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RKIP Downregulation Induces the HBx-Mediated Raf-1 Mitochondrial
Translocation
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The Raf-1 kinase inhibitory protein (RKIP) can regulate

multiple key signaling pathways. Specifically, RKIP binds

to Raf-1 kinase and inhibits the Ras-Raf-1-MEK1/2-

ERK1/2 pathway. Additionally, Raf-1 has been shown to

translocate to mitochondria and thereby protect cells from

stress-mediated apoptosis. Recently, HBx was found to

stimulate the mitochondrial translocation of Raf-1, contributing

to the anti-apoptotic effect. We found that RKIP was

downregulated during HBx-mediated hepatocarcinogenesis.

In this study, we show that RKIP bound to Raf-1 and

consequently inhibited the translocation of Raf-1 into

mitochondria. This promoted the apoptosis of cells treated

with apoptotic stimulus. Thus, the downregulation of RKIP

increased the level of free Raf-1 and thereby elevated the

mitochondrial translocation of Raf-1 during HBx-mediated

hepatocarcinogenesis. The elevated Raf-1 mitochondrial

translocation induced the increased anti-apoptotic effect and

subsequently promoted HBx-mediated hepatocarcinogenesis.
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Hepatitis B virus X (HBx), a multifunctional protein, has

effects on gene transcription, genotoxic stress responses,

protein degradation, cell cycle checkpoint, cell proliferation,

and apoptosis. Additionally, it transactivates several

transcription factors and is essential for hepatitis B virus

(HBV) replication [10]. Malignant transformation has

been reported in specific cell lines transfected with the

HBx gene and in the corresponding transgenic mouse

model [8, 13]. Thus, this protein appears to play a key role

in the neoplastic transformation of hepatocytes in HBV-

infected liver. However, the details of the mechanisms

whereby HBx induces hepatocellular carcinoma (HCC)

require elucidation. Previously, we reported the expression

profiling of liver tissue from HBx-transgenic mice with

early-stage HCC [9]. Through this proteomic approach, we

identified 22 proteins that may be involved in HBx-

mediated HCC, particularly at the early stages. Among

these, Raf-1 kinase inhibitory protein (RKIP) was found as a

downregulated protein during all stages of hepatocarcinogenesis.

RKIP is a cellular inhibitor protein of the MAP kinase

cascade that binds and blocks the phosphorylation of

regulatory sites on Raf-1, thereby repressing Raf-1 activation

and downstream signal transduction. RKIP is a member of

the ubiquitously expressed and evolutionarily conserved

phosphatidylethanolamine binding protein (PEBP) family

and functions as a suppressor of cancer metastasis [4, 5].

After stimulation, RKIP is phosphorylated at S153 by

protein kinase C (PKC), inducing its dissociation from

Raf-1 [3, 11]. In addition, it was known that HBx protein

triggers activation of the Raf-1/MEK kinase cascade, which

is essential for HBV gene expression. Recent reports show

that RKIP protein and mRNA are downregulated in HCC

[6, 12, 14]. In our experiments, RKIP expression was also

considerably lower at all stages of HCC (Fig. 1), implying

that its downregulation is involved in HBx-mediated

hepatocellular carcinogenesis. Tumor cells acquire resistance

to apoptotic stimuli and it has been demonstrated that

conventional therapies exert their cytotoxic activities primarily

by inducing apoptosis in the cells.

To investigate the functional role of RKIP downregulation

during HBx-mediated hepatocarcinogenesis, we first

constructed a Huh-7 cell line expressing HBx using a

retroviral infection system (Fig. 2A). Using Western blot

analysis, we confirmed the expression of HBx in the Huh-

7 human hepatoma cell line (Fig. 2B). After that, pcDNA-

RKIP was transfected into the Huh7 cell line expressing
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HBx. The pcDNA-RKIP S153V was also used to monitor

the effect of binding to Raf-1. As shown in Fig. 2C, RKIP

was successfully expressed. Next, we examined whether the

RKIP expression level changes by HBx expression. The

result clearly showed that the expression level of endogenous

RKIP was significantly reduced in HBx-transfected Huh-7

cells, compared with Huh-7 control cells (Fig. 2D).

Because HBx can stimulate the mitochondrial translocation

of Raf-1 and mitochondrially localized Raf-1 protects cells

from apoptotic stresses [2], we performed the cell viability

assay after apoptotic stimulation with doxorubicin. Doxorubicin

(adriamycin) is a widely used chemotherapeutic drug that

targets topoisomerase II in mammalian cells and causes

severe double-stranded breaks in DNA [1, 7]. As shown in

Fig. 3A, the overexpression of RKIP induced the decreased

viability against doxorubicin, compared with mock control

cells. RKIP S153V mutant overexpression showed the more

significant reduced viability (Fig. 3A). The analysis of

PARP cleavage by activated caspases also demonstrated

that overexpression of RKIP or RKIP S153V gave rise to

more activation of caspases after the apoptotic stimulus

(Fig. 3B). The mutant RKIP (S153V) stabilizes the binding

Fig. 2. Construction of Huh-7 cells expressing both HBx and RKIP. 
A. Expression of HBx was monitored directly by fluorescence microscopy after enrichment using a FACS sorter. We infected Huh-7 cells with the DNA

encoding HBx using a retroviral system (HBx-IRES-GFP). B. Expression of HBx was confirmed by Western blot analysis. C. The Western blot analysis

was performed to confirm the overexpression of RKIP. D. The Western blot analysis to check if the HBx influences the expression level of endogenous

RKIP. The endogenous RKIP is indicated by the arrow.

Fig. 1. RKIP is downregulated during HBx-mediated hepatocarcinogenesis. 
A. Enlargement of area containing RKIP on the 2-DE gel. B. Real-time PCR analysis of RKIP. Total RNA samples were isolated from the liver tissues of

wild-type and transgenic mice using TRIzol (Invitrogen), as described previously [9, 15]. Data were normalized to the intensity for GAPDH. The values are

means ± SD (n=3). RKIP was downregulated at all stages of HCC.
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with Raf-1 and inhibits MAPK signaling [3]. Thus, we

treated the MEK inhibitor U0126 to block the effect of the

MAPK pathway by RKIP on cell viability. The treatment

with U0126 had no effect on cell viability upon doxorubicin

treatment (data not shown), implying no correlation between

the MAPK pathway and cell viability in Huh-7 cells

expressing HBx.

Since HBx interacts and binds with Raf-1 and subsequently

translocates together into mitochondria [2], we examined

the effect of RKIP overexpression on translocation of Raf-1.

The results clearly demonstrated that RKIP overexpression

prevents the translocation of Raf-1 into mitochondria (Fig. 4).

Additionally, a more decreased level of Raf-1 was detected in

the case of RKIP S153V mutant, implying the effect of RKIP-

Raf-1 interaction on Raf-1 translocation into mitochondria.

Taken together, RKIP binds to Raf-1 and consequently

inhibits the translocation of Raf-1 into mitochondria. This

promotes the apoptosis of cells treated with apoptotic

stimulus. As mentioned above, the function of RKIP is not

limited to the Raf/MEK/ERK pathway. Therefore, we did

not rule out the possibility that another mechanism(s) also

has an effect on cell viability by RKIP.

In conjunction with earlier reports, the present results

suggest that the downregulation of RKIP during HBx-

mediated hepatocarcinogenesis induces the translocation of

Raf-1 into mitochondria by increase of the free Raf-1 level

in the cytosol, and subsequently the enhanced mitochondrial

Raf-1 imparts the anti-apoptotic effect on cells. These data

provide the possibility of RKIP as a potential therapeutic

target for HCC diagnosis and novel drug development for

treatment of the disease.
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