thick)
were mounted onto poly-L-lysine slides. Following
deparaffinization, tissue sections were rehydrated in a
series of ethanol dilutions. To enhance the signal and
facilitate probe penetration, sections were immersed
in 0.3% Triton X-100 solution for 15 min at room
temperature and in proteinase K solution (20 ug/mL)
for 20 min at 37°C, respectively. Sections were incubated
with 4% (w/v) paraformaldehyde/phosphate-buffered
saline (PBS) for 5 min at 4°C. After washed with PBS,
slides were incubated with prehybridization solution
(50% formamide, 50% 4 x SSC) for 2 h at 37°C. Probe
was added to each tissue section at a concentration of
1 pg/mL and hybridized overnight at 42°C. After high
stringency washing, the sections were incubated with an
alkaline phosphatase-conjugated sheep anti-digoxigenin
antibody, which catalyzes a color reaction with nitro-blue-
tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate
(BCIP) substrate (Roche, Mannheim, Germany). A blue
color indicated strong hybridization.

Culture of Hep-3B cell line

Hep-3B cells kindly donated by Professor Shi-Gang Xiong
(Department of Pathology, Keck School of Medicine,
University of Southern California, USA.), were cultured
in Dulbecco’s minimal essential medium (DMEM; Gibco
BRL, Gaithersburg, MD, USA) supplemented with 10%
fetal bovine serum (FBS; Bio-Whittaker, Walkersville,
MD, USA), 100 IU/mL penicillin, and 100 pg/mL
streptomycin. Cultures were incubated at 37°C in a
humidified atmosphere containing 50 mL/L COz2, and
the medium was changed twice a week. Cell viability was
tested by trypan blue exclusion. All experiments were
performed with Hep-3B cells from passages 6-15, which
were exposed to serum-free culture medium containing
0.1% bovine serum albumin for 24 h.
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Figure 2 Rab23 gene silencing in Hep-3B cells. Green fluorescence could be
detected in siRNA-transfected Hep-3B cells (negative control group).

Rab23 gene silencing in Hep-3B cells

Hep-3B cells were harvested by trypsinization and seeded
24 h prior to transfection, on 6-well plates at a density of
300000 cells/well in 2 mI. DMEM with 10% FBS. When
the Hep-3B cells were at 90%-95% confluence, the culture
medium was replaced with 1 mL of DMEM with or
without 10% FBS. Following an overnight incubation, cells
received 1 mL of complete medium and were incubated
until 72 h post transfection.

According to the design principle of siRNA"?" short
interfering RNA for Rab23 and negative control siRNA
were designed. The target gene sequence of Rab23 is 5°-3
CCA GAA CTA ACG CAT TCA TCA A. The siRNA
sequence (siRNA Duplex) is CCA GAA CUA ACG CAU
UCA A dT dA dAdT GGU CUU GAU UGC GUA AGU
U. The sequence of negative control siRNA is: sense
5°-UUC UCC GAA CGU GUC ACG UTT-3", Anti-sense
5'-ACG UGA CAC GUU CGG AGA ATT-3". Short
interfering RNAs (siRNAs) for Rab23 were purchased
from Guangzhou Ribobio CO., Ltd (Guangzhou, China)
and negative control siRNAs were purchased from
Shanghai GenePharma Co., Ltd (Shanghai, China).
Double-strand RNA (final concentration of 50 and 100
nmol/L) in OPTI-MEM (80 uL) and oligofectamine (4
pul) in OPTI-MEM (15 pL) were mixed and allowed to
stand at room temperature for 20 min according to the
manufacturer’s directions (Invitrogen, Carlsbad, USA).
The mixture was added directly into a culture of Hep-3B
cells (1 X 10°/ ml) in OPTI-MEM (0.4 mL). After 24 h,
the consequences of transfection were watched through
fluorescence of the cells (Figure 2). Transfection efficiency
was normalized by monitoring luciferase activity from
total cell lysates using the firefly luciferase (FLuc) assay
kit (Promega, madison, USA). Cells were analyzed after
12 h by MTT assay. After 48 h they were analyzed by
fluorescence-activated cell sorting, Western blots and RT-
PCR . All experiments were performed in triplicate.

RNA isolation and two-step real-time RT-PCR

Two-step real-time RT-PCR was performed to compare
the expression of Rab23 in normal liver tissue samples
and Hep-3B cell lines. Total RNA was extracted using
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TRIzol reagent (Sigma) according to the manufacturer’s
instructions. Reverse transcription with oligo (dT)
priming was used to generate cDNAs from total RNA
(2 pg) extracts. The synthesized cDNAs for Rab23 and
B-actin were amplified using specific sets of primers.
Optimal oligonucleotide primers were designed using
Beacon Designer 2.0 software (MWG Biotech, High
Point, NC). The primers used to amplify human Rab23
were synthesized according to the following sequences:
forward primer: 5' GTA GTA GCC GAA GTG GGA 3,
reverse primer: 5' CCT TTG TTT GTT GGGTCT C 3'
according to ABO34244 in the gene bank. J-actin primer
was designed based on published cDNA sequences:
forward primer 5'TCA TCA CCA TTG GCA ATG AG3),
reverse primer 5' CAC TGT GTT GGC GTA CAG GT
3. Each PCR mixture contained the appropriate set of
forward and reverse primers (0.2 umol/L), ecach ANIP at
0.25 mmol/L, 1.25 U Taq polymerase, and 2.5 mmol/L
MgClz in a PCR buffer. The PCR procedure consisted of
28 cycles of denaturation at 95°C for 1 min, annealing
at 58°C for 1 min, and extension at 72°C for 1 min, with
initial denaturation of sample cDNA at 95°C for 3 min
and an additional extension period of 10 min after the last
cycle. The PCR products were subjected to 1.5% agarose
gel electrophoresis stained with ethidium bromide and
quantitated by densitometry using an Image Master VDS
system and associated software (Pharmacia, USA).

Protein extraction and Western blotting

Cells were washed with cold PBS and lysed by the addition
of a lysis buffer containing 1% Nonidet P-40, 50 mmol/L
Tris (pH 7.5), 150 mmol/L NaCl, 0.1% SDS, and protease
inhibitor cocktail (Boehringer Mannhein, Lewes, UK.)
for 20 min at 4°C. Insoluble materials were removed by
centrifugation at 15000 r/min for 15 min at 4°C. The
supernatant was saved and the protein concentration
was determined using a Bio-Rad protein assay kit (Bio-
Rad, Hercules, CA). Cell extracts (50 pug/lane) were
separated via 10% gel electrophoresis and electroblotted
onto PVDF membranes. Nonspecific binding sites were
blocked by incubating nitrocellulose sheets for 1 h in
phosphate-buffered saline containing 5% low-fat dry
milk. Membranes were probed with primary antibodies
overnight at 4°C, followed by a secondary horseradish
peroxidase-conjugated second antibody. Blots were
developed using an enhanced chemiluminescence detection
system (ECL, Amersham Pharmacia Biotech) according to
the manufacturer’s instructions.

MTT assay

The cell proliferation and viability were determined by
MTT assay as previously described"”. Briefly, cells (5 % 10’
cells per well) were seeded in 96-well microtiter plates
(Nunc, Denmark). After different treatments for 12 | 24,
48 h or 72 h, an aliquot (50 puL) of MTT (Sigma) solution
(2 mg/ml in PBS) was added to each well and the plates
were incubated for an additional 4 h at 37°C. MTT solution
in medium was aspirated off. To achieve solubilization
of the formazan crystal formed in viable cells, 150 pL.
DMSO was added to each well. The absorbance was read

at 490 nm on a Dias automatic microwell plate reader with

DMSO as the blank.

Fluorescence-activated cell sorting

After treatment for 48 h, cells were washed with cold
sterile phosphate-buffered saline (PBS), and harvested
in 70% cold alcohol solution for immediate analysis in
a Becton Dickinson FACScan flow cytometer (Becton
Dickinson, San Jose, CA). Data were acquired and
analyzed using CellQuest software (BD Biosciences). The
flow cytometer was calibrated daily with CaliBRITE 3
(BD biosciences) for fluorescence sensitivity and spectral
ovetlap.

Statistical analysis

For immunohistochemistry and 7z situ hybridization results,
Fisher’s exact test or a binomial proportion analysis was
used. P < 0.05 was considered statistically significant.
Results of RT-PCR, Western blotting and MTT assays
were expressed as mean * SE of at least three separate
experiments. Results were analyzed by one-way analysis of
variance (ANOVA) followed by the Student-Neumann-
Keuls test. Again, differences with P values of < 0.05 were
considered statistically significant.

RESULTS

Expression of Rab23 in normal liver tissues and HCCs by
immunohistochemistry

The expression of Rab23 in normal liver tissues has not
been reported. Slight or no membranous staining of Rab23
in normal liver tissue was detected in our study. There was
also no cytoplasmic or nuclear staining of Rab23 in normal
liver tissues (Figure 3A). Conversely, expression of Rab23
was found in HCCs, and the expression rate was 53.5%
(38 of 71 samples were positive, Table 1). Most samples
expressed Rab23 in nuclei of HCC cells (Figure 3B and C).
The results of expression of Rab23 correlated with tumor
size (P < 0.01, Table 1), suggesting that Rab23 might be a
useful prognostic indicator in HCC .

Expression of Rab23 in normal liver tissue and HCCs by in
situ hybridization

No expression of Rab23 could be detected by in situ
hybridization in five normal liver tissue samples (Figure
3D). To confirm this result, we also checked the transcripts
by RT-PCR, and got the same result (data not shown).

To assess the frequency of Rab23 activation in HCC,
we examined its expression in tissue samples derived from
100 different HCC cases (Table 1). We found positive
staining for Rab23 in 38 of 71 (72%) HCC cases (Figure
3E and F). Further analyses again showed that activation
of Rab23 correlated with tumor size (P < 0.01, Table 1).

Low expression of Rab23 in Hep-3B cell line when it was
silenced by siRNA
Hep-3B cells were divided into three groups: a transfected

group, a blank control group, and a negative control group.
After 24 h of treatment with siRNA, Hep-3B cells were

www.wjgnet.com
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Table 1 Expression of Rab23 in HCC (in-situ hybridization and

immunohistochemistry)

In-situ hybridization limmunohistochemistry

Pos Neg P Pos Neg P
Normal 0 5 0 5
Paracarcinoma 0 18 0 18
HCC 38 33 48 19
Tumor
Differentiation
Well 4 3 6 1
Mod and poor 34 30 0.3028 42 18 0.2681
Metastasis
Yes 9 B 10 4
No 29 28 0.2663 38 15 0.2591
Tumor size
Small 3 11 4 13
Large 35 22 0.0072 35 15 0.001
Age
=50 yr 14 10 15 9
<50 yr 24 23 05613 33 10 0.2149
Sex
Male 29 26 44 15
Female 9 7 08036 4 4 0.1156
HBsAg
Pos 34 31 46 17
Neg 4 2 02721 2 2 0.2517
AFP
=20 pg/L 26 24 35 12
<20 pg/L 12 9 0.6917 13 7 0.4314

Statistical analysis was performed by Fisher’s exact test or Binomial
proportions analysis. A P value < 0.05 was considered statistically significant.
Pos: positive signal; Neg: Negative signal; Well: Well-differentiated tumors;
Mod-poor: Moderately to poorly differentiated tumors.
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Figure 4 Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep-3B
cells after being silenced by siRNA. Lane 1: marker 1500; Lane 2: blank control
group; Lane 3: transfection group; Lane 4: negative control group.

harvested and total RNA was extracted. RT-PCR was
done as described previously™. The expression levels in
the transfected group decreased almost 4.5 fold compared
with the blank control group. There was no statistical
significance between the blank control group and the
negative control group (Figure 4,Figure 5, Figure 0).

Expression of Rab23 protein in Hep-3B cells decreased
when it was silenced by siRNA

We used the same method for preparing Hep-3B cells for
Western blots as for preparing cells for RT-PCR. After 24
h of treatment, Hep-3B cells were harvested and protein
was extracted. Western blots were run according to a
protocol described previously”. The expression levels
in the transfected group dectreased to almost half the
level of the blank control group. There was no statistical
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Figure 5 Electrophoresis of the RT-PCR products of -actin mRNA in Hep-3B
cells. Lane 1: marker 1500; Lane 2: blank control group; Lane 3: transfection
group; Lane4: negative control group.
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Figure 7 Western blot results for Rab23 in Hep-3B cells after being silenced by
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative
control group.
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Figure 9 The results of MTT assays. At 48 h and 72 h, growth of Hep-3B cells
was inhibited after being interferenced by siRNA against Rab23 gene. the survival
rate of the transfection group decreased compared with controls. P < 0.01 vs
control group. Again, there was no significant difference between blank and
negative control groups, P> 0.05.

significance between the blank control group and the
negative control group (Figure 7, Figure 8).

Viability of Hep-3B cells decreased after being transfected
Here we determined whether inhibition of the expression
of Rab23 in Hep-3B cells also inhibits the proliferation
of these cells by MTT assay. Forty-eight hours and 72 h
after adding siRNA, the survival rate of the transfected
group decreased compared with controls (P < 0.05, Figure
9). Again, there was no significant difference between the
blank and negative control groups.

Figure 6 Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep-
3B cells after being silenced by siRNA. Lane 1: blank control group; Lane 2:
transfection group; Lane 3: negative control group. *P < 0.05 vs control.
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Figure 8 Western blot result for Rab23 in Hep-3B cells after being silenced by
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative
control group. °P < 0.05 vs control.

Apoptosis rate of Hep-3B cells increased after the Rab23
gene was silenced by siRNA

Forty-eight hours after siRNA treatment, Hep-3B
cells were tested by fluorescence- activated cell sorting.
Apoptosis skewness was seen in the transfected group. The
apoptotic rate of Hep-3B was 30% in the blank control
group but 0% in the negative control groups (Figure 10).

DISCUSSION

The worldwide incidence of liver cancer is expected to
rise over the next decade. This is serious because the
prevalence and mortality rate of HCC are rather high at
present”. Furthermore, the mechanisms underlying the
initiation and progression of HCC remain elusive. One
candidate mechanism involves the hedgehog (Hh) pathway.
Dysregulation of this pathway has been implicated in
the genesis of several kinds of cancer derived from
multiple tissue typesm, including HCC™. One aspect of
Hh signaling is negative regulation of this pathway by
Rab23""*". Rab23 acts on upstream of Gli transcription
factors in patterning neural cell types in the spinal cord.
The primary target of Rab23 is the Gli2 activator. Rab23
and Gli3 repressor have additive effects on pattering.
Analysis of the Gli3 protein suggests that Rab23 also
has a role in promoting the expression of Gli3 repressor.
Although the membrane proteins patched and smoothened
can change subcellular location in response to SHH,
analysis demonstrates that Rab23 does not work through
either patched or smoothened. Instead, Rab23 appears to

www.wjgnet.com
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Figure 10 Apoptotic rate of Hep-3B cells measured by flow cytometry. in negative
control (A), blank control (B) and transfected (C) groups.

regulate subcellular localization of essential components
of the hedgehog pathway that act both on downstream of
smoothened and on upstream of Gli proteinsm.

There are no reports about studies of Rab23 in HCC
or even in any other human tumors. Since Rab23 is a
negative regulator of SHH which can induce malignant
carcinoma, Rab23 may also contribute to tumorigenesis in
HCC.

Our results identify one potential mechanism
underlying hepatocarcinogenesis, namely dysregulation of
Rab23 and SHH signaling. In this study, we found that the
aberrant expression of Rab23 was a general event during
the development of HCC, and that the expression of the
Rab23 gene correlated with tumor size. These findings
are strongly supported by our studies of Hep3B cells in

www.wjgnet.com

which Rab23 was silenced by siRNA, which inhibited
cell proliferation and increased apoptosis. Further studies
are now needed to identify the mechanisms by which
Rab23 expression might contribute to dysregulation of
SHH signaling and HCC tumorigenesis. Rab23 plays an
important role in tumorigenesis of HCC and other human
tumors. Also, Rab23 may be a new biological target for
prognosis and treatment of HCC.
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