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Abstract. The novel member of the Rab family of GTPases, 
Rab23, is an essential negative regulator of the Sonic hedgehog 
(Shh) signaling pathway. Loss of function mutation of the 
Rab23 gene causes abnormal development of the neural tube 
in mice and in certain human congenital diseases. The aber-
rant overexpression of Rab23 has been associated with various 
diseases, such as gastric, hepatocellular and lung cancer. 
The exact function of Rab23 in hepatocellular carcinomas 
(HCCs), however, remains unknown. Previously, we reported 
the abnormal sublocalization of Rab23 in lung cancers. In the 
current study, we investigated the role of Rab23 in HCCs. We 
report the distinct sublocalization pattern of Rab23 in HCC 
cell lines. This difference depends on the GDP/GTP-binding 
form, and inhibition of the Rab23 cycle decreases the expres-
sion and nuclear localization of Gli1.

Introduction

The small GTPases of the Rab family play a central role in the 
regulation of vesicular trafficking through interaction with an 
extensive range of protein partners. Rabs comprise the largest 
subfamily of Ras-like GTPases, and in mammals at least 
60 members have been identified, but the majority of them 
have not been studied at the functional level (1-7).

As a novel member of the Rab family of GTPases, Rab23, 
has recently been found to play a role in vesicular trafficking 

and protein transport in eukaryotic cells. Rab23 is also an 
essential negative regulator of the Sonic hedgehog (Shh) 
signaling pathway (8-14). Loss of function mutation of the 
Rab23 gene causes abnormal development of the neural tube 
in mice and in certain human congenital diseases (6,15‑19). 
The aberrant overexpression of Rab23 has been associated 
with various diseases such as gastric, hepatocellular and lung 
cancer (19-21). The Rab23 homolog in Trypanosoma brucei, 
TbRab23, is reported to be a nuclear-associated protein, 
and its function may be to provide stability to the nuclear 
structure (22). Recently, Chi et al indicated that Rab23 nega-
tively regulates Gli1 activity in a Su(Fu)-dependent manner 
(23). Rab23 is reported to play crucial roles in autophagy of 
Group A streptococcus (GAS) (24). We have previously shown 
the overexpression and abnormal sublocalization of Rab23 
in lung cancers  (21). Rab23 is expressed in hepatocellular 
carcinomas (HCCs) and its elevated expression is associated 
with the development of HCC in Hep3B cells (19). However, 
the exact pathophysiological roles of Rab23 in HCC remain 
unknown. In the current study, we investigated the role of 
Rab23 in HCC.

Materials and methods

Cell culture and plasmid constructs. Human hepatoma 
Hep3B and HepG2 cell lines were obtained from the 
American Type Culture Collection (Rockville, MD, USA) and 
routinely maintained in Dulbecco's modified Eagle's medium, 
supplemented with 10% fetal bovine serum. For gene overex-
pression, constructs expressing human Rab23 were prepared 
as previously described (21). Myc-tagged human Rab23 and 
its mutants (Rab23-SN and Rab23-QL) were subcloned into 
a pCDNA3.1 expression plasmid (Invitrogen, Carlsbad, CA, 
USA). All the mutants were generated by two-step PCR. All 
the constructs were confirmed by DNA sequencing, in order 
to exclude potential PCR-introduced mutations. The study was 
approved by the ethics committee of Shandong University.

For gene knockdown, the pSuper-RFP vectors 
(OligoEngine, Seattle, WA, USA) were used to transcribe 
functional small interfering RNA (siRNA). In the vectors, 
oligonucleotides targeting different genes were inserted 
downstream of the H1 promoter, with their veracity confirmed 
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by double digestion and sequencing. The target sequences for 
human Rab23 were CCAGAACTAACGCATTCAA. The 
expression levels of Rab23 proteins in Hep3B transfected with 
the resulting siRNA or the scramble siRNA were analyzed by 
immunoblotting with individual antibodies.

Reagents and antibodies. Antibodies were purchased as 
follows: goat anti-Rab23 antibodies and mouse anti-tubulin 
antibodies from Sigma-Aldrich (St. Louis, MO, USA); 
mouse anti c-Myc and rabbit anti-Gli1 from Santa Cruz 
Biotechnology Inc. (Santa Cruz, CA, USA); Alexa Fluor 488- 
or 594-conjugated goat anti-mouse or rabbit IgG (H+L) from 
Invitrogen; and horseradish peroxidase  (HRP)-conjugated 
goat anti-mouse or rabbit IgG antibodies from Calbiochem 
(La Jolla, CA, USA). The restriction enzymes were purchased 
from Fermentas (Hanover, MD, USA). Vectashield mounting 
medium was obtained from Vector Laboratories (Burlingame, 
CA, USA). The other reagents were from Sigma-Aldrich.

Immunofluorescence analysis. Hep3B or HepG2 cells were 
transfected using Lipofectamine™ 2000 transfection reagent 
according to the manufacturer's instructions. All experi-
ments were performed 48 h after transfection. Firstly, cells 
were fixed with 4% paraformaldehyde in phosphate-buffered 
saline  (PBS) for 10 min. Cultures were washed with PBS 
three times, and then permeabilized with 0.4% Triton X-100 
in PBS for 10 min. After washing in PBS again, the cells were 
incubated with blocking solution (PBS containing 10% normal 
goat serum) for 1 h at room temperature. Following incubation 
with the primary antibodies at 4˚C overnight, neurons were 
washed with PBS and incubated with fluorescent secondary 
antibodies conjugated to Alexa Fluor 488, Alexa Fluor 594 or 
Cy5 for 1 h at room temperature. All the immunostained cells 
were observed with a Zeiss LSM710 confocal microscope 
(Carl Zeiss, Thornwood, NY, USA), and quantification of 
labeling intensities was carried out using MetaMorph Software 
(Universal Imaging Corporation, West Chester, PA, USA).

Statistical analysis. Statistical significance was assessed using 
Student's t-test or analysis of variance (ANOVA) followed by 
post-hoc tests. Data were presented as the means ± SEM, and 
p<0.05 was considered to indicate a statistically significant 
difference.

Results

Different expression pattern of Rab23 in Hep3B and HepG2 
cells. In a subset of lung cancers, Rab23 was localized in the 
nucleus (21). In order to assess whether the nuclear localization 
of Rab23 also existed in HCC, the expression of Rab23 in the 
HCC cell lines Hep3B and HepG2 was analyzed. It has been 
reported that Hep3B has endogenous Rab23 expression (19). 
Consistent with Liu et al, we also found endogenous Rab23 
expression in HepG2 cells (Fig. 1A). The subcellular expres-
sion pattern of Rab23 in those two cell lines was investigated. 
Firstly, immunocytochemical staining was performed to 
detect the epigenetic Rab23 localization. The cells were tran-
siently transfected with myc-tagged Rab23 expression vectors. 
Notably, myc-tagged Rab23 protein was located in the nucleus 
of HepG2 cells, but not in Hep3B cells (Fig. 1B). To confirm the 

immunocytochemistry results, cell fractionation experiments 
were performed in Hep3B and HepG2 cells to substantiate 
the immunofluorescence results. Rab23 appears in the nuclear 
fraction of HepG2 cells, but not Hep3B cells (Fig. 1C). The 
results indicate that Rab23 has a different expression pattern 
in diverse HCC cells.

Difference between HepG2 and Hep3B cells depends on the 
GDP/GTP binding form. As with other GTPases, Rabs cycle 
between GDP-bound (off) and GTP-bound (on) forms. The 
number of known inherited disorders of vesicle trafficking 
due to Rab cycle defects has increased substantially during the 
past decade (25). To investigate whether the expression pattern 
distinction depends on its GDP/GTP binding form, two mutants of 
Rab23, GDP-binding block form Rab23 S23N and GTP-binding 
block form Rab23 Q68L, were constructed according to a 
previous report (11) (Fig. 2A). Immunocytochemical staining 
was then performed to detect the subcellular localization of 
the transfected Rab23 mutants in Hep3B cells. As shown in 
Fig. 2B, Rab23 S23N was detected mostly co-localized with 
DAPI staining. By contrast, Rab23 Q68L showed mainly cyto-
plasmic localization. The data suggest that Rab23 localized in 
the nucleus may be a GDP-binding form, which also suggests 
that in Hep3B cells the main form of Rab23 was GDP-binding, 
but in HepG2 the main form of Rab23 was GTP-binding. The 
Rab23 cycle between two nucleotide-bound states may play a 
role in the nuclear transport.

Rab23 is involved in the Gli1 expression pattern. It is 
well‑known that Rab23 works as an essential negative regu-
lator of the Shh signaling pathway, but little is known about 
its exact function (10-12). The zinc finger transcription factors 
Gli1 are considered mediators of the Shh signaling pathway 
(26-29). One report indicates that certain Su(Fu) mutants that 
are unable to export Gli from the nucleus to the cytoplasm 
result in the activation of Shh signaling (30). Recently, Chi 
et al indicated that Rab23 negatively regulates Gli1 activity in 
a Su(Fu)-dependent manner (23). To determine whether Rab23 
was capable of modulating the Shh activity by controlling the 
transporting of Gli from the nucleus to the cytoplasm, Rab23 
Q68L was transfected into Hep3B cells, and the subcellular 
localization of Gli1 was detected by immunocytochemical 
staining. As shown in Fig. 3A, the Rab23 GTP-binding mutant 
reduces the nuclear localization of Gli1. Further, western 
blotting showed that transfection of the Rab23 Q78L mutant 
causes a decrease in Gli1 protein of 60±3% (p<0.05; Fig. 3B). 
These results indicate that Rab23 affects the Gli1 expression 
pattern and expression level.

Rab23 expression is not affected by Shh signaling pathway 
activity. The abnormal expression of Rab23 in HCCs has 
been previously reported (19), and the results of the current 
study indicate that Rab23 may play roles in the transport of 
Gli1. It has been reported that many important regulators of 
the Shh signaling pathway were the target genes of Gli1 such 
as Patched, Gli1 itself and HIP. To investigate whether Rab23 
is also a target gene of Gli1; in other words, if the abnormal 
expression of Rab23 is caused by Shh signaling pathway 
activity; we treated the Hep3B cells with KAAD-cyclopamine 
(a specific inhibitor of Shh intracellular signaling) to inhibit 
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Figure 1. Rab23 is localized in the nuclei of HepG2 cells, but not of Hep3B cells. (A) Western blot analysis of Rab23 protein in HepG2 and Hep3B cells. 
(B) HepG2 and Hep3B cells were transfected with Rab23 vectors (tagged with myc). Cells were fixed and stained for myc-containing proteins and the nuclei 
were stained with DAPI. Cells were then analyzed by confocal microscopy. (C) Endogenous Rab23 protein expression in different cell compartments was 
detected in HepG2 and Hep3B cells by western blotting following cell fractionation. Histone1.4 was used as a marker for nuclear fraction whereas tubulin was 
used as a cytoplasmic protein marker.

Figure 2. The GDP-binding form of Rab23 is localized in the nuclei. (A) Schematic representation of human Rab23 GDP or GTP binding block mutants. 
(B) HepG2 and Hep3B cells were transfected with Rab23 mutants (tagged with myc). Cells were fixed and stained for myc-containing proteins and the nuclei 
were stained with DAPI. Cells were then analyzed by confocal microscopy.

Figure 3. Rab23 is involved in the control of Gli1 localization. (A) Hep3B cells were transfected with Rab23 Q68L. Cells were fixed and stained for myc‑con-
taining proteins (red) and Gli1 (green). (B) Extracts from Hep3B cells transfected with Rab23 Q68L or empty vector were subjected to western blotting and 
probed with antibodies to Rab23 or β-tubulin (loading control).
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the pathway activity and to detect whether this treatment is 
capable of downregulating Rab23 expression. Using western 
blotting, we found that the expression level of Rab23 protein 
was not changed by KAAD‑cyclopamine. Additionally, 
siRNA knockdown of Gli1 had no effect on the Rab23 expres-
sion level. Thus, we determined that the Rab23 expression is 
not affected by the Shh signaling pathway activity (Fig. 4).

Discussion

Rab23 is the product of gene open brain (opb), which was 
first identified in 1994 as a natural mouse mutation (14). 
Reports have shown that Rab23 acts as a negative regulator 
of the Shh signaling pathway (9-12). Even as a Rab protein, 
Rab23 is not previously known to have roles in any established 
intracellular-trafficking pathways (31). However, in view of 
the general function of Rab GTPases in vesicular membrane 
transport, it is conceivable that Rab23 may regulate the cellular 
dynamics of components of the Shh pathway (6,7). The subcel-
lular distribution pattern of neither Patched nor Smoothened, 
however, was altered by overexpression of the wild-type, or 
the GTP or GDP-restricted mutants of Rab23 (11). These 
results indicate that Rab23 does not directly regulate cellular 
dynamics of the above proteins, which lie upstream in the Shh 
signaling pathway. Rab23 may modulate the activities of the 
Gli transcription factors in more direct ways than previously 
anticipated, perhaps by directly affecting either their nucleo-
cytoplasmic trafficking or that of relevant components of Shh 
signaling (31). The Rab23 homolog in Trypanosoma brucei, 
TbRab23, is reported to be a nuclear-associated protein, and 
its function may be to provide stability to the nuclear struc-
ture (22). Recently, Chi et al indicated that Rab23 negatively 
regulates Gli1 activity in a Su(Fu)-dependent manner (23).

The abnormal expression of Rab23 in HCCs and the 
nuclear localization of Rab23 in lung cancers have also been 
reported (19,21). This study provides three new insights into 
the sublocalization of Rab23 in HCC cell lines, and its role in 
regulating Gli1 localization and expression level.

Firstly, Rab23 has different expression patterns in diverse 
HCC cells. It is important to identify the role of abnormal 
expression of Rab23 in HCCs to improve diagnosis and 
treatment; however, it has been little investigated in previous 

studies. To better understand the expression profile of Rab23 
in HCCs, the expression of transfected Rab23 in two HCC 
cell lines, Hep3B and HepG2, was investigated. The cells 
have been reported to have a distinct character (p53 or Shh 
signaling pathway) (32). The results indicate that Rab23 is 
capable of localizing in the nucleus of HepG2 cells, but not in 
the nucleus of Hep3B cells. The various expression patterns 
of Rab23 in HCCs indicate that Rab23 may function though 
different mechanisms in different types or subtypes of cancer.

Secondly, evidence suggests that the nuclear localization 
of Rab23 depends on its GDP/GTP-binding form. Rabs func-
tion primarily as molecular switches by controlled hydrolysis 
of GTP; conformational changes between the GTP- and 
GDP-bound states facilitate a cycle whereby Rabs bind to 
discrete internal compartments, providing a role in generating 
specificity in intracellular vesicular trafficking. The results 
demonstrate that the GDP-bound form of Rab23 (Rab23 
S23N), but not the constitutively active Rab23 form (Rab23 
Q68L), was capable of localizing in the nucleus of Hep3B. 
The difference indicates that the GDP-bound form of Rab23 
was the main form existing in HepG2, the GTP-bound form of 
Rab23 was the main form existing in Hep3B, and also indicates 
that the GTP- and GDP-bound forms may be important in the 
function of Rab23. In addition, inhibition of the Rab23 cycle 
will decrease the expression and nuclear localization of Gli1. 
This result will help to clarify the exact function of Rab23 in 
the Shh signaling pathway.

Thirdly, Rab23 expression is independent of Shh activity. 
Rab23 regulates the Shh signaling pathway by antagonizing 
the action of Gli1, but Rab23 itself is not the transcriptional 
target of Shh signaling.

In all, these studies have identified the abnormal Rab23 
expression pattern in diverse HCCs, and that Rab23 function 
may depend on its GDP/GTP-binding form. Since it is still 
not known why Rab23 expression is different in diverse HCC 
cells, further studies will be required to identify additional 
details about this association.
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