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Abstract

Purpose Sorafenib and S-1 (one mixed formulation

containing 5-FU prodrug and dihydropyrimidine dehydro-

genase inhibitor) were two effective agents against hepa-

tocellular carcinoma (HCC), but whether they had

synergistic effects remained unclear. The present study

aimed at evaluating their synergistic effects against HCC

and its mechanisms.

Methods Inhibitory effects of sorafenib, 5-FU and their

combination on HCC cells PLC/PRF/5 and SK-HEP-1

were evaluated. Expressions of transcription factor E2F-1

and its downstream thymidylate synthetase (TS) in the

treated cells were determined using real-time PCR and

Western blot. In vivo anti-tumoral efficacy of S-1 plus

sorafenib on HCC was evaluated in NOD/SCID mice. E2F-

1 and TS expressions in tumors were determined by

immunohistochemical staining.

Results Sorafenib inhibited growth of HCC cells in dose-

dependent manner, with IC50 of 5.4 ± 0.3 lmol/L for

PLC/PRF/5 and 5.3 ± 0.5 lmol/L for SK-HEP-1. Sorafe-

nib (1 lmol/L) enhanced inhibitory efficacy of 5-FU on

HCC cells in vitro, dropping IC50 of 5-FU from

167.7 ± 12.1 to 105.4 ± 8.4 lmol/L for PLC/PRF/5 and

115 ± 10.2 to 82 ± 7.4 lmol/L for SK-HEP-1 (both

p \ 0.01). Sorafenib downregulated E2F-1 and TS expres-

sions on HCC cells, and its combination with 5-FU yielded a

synergistic downregulation of TS expression on HCC cells. In

NOD/SCID mice with subcutaneously inoculated HCC, so-

rafenib combined with S-1 yielded greater inhibition on tumor

growth and remarkable TS suppression when compared with

sorafenib or S-1 alone (all p \ 0.05).

Conclusions Sorafenib enhanced therapeutic efficacy of

5-FU/S-1 against HCC through downregulation of E2F-1

and TS expressions. Sorafenib combined with S-1 might

represent as valuable therapeutic regimen against HCC.

Keywords Sorafenib � S-1 � Hepatocellular carcinoma �
E2F-1 � Thymidylate synthetase

Introduction

Sorafenib, a recently developed multi-kinases inhibitor

(i.e., molecular-target drug), could suppress tumor angio-

genesis via blockage of vascular endothelial growth factor

receptor (VEGFR) and platelet-derived growth factor

receptor (PDGFR) [1]. Moreover, it had anti-proliferative

effect on hepatocellular carcinoma (HCC) cells by inhib-

iting the receptor tyrosine kinases KIT and FLT-3 and the

serine/threonine kinases in Raf/MEK/ERK pathway [1]. Its

efficacy in treating advanced HCC has been proven in two

large-scale randomized control trials, with a prolongation

of median survival time of around 3 months compared with

placebo [2, 3]. Provided sorafenib has been used as a

standard medical therapy for advanced HCC, its efficacy

alone is still far from satisfaction. Identification of its

synergistic drugs may help to improve its efficacy.
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5-FU, an anti-metabolic chemotherapeutic agent, has

been widely used for various malignancies for decades.

However, it had little efficacy in treating HCC mainly due

to high level of dihydropyrimidine dehydrogenase (DPD)

in tumor cells [4, 5], which rapidly degraded 5-FU and

weakened its anti-tumoral efficacy. S-1 was one mixed

formulation composed of tegafur (FT, one 5-FU prodrug),

5-chloro-2,4-dihydroxypyridine (CDHP, one DPD inhibi-

tor) and potassium oxonate (Oxo). FT was transformed into

5-FU in the liver, CDHP competitively inhibited DPD and

helped to maintain an effective concentration of 5-FU in

tumor cells for an extended time [6]. Oxo helped to alle-

viate the gastrointestinal adverse effects through the

reduction in 5-FU phosphorylation in gastrointestinal tract

[7]. Its anti-tumoral efficacy has been validated in gastric

cancer [8], colorectal carcinoma [9], non-small lung cancer

[10], head and neck cancer [11], pancreatic cancer [12],

cholangiocarcinoma [13] and renal cancer [14, 15]. Some

pilot studies indicated that S-1 was effective in treating

HCC [16].

Combination of molecular-targeted drugs and chemo-

therapeutic agents in treating malignancies has some

advantages. With different anti-tumoral mechanisms,

molecular-targeted drugs and chemotherapeutic agents

may have additive and even synergistic efficacy. On the

other hand, they have different spectrum of adverse

effects, the combination will not compromise the patients’

tolerance. Whether sorafenib and S-1 have synergistic

effects against HCC still remains unclear. The present

study aimed at investigating the synergistic effect and

mechanisms of 5-FU/S-1 and sorafenib against HCC

in vitro and in vivo.

Materials and methods

Cell culture, reagents and antibodies

Human HCC cell lines PLC/PRF/5 and SK-HEP-1 were

purchased from the Cell Resources Bank of Laboratory

Animal Center, Sun Yat-sen University (Guangzhou,

China) and cultured in RPMI-1640 medium (Gibco BRL,

USA) supplemented with 10 % fetal bovine serum (Gibco

BRL, USA). Sorafenib and S-1 were kindly provided by

Bayer Pharmaceutical (Germany) and Taiho Pharmaceuti-

cal (Tokyo, Japan), respectively. Sorafenib was dissolved

in DMSO in a concentration of 10 mM. 5-FU was pur-

chased from Sigma (USA). Mouse anti-human monoclonal

TS antibody and mouse anti-human monoclonal E2F-1

antibody were obtained from Millipore (MA, USA). Mouse

anti-human monoclonal b-actin antibody was from Boao-

sen (Beijing, China).

Cytotoxicity of sorafenib and 5-FU on HCC cells

S-1 is the prodrug of 5-FU, and it needs to be metabolized

into 5-FU in the liver to play tumoricidal roles. Hence,

in vitro cytotoxicity study 5-FU is directly adopted for

replacement of S-1.

PLC/PRF/5 or SK-HEP-1 cells were seeded into 96-well

plate (2 9 103/well), respectively. Twenty-four hours after

seeding, cells were incubated with various concentrations

of sorafenib alone, 5-FU alone or 5-FU combined with

1 lmol/L sorafenib for 72 h. Cells cultured in medium

with DMSO (a concentration of 0.01 %) were used as

negative control and wells containing only medium served

as blank control. At the end of incubation, 10ul of CCK-8

solution (Donjido, Japan) was added into each well.

Absorbance at 450 nm (A450) was measured in a micro-

plate reader (Thermo Scientific, USA). Growth inhibition

rate (%) = 1 - [(A450 of treated group-A450 of blank

control group)/(A450 of negative control group-A450 of

blank control group)] 9 100 %. Wells were sextuplicated

and assay was repeated for 3 times. IC50 (half-maximal

inhibitory concentration) was then calculated from growth

inhibition rates. The Chou and Talalay’s combination index

(CI) was calculated to assess the interaction of sorafenib

and 5-FU. CI values of\1, 1 and[1 indicated synergistic,

additive and antagonistic effects, respectively [17].

Quantitative real-time PCR

Total RNA was extracted by using RNAiso Plus (TaKaRa,

Japan). cDNA was reverse synthesized by using Prime-

Script� RT reagent (Perfect Real Time) Kit (TaKaRa,

Japan). The subsequent real-time PCRs of TS and E2F-1

were performed using TaKaRa SYBR� Premix Ex TaqTM

(Perfect Real Time) Kit (TaKaRa, Japan). GAPDH

expression was used as the internal control. Primers were

synthesized by TaKaRa (China), and their sequences were

listed as follows: forward primer of TS: 50-TACCTG

AATCACATCGAGCCACT-30; reverse primer of TS: 50-G
AAGAATCCTGAGCTTTGGGAAA-30; forward primer of

E2F-1: 50-GAAGCTTCTAGCTGGGGTCTG-30; reverse pri-

mer of E2F-1: 50-CACACACACATGCTCACACACAT-30;
forward primer of GAPDH: 50-ACACCCACTCCTCCACCT

TT-30; reverse primer of GAPDH: 50-TTACTCCTTGGAGG

CCATGT-30.

Western blot

Total protein was extracted from treated PLC/PRF/5 and

SK-HEP-1 cells with KeyGEN Total Protein Extraction Kit

(KeyGEN Biotech, Nanjing, China) following the manu-

facturer’s instructions. Protein was then separated by
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polyacrylamide gel electrophoresis and then transferred to

polyvinylidene difluoride (PVDF) membranes (Millipore,

MA, USA), which were subsequently blocked in 5 % skim

milk for 1 h and then incubated with primary antibodies

(anti-TS and anti-E2F-1 antibodies) at 1:500 dilution at

4 �C overnight. The membranes were re-warmed at room

temperature, and washed with phosphate buffered saline

Tween-20 (PBST) for three times and then incubated with

secondary goat anti-mouse antibody at 1:2,500 dilution for

1 h at room temperature. Following application of ECL

Western blotting kit (KeyGEN, Nanjing, China) on the

membrane, the signals were detected by Kodak X-OMAT

film. The membranes were then subjected to a 15 min

stripping with Western blot stripping buffer (KeyGEN,

Nanjing, China), three times of 10 min wash with PBST,

and then detected for b-actin expression.

Immunohistochemical staining

Tissues were fixed in 4 % paraformaldehyde, embedded in

paraffin and cut into 4-lm sections. Sections were depa-

raffinized in xylene, rehydrated in ethanol and then incu-

bated in 3 % H2O2 to block endogenous peroxidase

activity. Antigen retrieval was achieved by treating the

tissues with citrate buffer in a pressure cooker. The sections

were subsequently incubated with mouse anti-human E2F-

1 antibody (dilution 1:100, Millipore) or TS antibody

(dilution 1:100, Millipore) at 4 �C overnight. A mouse IgG

(Biosynthesis, China) was utilized as a negative control.

Staining was detected by adding biotinylated secondary

antibodies (Maxin-Bio, Fuzhou, China), avidin–biotin

complex (Maxin-Bio), and diaminobenzidine (Maxin-Bio).

Sections were then counterstained with hematoxylin.

Fig. 1 Synergistic cytotoxicity of sorafenib and 5-FU on HCC cells

in vitro. PLC/PRF/5 and SK-HEP-1 cells were incubated with various

agents for 72 h in 96-well plates, and cell growth inhibition rates were

evaluated. a, b showed that sorafenib inhibited the growth of both

PLC/PRF/5 and SK-HEP-1 cells in dose-dependent manner,

respectively. c, d illustrated that 5-FU had cytotoxicity on both

PLC/PRF/5 and SK-HEP-1 cells in dose-dependent manner, and its

cytotoxicity on both cell lines was markedly augmented in the

presence of 1 lM sorafenib. All values were representative of three

independent experiments
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The intensity and distribution of E2F-1 and TS staining

were evaluated under microscopy, respectively. The

intensity of staining (score A) was estimated as follows:

colorless (0); buff (1); brownly yellow (2) and darkly

brown (3). The distribution of staining (score B) was

marked as follows: no positive cells (0); \10 % positive

cells (1); 10–50 % positive cells (2); 50–75 % positive

cells (3) and [75 % positive cells (4). Multiplication of

score A and score B was defined as immunohistochemical

staining level. For each sample, 10 visual fields (9400)

were evaluated.

Tumoricidal efficacy of sorafenib and S-1 against HCC

in animal model

Male NOD/SCID mice (5–6 weeks old) were purchased

from Experimental Animal Center of Sun Yat-sen Uni-

versity (Guangzhou, China) and kept in a SPF environ-

ment. The mice were exposed to a 12:12-h light–dark cycle

and fed with food and water ad libitum in a barrier facility.

NOD/SCID mice were inoculated subcutaneously at

right flank with PLC/PRF/5 or SK-HEP-1 cells (1 9 107

cells/mouse). Mice were randomized into four groups (6

mice per group) when tumors reached up to a volume of

120–150 mm3. Treatment for 4 groups was as follows:

daily oral gavage of 10 mg/kg of S-1 alone (S-1 group);

10 mg/kg of sorafenib alone (sorafenib group); combina-

tion of S-1 and sorafenib (both 10 mg/kg) (combined

group); 0.2 ml normal saline (control group). Tumor length

(L) and width (W) were measured with a caliper twice per

week, and tumor volume was calculated according to the

formula 0.52 9 L 9 W2. Body weight of mice was mea-

sured simultaneously.

Statistic analysis

Data are presented as mean ± standard deviation. Statis-

tical analysis was performed on personal computer using

SPSS software package version 13.0. Student’s t test was

used to compare inter-group differences in continuous

variables, and Mann–Whitney test was adopted to compare

the inter-group differences in the immunohistochemical

staining of E2F-1 and TS. The differences in cell viability

and tumor volume between groups were analyzed with

repeated measures analysis of variance. A two-tailed

p value less than 0.05 was considered as statistical

significance.

Results

Sorafenib enhances the cytotoxicity of 5-FU

on PLC/PRF/5 and SK-HEP-1 cells

Sorafenib inhibited the growth of both PLC/PRF/5 and SK-

HEP-1 cells in a dose-dependent manner (Fig. 1a, b). IC50

of sorafenib was 5.4 ± 0.3 lmol/L for PLC/PRF/5 and

5.3 ± 0.5 lmol/L for SK-HEP-1. 5-FU also suppressed the

growth of both cell lines in a dose-dependent manner

(Fig. 1c, d). IC50 of 5-FU was 167.7 ± 12.1 lmol/L for

PLC/PRF/5 and 115 ± 10.2 lmol/L for SK-HEP-1.

Interestingly, various concentrations of 5-FU combined

with 1 lmol/L sorafenib resulted in greater growth inhi-

bition on both PLC/PRF/5 and SK-HEP-1 cells in com-

parison with 5-FU alone. In the presence of 1 lmol/L of

sorafenib, IC50 of 5-FU markedly dropped to 105.4 ± 8.4

lmol/L for PLC/PRF/5 cells and 82 ± 7.4 lmol/L for

SK-HEP-1 cells (both p \ 0.01, Fig. 1c, d). At 50 %

growth inhibition for PLC/PRF/5 and SK-HEP-1 cells, CI

of sorafenib and 5-FU was 0.91 and 0.96, respectively. The

results demonstrated that sorafenib and 5-FU had a syn-

ergistic cytotoxic effect on both cell lines.

Sorafenib downregulated the expressions of E2F-1

and TS gene in vitro

To investigate the mechanisms of synergistic effects of

sorafenib and 5-FU on HCC cells, the expressions of TS

and its upstream transcription factor E2F-1 genes were

evaluated in PLC/PRF/5 and SK-HEP-1 cells at 24, 48,

72 h after sorafenib treatment. Quantitative real-time

PCR showed that sorafenib downregulated mRNA

expressions of E2F-1 and TS genes in both PLC/PRF/5

and SK-HEP-1 cells in a time-dependent manner

(Fig. 2a, b). Consistently, Western blot illustrated

that sorafenib inhibited protein expressions of E2F-1

and TS in both cell lines in time-dependent manner

(Fig. 2c, d).

In the parallel experiments of 5-FU treatment alone or in

combination with 1 lmol/L sorafenib on PLC/PRF/5 and

SK-HEP-1 cells for 72 h, 25 lmol/L 5-FU alone had no

inhibitory effect on mRNA expression (Fig. 2e, f) and pro-

tein expression (Fig. 2g, h) of TS on both cell lines, and 100

and 200 lmol/L 5-FU alone significantly downregulated

Fig. 2 Effects of sorafenib on the expressions of E2F-1 and TS in

HCC cells. In HCC cells treated with 1 lM sorafenib for 24, 48 and

72 h, mRNA levels of E2F-1 and TS were downregulated in both

PLC/PRF/5 and SK-HEP-1 cell lines in time-dependent manner (a,

b). Consistently, protein expressions of E2F-1 and TS were down-

regulated in both cell lines treated with l lM sorafenib in time-

dependent manner (c, d). In PLC/PRF/5 and SK-HEP-1 cells treated

with various concentrations of 5-FU alone or combined with 1 lM

sorafenib for 72 h, mRNA expression of TS was suppressed by 5-FU

in both PLC/PRF/5 and SK-HEP-1 cell lines in dose-dependent

manner (e, f), and 1 lM sorafenib markedly augmented TS suppres-

sion induced by 5-FU in both HCC cell lines (e, f). Western blot

confirmed that sorafenib markedly enhanced TS suppression induced

by 5-FU in both HCC cell lines at protein level (g, h)

b
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mRNA expression (Fig. 2e, f) and protein expression

(Fig. 2g, h) of TS on both cell lines. In presence of 1 lmol/L

sorafenib, TS expression in all three concentrations of 5-FU

was more prominently downregulated on both cell lines (all

p \ 0.05, Fig. 2e–h). It suggested that sorafenib augmented

the cytotoxicity of 5-FU on HCC cells via downregulating

E2F-1 gene expression and its downstream TS gene

expression.

Synergistic anti-tumoral effects of sorafenib

and S-1 in vivo

Treatment of subcutaneous PLC/PRF/5 and SK-HEP-1

tumors on NOD/SCID mice demonstrated that sorafenib

combined with S-1 had a greater inhibitory efficacy on

tumor growth compared with sorafenib alone, S-1 alone

and control groups (all p \ 0.01, Fig. 3).

Immunohistochemical staining illustrated that E2F-1

expression in HCC tissues was not influenced by S-1

treatment (Fig. 4a, b, f, g, k), but its expression was

markedly downregulated by sorafenib alone or combined

with S-1 treatment (all p \ 0.05, Fig. 4c, d, h, i, k). On the

other hand, both S-1 and sorafenib treatments could sup-

press TS expression in HCC tissues (Fig. 5a–c, f–h, k), and

combined treatment of sorafenib and S-1 could more pro-

foundly downregulate TS expression in HCC tissues when

compared with either sorafenib or S-1 alone treatment

(Fig. 5a–k). These in vivo findings were consistent with the

in vitro results of cytotoxicity of sorafenib and 5-FU on

HCC cells. It implied that sorafenib exerted synergistic

effects with S-1 on HCC via suppressing E2F-1 gene

expression and its downstream TS expression.

Safety of combined sorafenib and S-1 in treating

tumor-bearing mice

The body weight of tumor-bearing mice was monitored

during the treatment for evaluating the therapy safety. S-1

treatment alone was well tolerated with no significant dif-

ferences in body weight when compared with control group

(Fig. 6, p = 0.161 for PLC/PRF/5; p = 0.282 for SK-HEP-

1). Sorafenib treatment alone resulted in a moderate weight

loss in mice when compared with control group and S-1

(Fig. 6, p = 0.032, 0.046, respectively, for PLC/PRF/5;

p = 0.037, 0.052, respectively, for SK-HEP-1). Combined

sorafenib and S-1 did not aggravate weight loss of mice

when compared with sorafenib (Fig. 6, p = 0.341 for PLC/

PRF/5; p = 0.482 for SK-HEP-1). It suggested that a

combination of sorafenib and S-1 was a safe and tolerable

therapeutic regimen.

Discussion

Though curative resection was the treatment of choice for

HCC, it was only feasible in less than one-third of

patients. Non-surgical therapies, including medical treat-

ment, played important roles in management of HCC

[1, 16].

Sorafenib is one molecule-targeted agent which has been

proven to be effective against HCC and prolong patients’

survival in advanced HCC [2, 3]. However, there is still room

for improving its efficacy [9–15]. One potential approach is

its combination with chemotherapeutic agents. Since they

have different tumoricidal mechanisms and different

Fig. 3 Synergistic anti-tumoral efficacy of sorafenib and S-1 in vivo.

PLC/PRF/5 or SK-HEP-1 cells were implanted subcutaneously at the

right flank of male NOD/SCID mice. Tumor-bearing mice were

randomized and treated by oral gavage of various agents for 28

consecutive days. Tumor volume of sorafenib group and S-1 group in

both cell lines was significantly smaller than that of control group

(both p \ 0.05, a, b). Tumor volume of sorafenib ? S-1 group was

significantly smaller than that of sorafenib alone, S-1 alone and

control groups (all p \ 0.05, a, b)
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spectrum of adverse effects, their combinations may produce

a synergistic anti-tumoral efficacy and not compromise

patients’ tolerance. The key is to identify an effective and

synergistic chemotherapeutic agent against HCC.

S-1 is a novel oral prodrug of 5-FU containing DPD

inhibitor and gastrointestinal toxicity protector. Its efficacy

and tolerability has been proven in many solid malignan-

cies. Some pilot studies showed that S-1 was effective in

Fig. 4 Immunohistochemical staining of E2F-1 in HCC tissues.

Compared with control group, S-1 treatment had no impact on E2F-1

expression in both PLC/PRF/5 and SK-HEP-1 tumors (a, b, f, g, k).

Sorafenib or sorafenib ? S-1 treatment markedly downregulated

E2F-1 expression in both PLC/PRF/5 and SK-HEP-1 tumors (c, d, h,

i, k)

Fig. 5 Immunohistochemical staining of TS in HCC tissues. Com-

pared with control group, S-1 or sorafenib alone treatment suppressed

TS expression in both PLC/PRF/5 and SK-HEP-1 tumors (a–c, f–h,

k). Combination of sorafenib and S-1 treatment more profoundly

inhibited TS expression in both PLC/PRF/5 and SK-HEP-1 tumors

(d, i, k)
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treating HCC. Whether sorafenib and S-1 exist a syner-

gistic efficacy against HCC still remains unknown.

In the present study, in vitro cytotoxicity assay revealed

that 1 lmol/L sorafenib markedly enhanced the cytotox-

icity of 5-FU on HCC cells, with an IC50 of 5-FU dropping

down from 167.7 ± 12.1 to 105.4 ± 8.4 lmol/L for PLC/

PRF/5 cells and from 115 ± 10.2 to 82 ± 7.4 lmol/L for

SK-HEP-1 cells. Furthermore, in the murine subcutaneous

HCC model, a combination of S-1 and sorafenib resulted in

a greater inhibition on tumor growth when compared with

sorafenib alone, S-1 alone and control group. These results

demonstrated that sorafenib and S-1 had a synergistic

efficacy against HCC.

For investigating the mechanisms of synergistic efficacy

of sorafenib and S-1 against HCC, TS in HCC cells was

evaluated in vitro and in vivo after treatment. TS is the key

enzyme for the synthesis of deoxythymidine monophos-

phate (dTMP), a requisite precursor for the synthesis of

DNA [18]. 5-FU and its prodrugs, including S-1, inhibit

cell proliferation and tumor growth through TS inhibition

and subsequent DNA synthesis. TS expression in tumor

tissue is a determinant to the anti-tumor effect of 5-FU. A

high level of TS expression in tumors has been considered

as one of the reasons for fluorouracil resistance [19–23].

On the contrary, downregulation of TS expression in

tumors enhances the anti-tumoral efficacy of 5-FU [24],

and sustaining inhibition of TS promotes apoptosis of

tumor cells via destroying DNA synthesis and repair [25,

26]. In the present study, 100 and 200 lmol/L of 5-FU

treatment alone achieved significant TS suppression in

HCC cells, and a further decrease in TS expression was

observed in the presence of 1 lmol/L sorafenib. Even in

low concentration of 5-FU (25 lmol/L), which had no

inhibition on TS expression, 1 lmol/L sorafenib demon-

strated an inhibitory effect on TS expression. These results

suggested that sorafenib enhanced the cytotoxicity of 5-FU

by downregulation of TS expression.

With respect to the influence of 5-FU on TS expression,

our results were inconsistent with some previous studies, in

which 5-FU treatment in multi-drug resistant breast and

colon cancer cells was shown to up-regulate TS expression

[27]. The reasons for the inconsistency were probably

related to the different biological behaviors in different

cancer cells. The mechanisms for TS downregulation by

high-dose 5-FU (100 and 200 lmol/L) in HCC cells still

remained unclear, since the expression of E2F-1, the reg-

ulating factor of TS [28], was not influenced by 5-FU [29–

31]. Possibly, it was related to RNA misincorporation of

5-FU, which eventually led to disruption of RNA synthesis

and processing [23].

For further investigating the mechanism for inhibitory

effect of sorafenib on TS expression, E2F-1 expression in

HCC cells was evaluated. Some molecular-targeted drugs

have been shown to suppress the expression of E2F-1 and

subsequent expression of TS. Tanizaki and Komoto

reported a synergistic anti-tumoral efficacy of lapatinib and

5-FU against gastric and pancreatic carcinoma, and showed

that the inhibition of E2F-1 and TS expression by lapatinib

led to the augmentation of 5-FU cytotoxicity [32, 33].

Studies in non-small cell lung cancer revealed the sup-

pression of E2F-1 and TS expression by gefitinib was a

potential mechanism for the synergistic anti-tumoral effi-

cacy of gefitinib and 5-FU [34, 35]. Recently, Takeuchi

et al. [36] showed a synergistic anti-tumoral efficacy of

sorafenib and S-1 against renal cell carcinoma via down-

regulating E2F-1 and TS expression. Lee and his associates

Fig. 6 Body weight changes in tumor-bearing mice. Compared with

control group, S-1 treatment had no influences on the body weight of

mice bearing either PLC/PRF/5 or SK-HEP-1 tumors. Sorafenib

treatment inhibited body weight of mice bearing either PLC/PRF/5 or

SK-HEP-1 tumors when compared with control group, but there was

no significant difference in body weight of mice between sorafenib

group and sorafenib ? S-1 group
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treated 20 patients with advanced HCC using sorafenib and

S-1 and achieved a median progression-free survival of

3.9 months and median overall survival of 10.4 months

[37]. Our study showed that sorafenib could inhibit E2F-1

expression and consequently downregulate TS expression

in a time-dependent manner in HCC in vitro and in vivo,

which might be the mechanism for synergistic efficacy of

sorafenib and 5-FU against HCC. The combination of so-

rafenib and S-1 might represent as a reasonable and

applicable therapeutic regimen for HCC.
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