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Abstract: Hypoxia is common in solid tumors and results in the activation of hypoxia-response genes. Hypoxia-
inducible factor-1α (HIF-1α) is thought to reflect major cellular adaptation to hypoxia and contributes to chemore-
sistance in various tumors including hepatocellular carcinoma (HCC). N1-guanyl-1,7-diaminoheptane (GC7) is an 
inhibitor which suppresses the active eukaryotic translation initiation factor 5A-2 (eIF5A2), preventing epithelial-
mesenchymal transition (EMT) in chemoresistance. In this study, we investigated the role of GC7 in the therapeutic 
effect of doxorubicin in hypoxia in HCC. We utilized four types of HCC cell line (Huh7, Hep3B, SNU387 and SNU449) 
in this study. Western blot and immunofluorescence were used to detect expression of epithelial/mesenchymal 
markers for EMT evaluation and HIF-1α was knocked down using HIF-1α-siRNA. Hypoxia-induced EMT contributed 
to doxorubicin chemoresistance in HCC cells. Low concentrations of GC7 sensitized Huh7 and Hep3B to doxorubicin 
by reversing EMT. Knockdown of HIF-1α attenuated hypoxia-induced EMT and abolished the unique feature of GC7. 
GC7 enhanced sensitivity to doxorubicin in HCC by reversing hypoxia-induced EMT via the HIF-1α-mediated signaling 
pathway. We suggest a new method of enhancing cytotoxicity of chemotherapy and improving the long-term survival 
rate in HCC.
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Introduction

As one of the most common malignant tumor 
types, HCC has both high mortality and morbid-
ity and is a severe threat to human health 
worldwide [1]. There are approximately 75,000 
incident cases and over 600,000 deaths every 
year attributable to this type of cancer [2]. 
Chemotherapy is one of the most important 
treatment regimens in HCC. However, the low 
cure rates partly a result of chemoresistance  
to traditional drugs [3]. Hypoxia is common in 
solid tumors resulting in an imbalance in ho- 
meostasis in normal tissue while affecting 
angiogenesis, invasion, metastasis and tumor 
cell survival [4]. Recent studies have indicated 
that hypoxia plays an important role in chemo-
resistance against chemotherapy drugs includ-
ing irinotecan and sorafenib [5, 6]. Both of 

these are widely used in the treatment of HCC 
but have poor therapeutic effect [7, 8]. HIF-1 
mediates the hypoxia response pathway [9] 
and it is universally acknowledged that HIF-1α 
reflects major cellular adaptation to hypoxia 
[10, 11], thereby contributing to chemoresis-
tance in various tumors including HCC [12, 13].

Recently, Tariq et al. indicated that the expres-
sion of eIF5A2 was crucially important for HIF-
1α expression during hypoxia [14]. As a novel 
oncogene, eIF5A2 is involved in the chemore-
sistance in many malignant tumors because  
of EMT [15, 16]. GC7, a novel inhibitor of deoxy-
hypusine synthase (DHS), enhances the thera-
peutic efficacy of doxorubicin and prevents EMT 
in HCC cells. These findings indicated that GC7 
may be able to attenuate chemoresistance in- 
duced by hypoxia in HCC.
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Recent studies have suggested that abnormal 
expression of genes contributes to the afore-
mentioned molecular biological characteristics 
[17]. The abnormally expressed genes could 
disturb molecular signaling pathways in the 
proliferation, apoptosis, metabolism and cell 
cycle. Consequently, tumor cells display signifi-
cant drug resistance [18]. Tumor cells exhibit 
special molecular and morphological charac-
teristics with EMT being one of the representa-
tive forms [19, 20]. EMT is a process whereby 
invasive mesenchymal cells replace the epithe-
lial cells which lose apical-basal polarity and 
cell adhesion. Although the role of EMT in can-
cer metastasis is controversial, the relationship 
between EMT and drug resistance has been 
increasingly emphasized [21]. Doxorubicin can 
induce EMT in HCC contributing to chemoresis-
tance to doxorubicin [22].

In this study, we aimed to investigate the role  
of hypoxia in the progress of chemoresistance 
in HCC, and to ascertain whether GC7 could 
attenuate hypoxia-induced chemoresistance 
via the HIF1α-mediated signaling pathway in 
HCC.

Materials and methods

Cell lines and cell culture

Four types of HCC cell line (Huh7, Hep3B, 
SNU387 and SNU449) were selected and cul-
tured in this study. Huh7 cells were cultured in 
DMEM supplemented with 10% FBS and 1% 
penicillin/streptomycin. Hep3B cells were cul-
tured in MEM supplemented with 10% FBS  
and 1% penicillin/streptomycin. SNU449 and 
SNU387 cells were cultured in RPMI-1640 me- 
dium supplemented with 10% FBS and 1%  
penicillin/streptomycin. All cells were maintain- 
ed at 37°C in a 5% carbon dioxide incubator. 
Doxorubicin and GC7 were purchased from Sig- 
ma-Aldrich (St. Louis, MO, USA). The HIF-1α-
siRNA and negative control siRNA were pur-
chased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA).

CCK-8 assay

GC7 and doxorubicin were used in this study. 
HCC cells or siRNA-transfected HCC cells were 
plated in 96-well plates at the appropriate den-
sity. Then, the medium was replaced with cor-
responding serum-free medium. Twenty-four 

hours later, cells were treated with indicated 
concentrations of drugs for another 48 h. Then, 
10 μL/well CCK8 solution (Dojindo, Kumamoto, 
Japan) was added to plates, they were incubat-
ed for 3 h, and absorbance was measured at 
450 nm using a MRX II microplate reader (Dy- 
nex, Chantilly, VA, USA). Finally, the percentage 
of the untreated control was applied to calcu-
late cell viability.

Western blotting

Cells were lysed with RIPA buffer (Cell Signal- 
ing, Danvers, MA, USA), which contains prote-
ase inhibitors (Sigma, St. Louis, MO, USA). A 
BCA Protein Kit (Thermo, Rockford, IL, USA) 
was used to quantify the protein concentra- 
tion. Cell lysates were separated by 10% SDS-
PAGE and the proteins were transferred to  
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). Then the blots 
were incubated with diluted primary antibo- 
dies (E-cadherin, Vimentin or eIF5A2, diluted 
1:1000 in TBS/T; all obtained from Abcam( 
Abcam, Cambridge, USA) overnight at 4°C. The 
membranes were washed three times with 
TBS/T and then incubated with the appropri- 
ate HRP-conjugated secondary antibodies for  
1 h at room temperature. The expression of 
protein was detected by chemiluminescence 
(GE Healthcare, Piscataway, NJ, USA) and visu-
alized by autoradiography (Kodak, Rochester, 
NY, USA).

Immunofluorescence

HCC cells and siRNA-transfected cells were 
seeded into 48-well plates at the appropriate 
density. After treatment for the indicated times, 
the cells were fixed with 4% formaldehyde for 
15 min, washed with PBS, treated with 5% BSA 
for 30 min at room temperature, and incubated 
with mouse anti-human Vimentin or anti-human 
E-cadherin primary antibodies (Cell Signaling, 
Danvers, MA, USA) overnight at 4°C. The cells 
were incubated with the secondary antibody 
conjugated with goat anti-mouse Cy5 (E-cad- 
herin; Abcam) or goat anti-mouse FITC (Vimen- 
tin; Abcam) at 4°C for two hours. Then, the  
cells were incubated with 4’,6-diamidino-2-phe-
nylindole (DAPI; Sigma) for 2 min at room tem-
perature, washed twice with PBS, and obser- 
ved using an inverted fluorescence microscope 
(Olympus, Tokyo, Japan).
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Cell transfection

HIF-1α-siRNA or negative control siRNA were 
transfected into HCC cells using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. The trans-
fection medium (Opti-MEM) was replaced with 
complete medium 6 h after transfection, and 
the efficiency of transfection was measured by 
Western blotting at 48 h after transfection.

been widely used in recent studies and can 
reverse doxorubicin-induced EMT by inhibiting 
activation of eIF5A2 [22]. Thus, GC7 was appli- 
ed throughout our study. As GC7 is cytotoxic to 
HCC cells, we used the CCK8 assay to initially 
detect an appropriate concentration of GC7. 
The cytotoxicity of GC7 in all four HCC cell lines 
was rare when a dose of 0 to 20 μM was em- 
ployed. However, the viability of the HCC cell 
lines was significantly inhibited at higher con-

Figure 1. Hypoxia induces chemoresistance to doxorubicin. A-D: The cytotox-
icity of GC7 in HCC cells. HCC cells were incubated with different concentra-
tions of GC7 for 48 h. The value of CCK8 was the treated HCC cells that were 
normalized to the control group treated in the absence of GC7; *P < 0.05 vs 
GC7 0 μM. E-H. Hypoxia can induce chemoresistance to doxorubicin in Huh7, 
Hep3B, SNU387 and SNU449 cell lines. Low concentrations of GC7 (20 μM) 
sensitized Huh7 and Hep3B cell lines to doxorubicin in hypoxia. 

Statistical analysis

Experimental data was pre-
sented as the mean ± SD. 
Prism 5 (GraphPad, San Die- 
go, CA, USA) was used for sta-
tistical analysis. Two-way AN- 
OVA and Bonferroni’s post hoc 
test were applied to assess 
the effects of doxorubicin  
and the combined treatment. 
Other analysis for comparing 
two groups was performed 
using Student’s t-tests and a 
P-value less than 0.05 was 
considered to be statistically 
significant. 

Results

Hypoxia induces chemoresis-
tance to doxorubicin and low 
concentrations of GC7 sensi-
tizes HCC cells to doxorubicin

To assess the role of hypoxia 
in chemotherapy sensitivity, 
we used the CCK8 assay to 
detect cell viability of HCC 
cells in different conditions. 
Huh7, Hep3B, SNU387 and 
SNU449 cells were more sen-
sitive to doxorubicin under 
conditions of hypoxia com-
pared with normoxia (Figure 
1E-H). Hence, hypoxia can in- 
duce chemoresistance to do- 
xorubicin in these four types 
of HCC cell line.

In a recent study, Tariq et  
al. indicated that hypusina- 
ted eIF5A was indispensible 
for the expression of HIF-1α  
in hypoxia [23]. As an inhibi- 
tor of active eIF5A2, GC7 has 
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centrations of GC7 (40-100 μM) (Figure 1A-D). 
Finally, the preferred concentration (20 μM) 
was used in our study. Interestingly, co-treat-
ment with GC7 significantly enhanced the sen-
sitivity of Huh7 and Hep3B cell lines to doxoru-
bicin in hypoxic conditions (Figure 1E-H). There- 
fore, low concentrations of GC7 can enhance 
the sensitivity to doxorubicin in both Huh7 and 
Hep3B cell lines.

GC7 enhanced sensitivity to doxorubicin and 
regulated doxorubicin-induced EMT in epithe-
lial phenotype HCC cells 

To evaluated whether hypoxia induced doxoru-
bicin resistance in HCC epithelial phenotype 
cells, we speculated whether EMT contributed 
to drug resistance [24]. Western blot analysis 
showed that doxorubicin treatment led to sig-

Figure 2. GC7 enhanced sensitivity to doxorubicin and regulated doxorubicin-induced EMT in epithelial phenotype 
HCC cells. A: GC7 reversed the expression of doxorubicin-induced EMT-markers in HCC cells. Western blotting was 
used to examine the expression of E-cadherin and Vimentin compared with control, treated with doxorubicin alone 
or with doxorubicin plus GC7 (*P < 0.05; **P < 0.01; ***P < 0.001). B: Immunofluorescence was performed to 
analysis the expression of E-cadherin and Vimentin in HCC cells. C-F: Cell viability was measured using a CCK-8 
assay. GC7 (20 μM) significantly enhanced the cytotoxicity of doxorubicin in Huh7, Hep3B but had little synergistic 
effect in SNU387 and SNU449 cells. 



GC7 reversed hypoxia-induced chemotherapy resistance in HCC

2612 Am J Transl Res 2017;9(5):2608-2617

nificant down-regulation of E-cadherin and up-
regulation of Vimentin in HCC cells (Figure 2A). 
These results suggested that doxorubicin could 
induce EMT in HCC cells. Interestingly, doxoru-
bicin treatment with GC7 reversed doxorubicin-

an epithelial phenotype with a high E-cadherin/
Vimentin ratio while the other two cell lines ex- 
hibit a mesenchymal phenotype (Figure 3A). Im- 
munofluorescent staining showed the same re- 
sults (Figure 3B). Consequently, GC7 enhanced 

Figure 3. GC7 prevents EMT in HCC cells during hypoxia. A: Western blotting 
was applied to examine the expression of epithelial/mesenchymal markers 
including E-cadherin and Vimentin. GC7 enhanced the cytotoxicity of doxoru-
bicin in HCC cells with an epithelial phenotype. Hypoxia contributed to EMT 
in Huh7, Hep3B, SNU387 and SNU449 cell lines; *P < 0.05, **P < 0.01. 
GC7 prevented hypoxia-induced EMT- in Huh7 and Hep3B cell lines with an 
epithelial phenotype; *P < 0.05, **P < 0.01. B: Immunofluorescent staining 
showing the expression of E-cadherin and Vimentin.

induced EMT in epithelial phe-
notype HCC cells, but not  
in HCC mesenchymal pheno-
type cells (Figure 2A). Immu- 
nofluorescent staining also 
showed similar results that 
were consistent with the 
Western blot analysis (Figure 
2B). These data suggested 
that GC7 could reverse doxo-
rubicin-induced EMT in HCC 
cells typical of an epithelial 
phenotype. Furthermore, the 
CCK-8 assay was used to 
measure cell viability in cells 
treated with doxorubicin alone 
or doxorubicin plus GC7, and 
the results showed that the 
sensitivity of doxorubicin was 
reduced in HCC epithelial 
cells after co-treatment with 
GC7 (Figure 2C, 2D). In con-
trast, there was no significant 
difference between the two 
groups (Figure 2E, 2F).

EMT is induced during hy-
poxia and GC7 prevents EMT 
in HCC cells with an epithelial 
phenotype

From previous experience, we 
observed that hypoxia could 
induce chemoresistance to 
doxorubicin and GC7 signifi-
cantly sensitized two of the 
four HCC cell lines to doxoru-
bicin. However, the exact me- 
chanism was not clear. To 
investigate the role of pheno-
type in combined therapy, we 
applied Western blotting to 
detect the expression of epi-
thelial/mesenchymal markers 
including E-cadherin and Vi- 
mentin, which both mutually 
transform during EMT. The 
E-cadherin/Vimentin ratio is 
typically used for identifica-
tion of cell phenotype. Huh7 
and Hep3B cell lines exhibit 
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the cytotoxicity of doxorubicin in HCC cells with 
an epithelial phenotype. 

To confirm whether EMT was induced by hypox-
ia in HCC cells, we examined the EMT markers 
in HCC cells during hypoxia. After that, a de- 
crease in E-cadherin expression and an incre- 
ase in Vimentin expression were detected dur-
ing hypoxia compared to normoxic conditions  
in all four HCC cell lines (Figure 3A). Our data 
revealed that hypoxia contributed to EMT in 
HCC cells.

To further ascertain if GC7 reversed hypoxia-
induced EMT in HCC cells, we examined the ex- 
pression of EMT markers in HCC cells treated 
with GC7 for 48 h. The expression of E-cadherin 
in Huh7 and Hep3B cell lines was significantly 
down-regulated under the action of GC7, while 
the mesenchymal marker Vimentin was highly 
expressed simultaneously. Interestingly, SNU- 
387 and SNU449 did not significantly alter the 

naling pathway, we applied RNAi to knock down 
the expression of HIF-1α in HCC cells. Si-RNA 
transfected HCC cells during hypoxia were in- 
cubated with doxorubicin or doxorubicin plus 
GC7 for 48 h. After knocking down HIF-1α, the 
HCC cells in hypoxia did not show chemore- 
sistance to doxorubicin and the E-cadherin/
Vimentin ratio did not alter under hypoxic condi-
tions either (Figure 4A, 4B). The CCK8 assay 
showed that HIF-1α-siRNA attenuated the abili-
ty of GC7 to sensitize HCC cells to doxorubicin 
during hypoxia in four HCC cell lines and the 
viability of the HCC cells was not significantly 
different between the two groups.

GC7 enhanced the effect of doxorubicin by 
inhibiting activation of eIF5A2

eIF5A1/eIF5A2 are the only substrates contain-
ing the unusual amino acid hypusine, which is 
derived from spermidine. Hence, we used SDS-
PAGE fluorography to detect cell lysate hypusine 

Figure 4. Inhibiting of HIF-1α attenuates hypoxia-induced EMT. A: There was 
no significant difference in the viability of cells between those treated with 
doxorubicin and doxorubicin plus GC7 under hypoxic conditions after the 
knock down of HIF-1α. B: Western blot showing HIF-1α, E-cadherin and Vi-
mentin expression in HCC cells transfected with HIF-1α siRNA or a negative 
control siRNA. 

expression of their phenotyp-
ic marker after 48 h incuba-
tion of hypoxia plus GC7, com-
pared to the control group 
treated in the absence of GC7 
(Figure 3A). Hence, the incre- 
ase in E-cadherin expression 
and decrease in Vimentin ex- 
pression caused by GC7 sug-
gest that GC7 prevented EMT 
induced by hypoxia in both 
Huh7 and Hep3B cell lines, 
which exhibit an epithelial 
phenotype.

Knock down of HIF-1α attenu-
ates hypoxia-induced EMT 
and abolishes the unique fea-
ture of GC7

DHS is one of two key enzymes 
in the activation process of 
eIF5A2. As a specific inhibitor 
of DHS, GC7 has caused ex- 
tensive concerns [25]. Never- 
theless, the relationship be- 
tween GC7 and hypoxia is 
ambiguous. The data from  
our study suggest that GC7 
exerted a remarkable char- 
acteristic in hypoxia-induced 
EMT. To clarify whether GC7 
reversed the hypoxia-induced 
EMT via HIF-1α-mediated sig-
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content after incubation of HCC cells in the 
presence of [3H]-spermidine. The results show- 
ed that 20 μM GC7 significantly decreased the 
activity of incorporated [3H]-spermidine com-
pared to control HCC cells (Figure 5A). Further- 
more, we transfected eIF5A2 siRNA into these 
cells and conducted CCK-8 assays to deter-
mine cell viability of cells treated with doxorubi-

tween pro- and anti-apoptotic factors. Subse- 
quently, that researcher indicated that HIF-1α 
should be a potential target to treat cancer  
and improve survival rate in their study [27]. 
Recently, concern has increased over the inhi-
bition of HIF-1α, alleviating hypoxic drug resis-
tance and arresting tumor xenograft growth 
[28-30]. In this study, we investigated the sen-

Figure 5. GC7 enhanced the effect of doxorubicin by inhibiting activation of 
eIF5A2. A: Fluorogram of SDS-PAGE separating hypusinated-eif5a1/eIF5A2 
protein (Hpu eIF5A isoforms) in HCC cell protein lysates after incubation with 
or without GC7 (20 μM) in the presence of [3H]-spermidine. B-E: After trans-
fection with eIF5A2 siRNA, CCK-8 cell viability assays were performed to de-
termine the chemosensitivity of HCC cells treated with doxorubicin alone or 
doxorubicin plus GC7. F: Western blot was used to detect the expression of 
eIF5A2 siRNA or a negative control siRNA.

cin alone, or doxorubicin com-
bined with GC7 in HCC cells. 
The results showed that there 
were barely detectable chang-
es in the doxorubicin sensi- 
tivity between the two groups 
(Figure 5B-E), suggesting that 
GC7 was involved in the che-
mosensitivity of HCC cells. 
Western blot analysis indi- 
cated that the expression  
of E-cadherin was increased 
and Vimentin was reduced by 
knock down of eIF5A2 (Figure 
5F). In summary, these find-
ings demonstrated that GC7 
enhanced HCC cell line sensi-
tivity to doxorubicin by revers-
ing hypoxia-induced EMT and 
doxorubicin-induced EMT.

Discussion

Chemoresistance induced by 
hypoxia is strongly associated 
with a poor prognosis in many 
tumors. Therefore, it is impor-
tant to clarify the critical re- 
gulatory factors for hypoxia-
induced chemoresistance in 
order to improve prognosis of 
cancer. HIF-1α is considered 
to be the master regulatory 
factor of various cellular pro-
cesses in hypoxia. HIF-1α is 
involved in the expression of 
more than 70 genes and regu-
lates invasion, angiogenesis, 
metastasis and chemoresis-
tance [26]. Iovine et al. pro-
posed that the increase in 
HIF-1α expression decreased 
the sensitivity of several anti-
cancer drugs, on account of 
its unique influence on DNA 
repair mechanisms, the ex- 
pression of drug efflux trans-
porters, and the balance be- 
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sitivity of HCC cells to doxorubicin under condi-
tions of hypoxia compared to normoxic condi-
tions, and applied a new inhibitor to attenuate 
chemoresistance induced by hypoxia.

EMT is described as a morphogenetic pro- 
cess in which epithelial patterns transform into 
mesenchymal characteristics, including motili-
ty and invasiveness [21]. This morphogenetic 
process is involved in the regulation of inva-
sion, angiogenesis, metastasis and chemore-
sistance [31, 32]. Our data showed that HCC 
cell lines appeared insensitive to doxorubicin 
and EMT under hypoxic conditions. Further- 
more, the reversion of EMT was associated 
with improved sensitivity to doxorubicin. Hen- 
ce, we can attribute hypoxia-induced chemore-
sistance to EMT.

EIF5A2, one of two isoforms in the eIF5A family, 
was first isolated by a chromosome microdis-
section-hybrid selection technique in 2001 
[33]. It is considered to be an oncogene and  
is highly expressed in many cancers including 
non-small cell lung cancer, colon cancer, and 
ovarian cancer [33-35]. A series of in vitro and 
in vivo studies revealed that eIF5A2 could sti- 
mulate tumor formation, enhance cancer cell 
growth, induce chemoresistance to traditional 
chemotherapy drugs, and increase cancer cell 
motility and invasiveness by inducing EMT [25]. 
As a novel inhibitor of DHS, GC7 suppresses 
the activation of DHS which is the key enzyme 
in the activation of eIF5A2 and contributes to 
inhibition of eIF5A2 [36]. In recent years, GC7 
has been postulated as having antitumor activi-
ties in regulating tumor cell sensitivity to che-
motherapy drugs in many malignant tumors 
such as breast cancer, bladder cancer and HCC 
[22, 37, 38]. In a previous study, researchers 
showed that hypoxia increased expression of 
eIF5A2 by as much as 4- to 8-fold in esopha-
geal squamous cell carcinoma (ESCC) cell lines, 
and observed bidirectional regulation between 
eIF5A2 and HIF1α [39]. Further research indi-
cated that over-expressed eIF5A2 increased 
angiogenesis and metastasis in ESCC via the 
HIF1α-mediated signaling pathway [14]. Thus, 
we hypothesized that GC7 has a critical role  
in hypoxia-induced chemoresistance via a sig-
naling pathway mediated by HIF1α. Our data 
revealed that GC7 attenuated chemoresistan- 
ce induced by hypoxia in the HCC cells with  
an epithelial phenotype. We also observed that 
EMT was reversed under the influence of GC7 

by Western blotting. To further ascertain the 
role of GC7 in hypoxia-induced EMT, we trans-
fected HCC cells with HIF-1α-siRNA. After trans-
fection, hypoxia-induced chemoresistance van-
ished and the remarkable feature of GC7 was 
also abolished.

As described above, GC7 enhanced sensitivity 
to doxorubicin under hypoxic condition in HCC 
cells exhibiting an epithelial phenotype via a 
HIF-1α-mediated signaling pathway. The mech-
anism of why this does not work with HCC cells 
that have a mesenchymal phenotype is unclear. 
A detailed study is needed to illuminate how  
it is possible to enhance the therapeutic effect 
of HCC cells with a mesenchymal phenotype. 
Our data showed that GC7 sensitized HCC cells 
to doxorubicin via a HIF-1α-mediated signaling 
pathway. Our novel aim for the future is to clari-
fy the relationship between eIF5A2 and HIF-1α 
and confirm the HIF-1α-mediated signaling pa- 
thway which plays a critical role in increased 
sensitivity to doxorubicin by GC7. In addition, 
HIF-1α is a crucial regulator of invasion, angio-
genesis, metastasis and chemoresistance un- 
der hypoxic conditions. This molecule is expect-
ed to be a potential target in improving sensi- 
tivity to chemotherapy and improvement in the 
prognosis of HCC.

In conclusion, the present study demonstrated 
that GC7 enhanced sensitivity to doxorubicin in 
HCC by reversing hypoxia-induced EMT via the 
HIF-1α-mediated signaling pathway. It suggests 
that a new method of enhancing the cytoto- 
xicity of chemotherapy is possible, which may 
translate to an improvement in the long-term 
survival rate of those affected by HCC. 
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