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Abstract
Hepatitis B virus X protein (HBx) plays an important role 
in the development of hepatocellular carcinoma (HCC). 
In addition, hepatoma upregulated protein (HURP) is a 
cellular oncogene that is upregulated in a majority of HCC 
cases. We highlight here recent findings demonstrating 
a link between HBx, HURP and anti-apoptosis effects 
observed in cisplatin-treated HCC cells. We observed 
that Hep3B cells overexpressing HBx display increased 
HURP mRNA and protein levels, and show resistance 
to cisplatin-induced apoptosis. Knockdown of HURP 
in HBx-expressing cells reverses this effect, and sensi-
tizes cells to cisplatin. The anti-apoptotic effect of HBx 
requires activation of the p38/MAPK pathway as well as 
expression of SATB1, survivin and HURP. Furthermore, 
silencing of HURP using short-hairpin RNA promotes 
accumulation of p53 and reduces cell proliferation in 
SK-Hep-1 cells (p53+/–), whereas these effects are not 
observed in p53-mutant Mahlavu cells. Similarly, HURP 
silencing does not affect the proliferation of H1299 lung 
carcinoma cells or Hep3B HCC cells which lack p53. 
Silencing of HURP sensitizes SK-Hep-1 cells to cisplatin. 
While HURP overexpression promotes p53 ubiquitination 
and degradation by the proteasome, HURP silencing 
reverses these effects. Inoculation of SK-Hep-1 cancer 
cells in which HURP has been silenced produces smaller 
tumors than control in nude mice. Besides, gankyrin, 
a positive regulator of the E3 ubiquitin ligase MDM2, is 
upregulated following HURP expression, and silencing 
of gankyrin reduces HURP-mediated downregulation 
of p53. In addition, we observed a positive correlation 
between HURP and gankyrin protein levels in HCC patients 
(r2 = 0.778; n = 9). These findings suggest a role for the 
viral protein HBx and the host protein HURP in prevent-
ing p53-mediated apoptosis during cancer progression 
and establishment of chemoresistance.
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Core tip: Hepatitis B virus X protein (HBx) plays a critical 
role in the development of hepatocellular carcinoma 
(HCC). Hepatoma upregulated protein (HURP) is an 
oncogene that is upregulated in a majority of HCC cases. 
However, the role of these proteins in the response of 
HCC cells to chemotherapeutic drugs remains unclear. 
We show here that the HBx/SATB1/HURP axis plays a 
critical role in down-regulating p53 and upregulating 
anti-apoptotic proteins in vitro  and in vivo . We discuss 
the regulation of this novel pathway and its implications 
in resistance of HCC cells to chemotherapy.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection represents an 
important risk factor for the development of hepatocellular 
carcinoma (HCC)[1-3]. The hepatitis B virus X protein (HBx) 
is produced by HBV and is required for viral replication 
in host cells[4,5]. HBx interferes with a variety of cellular 
functions in host cells. It forms a heterodimeric complex 
with the host protein HBX interacting protein, and this 
interaction dysregulates centrosome dynamics and 
chromosomal stability[6]. HBx also interacts with the tumor 
suppressor p53 and modulates cellular apoptosis in the 
presence of various stimuli[7-9]. A recent study indicates 
that HBx binds to the DNA-repair protein damaged DNA 
binding protein 1 (DDB1), and redirects the CUL4-DDB1 
E3 complex, a protein complex with ubiquitin ligase 
activity that is involved in regulating DNA replication and 
repair, transcription and signal transduction in host cells[10].

Recent studies suggest that HBx plays a role in HCC 
pathogenesis[11-14]. However, the effect of HBx on apop-
tosis remains incompletely understood as some authors 
have reported pro-apoptotic[15-19] as well as anti-apoptotic 
effects[8,20-23]. Importantly, experiments performed in 
laboratory animals indicate that the HBx protein may 
induce resistance to the anti-cancer drug cisplatin in 
hepatoma cells[16]. Here, I present recent experimental 
evidence highlighting a prominent pathway used by HBx 
to upregulate hepatoma upregulated protein (HURP) and 
avoid apoptosis in HCC cells.

HURP as a maRkeR IN HCC 
HURP was initially shown to be overexpressed in HCC 

based on a bioinformatics analysis of sequence tags 
expressed in the human liver[24]. Also known as discs 
large homolog 7 or disks large-associated protein 
5[25,26], HURP was previously thought to represent 
a stem cell marker as this protein is not detected in 
fully differentiated cells[27]. Previous reports indicate 
that HURP overexpression in differentiated cells blocks 
apoptosis and increases cell growth in response to serum 
starvation[24,28]. HURP also appears to regulate the cell 
cycle and act specifically during mitosis. More specifically, 
HURP represents a kinetochore protein that stabilizes 
microtubules in the vicinity of chromosomes[29-31]. That 
is, HURP is associated with the mitotic spindle where it 
helps to determine spindle bipolarity and participates in 
the growth of microtubules toward chromosomes during 
mitosis. Furthermore, HURP forms a Ran-dependent 
complex[29], and is a target of the serine/threonine kinase 
aurora-A, which possesses oncogenic properties[28]. 
Aurora-A thus phosphorylates HURP and this process may 
represent a cellular mechanism that controls mitotic spindle 
assembly and functions[32]. Therefore, HURP is implicated 
in stem cell functions[25-27] and carcinogenesis in cancer 
cells of human origins[24,28]. Analysis of gene expression 
showed that HURP represents a marker of cancer 
prognosis that can be used to distinguish between benign 
and malignant adrenocortical tumors[33,34]. In addition, 
HURP undergoes proteolysis following phosphorylation 
by Cdk1-cyclin B and recognition by the Fbx7-associated 
SCF complex that functions as an E3 ubiquitin ligase[35]. 
These results indicate that HURP is involved in control 
of the cell cycle, specifically during mitosis, suggesting 
that this protein may regulate apoptosis and be involved 
in tumor development. However, the role of HURP in 
HCC and apoptosis, and how this protein is regulated is 
incompletely understood.

HBx UPRegUlaTes HURP exPRessION 
IN HCC Cells
Given that the viral protein HBx plays a critical role in 
the development of HCC and HURP is upregulated in a 
majority of HCC cases, we examined the possible link 
between HBx, HURP, and cisplatin resistance in HCC cells. 
Hep3B cells expressing HBx showed not only elevated 
HURP mRNA and protein levels but also resistance to 
apoptosis induced by cisplatin. HURP silencing in cells 
expressing HBx reversed this process and enhanced 
sensitization of Hep3B cells to apoptosis. Notably, HBx 
overexpression induced SATB1, a global gene regulator 
that is upregulated in breast cancer. However, the role 
of SATB1 in the regulation of cell survival is unclear. 
We found that the anti-apoptotic effect of HBx requires 
p38/MAPK pathway activation in Hep3B cells. HBx also 
induced the expression of the anti-apoptotic protein 
survivin in an HURP-dependent manner[36]. We observed 
that the HBx produces anti-apoptotic effects in HCC 
cells, a process that may lead to chemoresistance. 
Enhanced chemoresistance of HCC cells that express 
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HBx was associated with increased activity of several 
proteins, including STAB1, HURP, and survivin. Previous 
reports indicate that PKC negatively regulates SATB1 
transactivation activity[37]. Our group showed that 
SATB1 and the p38/MAPK pathway mediates the anti-
apoptotic activity of HBx. Therefore, it appears that HBx 
upregulates SATB1 and MAPK or HURP transcription. 
HURP induced survivin expression in HBx-expressing 
cells. ERK inhibition also inhibited surviving activity[36,38]; 
however, HURP protein levels remained constant in the 
presence of ERKi, an observation which suggested that HBx 
may induce survivin via another pathway that requiresthe 
ERK kinase (Figure 1). Our results may explain, at least 
in part, the cellular mechanism underlying the anti-
apoptotic effect of HBx during the development of HBV-
associated HCC. In agreement with our results, previous 
studies have shown that stable expression of HBx can 
stimulate PI3-kinase activity and suppress TGF-beta-
induced apoptosis in Hep3B cells[8,22]. 

SATB1, a chromatin organizer, is involved in gene 
regulation and the formation of chromosome loops, in 
addition to its role in the organization of transcriptionally 
poised chromatin[39]. SATB1 was initially described as a 
protein mediator of apoptosis[40]. We have shown the 
role of SATB1 in upregulating surviving and preventing 
apoptosis during cancer progression and establishment 
of chemoresistance[36]. SATB1 phosphorylation also 
appears to control interleukin-2 transcription as shown 
based on results obtained in a T-cell activation model; a 
similar mechanism may potentially be associated with 
SATB1 and its gene regulation activity[37]. In addition, 
SATB1 cleavage via sumoylation-directed caspase 
activity appears to regulate gene expression or may lead 
to clearance of immune cells[41]. Furthermore, SATB1 
promotes cancer cell metastasis and overexpression 
of this protein increases resistance to chemothera-
peutic drugs in breast cancer cells[42,43]. These obser-
vations suggest that HBx induces HURP expression 
by activating the p38/MAPK pathway and SATB1, 
leading to accumulation of survivin. We conclude that 

activation of the HBx/SATB1/HURP axis may increase 
chemoresistance in hepatic cancer cells.

HURP/gaNkyRIN/p53 axIs IN 
RegUlaTINg HCC aPOPTOsIs
The tumor suppressor p53 inhibits cancer development 
by inducing cell cycle arrest and apoptosis[44,45]. Some 
human tumors (10%) are characterized by overex-
pression of MDM2, an E3 ubiquitin ligase known for 
its role in the ubiquitination of p53 and its subsequent 
degradation by the proteasome[46]; this phenomenon 
may account for the development of many cancers, even 
those in which the p53 gene is no longer functional[47]. 
We found that overexpressing HURP in HEK293 cells 
induces p53 ubiquitination and degradation of the protein 
by the proteasome[48]. Conversely, HURP silencing with 
short-hairpin RNA reverses these processes. Knockdown 
of HURP promotes p53 accumulation and reduces cell 
proliferation in SK-Hep-1 cells (p53+/–), while Mahlavu 
cells (p53-mutant) are not affected. HURP silencing 
showed no effect on cellular proliferation in Hep3B and 
H1299 cells (lung carcinoma) (both lack p53 activity). 
In comparison, HURP silencing sensitized SK-Hep-1 
cells to cisplatin. HURP overexpression not only reduced 
exogenous p53 expression in H1299 and Hep3B cells but 
also reduced sensitivity of these cells to cisplatin. Notably, 
HURP expression induced HEK293 cell proliferation in an 
anchorage-independent manner; moreover, injection of 
SK-Hep-1 cancer cells in which HURP had been silenced 
produced tumors of smaller size in immunocompromised 
mice compared to control[48].

The ankyrin-repeat oncoprotein gankyrin[49] has also 
been shown to be upregulated in HCC. Previous work 
indicated that this protein interacts with the product of 
retinoblastoma (Rb) gene as well as a subunit of the 
26S proteasome subunit (S6 ATPase), a process that 
increases degradation of Rb[50,51]. Gankyrin is part of the 
19S cap of the proteasome. This protein has an ankyrin 
repeat that forms alpha helices[51]. Gankyrin can increase 
the E3 ubiquitin ligase activity of MDM2, which regulates 
the degradation of the tumor suppressors p53 and Rb, 
which are both often mutated in human tumors[52,53]. 
Gankyrin regulates the cell cycle by mediating protein-
protein interactions involving CDK4 (a cyclin-dependent 
kinase). Rb may inhibit the activity of gankyrin and lead 
to inhibition of MDM2-mediated p53 ubiquitination in 
HCC cells[54]. In our study[48], we observed that HURP 
represents an oncogene that reduces the level of p53 
in normal cells and cancerous cells. Gankyrin was upre-
gulated following HURP overexpression, and silencing of 
gankyrin reduced downregulation of p53 mediated by 
HURP. Importantly, high HURP levels positively correlated 
with gankyrin protein levels in HCC patients (n = 9; r2 = 
0.778).

We propose a mechanism to explain the activity of 
HURP and its action on gankyrin accumulation in cancer 
cells (Figure 2). In this model, HURP prevents the ubiqui-
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Figure 1  Proposed model to explain the link between hepatitis B virus X 
protein, p38/MAPK, SATB1, hepatoma upregulated protein, and survivin in 
mediating anti-apoptotic effects during cisplatin treatment. HBx upregulates 
the anti-apoptotic protein survivin through induction of p38/MAPK and ERK/MAPK 
pathways. Another less defined ERK/MAPK pathway which may regulate survivin 
independently of HURP is also shown. HBx: Hepatitis B virus X protein; HURP: 
Hepatoma upregulated protein.
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tination and degradation of gankyrin but in a process 
that does not involve the disruption of the interaction 
between MDM2 and gankyrin. Alternatively, HURP may 
regulate the activity of other deubiquitination enzymes by 
inducing binding to the gankyrin/MDM2 protein complex 
(not illustrated in the model shown in Figure 2), which 
may subsequently inhibit MDM2’s effects on gankyrin 
degradation. More experimental data are needed to 
determine if HURP affects deubiquitination enzymes 
which interact with the MDM2/gankyrin protein complex. 
The degradation of p53 mediated by HURP may therefore 
be relevant to the development of HCC. Our findings 
identify a novel pathway for the malignant transformation 
induced by HURP and involving degradation of p53 and 
accumulation of gankyrin.

CONClUsION
Our observations suggest that HBx induces HURP expres-
sion via the p38/MAPK pathway and SATB1 activity. This 
process leads to accumulation survivin, which possesses 
anti-apoptotic properties. Our results also identify a 
novel cellular pathway in which the oncogenic protein 
HURP induces cancer transformation by inducing p53 
degradation and gankyrin accumulation. The processes 
of cell survival and apoptosis have been shown to be 
regulated by differential activation of p53 target genes[55]. 
For instance, CAS may bind to p53 on chromatin and 
this process may induce expression of a set of genes that 
facilitate apoptosis[56]. In contrast, interaction between 
the zinc-finger protein Hzf and p53 activates expression 
of growth-arrest genes and promotes cell survival[56,57]. 
HURP-mediated p53 degradation thus appears to be 
relevant for the development of HCC. In conclusion, recent 
advances regarding the oncogenic proteins HBx and HURP 
as described here offer new strategies to defeat human 

liver cancer.
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