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Abstract: Heaptocellular carcinoma (HCC) is still a great health problem around the world. Recently, the cetuximab 
has been implicated to have therapeutic values for HCC. However, cetuximab-resistance has also been synchro-
nously reported pertaining to HCC treatment. This study aimed to evaluate the role of eIF5A2 in cetuximab-treated 
HCC cell proliferation, and whether eIF5A2 specific inhibitor GC7 has any effects on cetuximab-mediated prolifera-
tion inhibition in HCC cell lines. It was observed that GC7 significantly inhibited cell proliferation in HCC cell lines. 
GC7 synergized cetuximab to inhibit the proliferation in epithelial HCC cell lines HepG2, Huh7 and Hep3B, but not 
in mesenchymal cell lines SNU387 and SNU449. Knockdown of eIF5A-2 by specific siRNA exhibited the similar ef-
fects as GC7 did. In cetuximab-treated cells, cetuximab decreased the protein level of EGFR and phosphorylated 
STAT3 and unexpectedly up-regulated the expression level of eIF5A2, indicating the activation of eIF5A2 pathway. In 
turn, cetuximab also synergized GC7 to inhibit cell proliferation in epithelial cell lines. GC7 also suppressed hypoxia-
induced cell proliferation in epithelial cell lines. These data suggest that eIF5A2 is an alternative pathway for cell 
proliferation in epithelial HCC cells escaping from the cytotoxicity of cetuximab. The eIF5A inhibitor GC7 might be a 
potent agent that promotes the cytotoxicity of cetuximab on epithelial HCC cells. 
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Introduction

Liver tumor is still a great threat for human 
health around the world. Among the primary 
liver tumors, hepatocellular carcinoma (HCC) is 
widely recognized as the most frequent form  
[1, 2]. Hence, novel therapeutic strategies for 
HCC treatment are urgently required. Tumor 
resection and liver transplantation are current-
ly most common surgical procedures for HCC. 
However, they are inapplicable for metastatic 
liver cancers [3]. Sorafenib is to date the only 
treatment proven to extend the survival of HCC 
patients in advanced stage and is widely impli-
cated in clinical practices as a first-line treat-
ment [4, 5]. However, this does not mean that 
the need for an effective second-line treatment 
of advanced liver cancer has already been met. 
In fact, lots of novel agents have been under 
development [6], of which cetuximab has been 
shown to have great efficacy pertaining to the 
treatment of human malignancies.

Cetuximab is an effective inhibitor of epider- 
mal growth factor receptor (EGFR). Cetuximab 
exerts its anti-cancer effects by suppressing 
EGFR in EGFR-overexpressing tumors, such as 
non-small cell lung cancer [7]. It was observed 
that EGFR activation contributed to the primary 
resistance of HCC cells to sorafenib, while in- 
hibition of EGFR by cetuximab promoted so- 
rafenib-mediated therapeutic effects in HCC 
[8]. Despite its potential, cetuximab has been 
indicated to be only modestly effective for  
treating HCC in phase II clinical trials [9]. In 
addition, a recent publication showed that ce- 
tuximab co-operated with the STAT3 inhibitor 
NSC 74839 to inhibit the proliferation of HCC 
cells via an EGFR-STAT3 pathway [10]. Combi- 
nation of cetuximab with rapacymin [11, 12]  
or microRNA-146a mimic [13] has also been 
shown to enhance the therapeutic efficacy of 
cetuximab on HCC. These publications alto-
gether suggest that HCC cells may be poten-
tially resistant to cetuximab. A single use of 
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cetuximab should not have high therapeutic 
efficacy in HCCs. Combined therapy (cetuximab 
and other agents) may potently enhance the 
cytotoxicity of cetuximab in HCCs. 

In the last decades, the eukaryotic translation 
initiation factor 5A (eIF5A) has been shown to 
be critically involved in oncogenic activities, 
including tumor growth and metastasis. Inhi- 
bition of eIF5A impairs melanoma growth [14], 
while overexpression of eIF5A promotes cell 
motility and metastasis in HCC [15]. In fact, 
eIF5A is an independent indicator for cell pro- 
liferation [16]. The prognostic significance and 
therapeutic potential of eIF5A in HCC has also 
been revealed [17]. eIF5A has two isoforms, 
namely eIF5A-1 and eIF5A-2. The function of 
eIF5A depends on a specific and unique post-
translational modification, termed hypusination 
(a lysine residue is converted into hypusine). 
Hypusination is completed by two steps: (1) a 
4-butylamine moiety of spermidine is trans-
ferred to the e-amino group of a specific ly- 
sine residue in the eIF5A molecule (Lys50 in 
human eIF5A), by the action of deoxyhypusine 
synthase (DHS), giving rise to the deoxyhypusil 
residue; (2) the deoxyhypusil residue carbon  
2 is hydroxylated by desoxyhypusil hydroxy- 
lase (DHH) to form the hypusine residue [N-e-
(4amino-2 hydroxybutyl) lysine] [14, 18]. Pre- 
viously, inhibitors of DHH (step 2) have been 
tested as anti-neoplastic agents, but unfor- 
tunately result in uncontrolled and unpredi- 
ctable side effects. Hence, the N1-guanyl-1,7-
diaminoheptane, known as GC7, has now been 

widely tested its property of inhibiting eIF5A 
hypusination [19]. GC7 is known as a DHS 
inhibitor (step 1) of high affinity and selectivity 
[19, 20]. The anti-proliferative effects of this 
compound via inhibiting eIF5A have been ob- 
served in various cell lines such as HUVEC,  
NIH-3T3, CHO-K1, H9 and HeLa [20, 21]. There- 
fore, inhibition of eIF5A hypusination by GC7 
has been considered as a promising strategy  
to suppress tumor growth.

In this study, we aimed to explore whether 
eIF5A has any connection with the cetuximab-
inhibited EGFR-STAT3 pathway in HCC. The 
toxic effects of GC7 on various HCC cell lines 
were hence investigated. In particular, the com-
bined effects of GC7 and cetuximab on HCC 
cell proliferation were assessed. 

Materials and methods

Cell lines and reagents

The human HCC cell lines, including epithelial 
HepG2, Hep3B, Huh7 cells and mesenchymal 
cells SNU-387 and SNU-449, were obtain- 
ed from the Shanghai Institute of Biological 
Science, Shanghai, China. All cells were cul-
tured in Dulbecco’s modified eagle medium 
(DMEM) (Gibco, Los Angeles, CA, USA) supp- 
lemented with 10% fetal bovine serum (FBS; 
Gibco) and 1% penicillin/streptomycin. Cells 
were maintained in a humidified incubator at 
37°C under 5% CO2. For induction of hypoxia, 
cells were treated with 100 μM of deferoxamine 

Figure 1. Inhibitive effects of cell 
proliferation by GC7 in HCC cell lines. 
A-E. Five HCC cell lines, including 
three epithelial cells HepG2, Huh7 
and Hep3B, and two mesenchymal 
cells SNU387 and SNU449 were 
cultured and treated with a various 
concentrations of GC7. The cell via-
bility under GC7 treatments were as-
sessed by CCK-8 assay (*, P<0.05).
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(Sigma, St. Louis, MO, USA) for 4 h. For knock-
down of specific genes, cells were transfect- 
ed with specific siRNAs (GenePharma, Shang- 
hai, China) using Lipofectamine 2000 (Invitro- 
gen, Shanghai, China) based on the manufac-
turer’s instructions. Culture medium was refre- 
shed every two days. For all the agents, stock 
solutions were prepared with dimethyl sulfo- 
xide (DMSO). Working solutions were made in 
fresh medium when needed. To prevent to- 
xicity, the working concentration of DMSO did 
not exceed 0.5% in any experiment. For other 
reagents, the Cell count kit-8 (cck8) was pur-
chased from Sigma-Aldrich (St. Louis, MO, 
USA). all antibodies were from Santa Cruz Bio- 
tech (Santa Cruz, CA, USA).

Cell viability assay

Cells were suspended into single cells and 
seeded into 96-well plates (3×106 cells/well) 
with 100 μl DMEM media supplied with 10% 
FBS medium. After cell growth overnight, cells 
were treated with corresponding concentra-
tions of GC7, with or without cetuximab for 48 
h. After that, 10 μL CCK-8 solution was add- 
ed into each well and cells were allowed to  
grow for additional 2 h under the same humi- 
dified incubator. Air bubbles were strictly avoid-
ed during the whole process. The absorbance 
of each well was measured at 450 nm using  
a synergy 2 multi-mode microplate reader (Bio 
Tek Instruments, Winooski, VT, USA). CCK-8  
Kit was commercially from Sigma-Aldrich (St. 
Louis, MO, USA). Relative cell viability was cal-

culated as a percentage of untreated controls. 
The half-maximal inhibitory concentration (IC50) 
was determined as previously described [11].

Western blot

Total cellular proteins were extracted from  
cultured cells with the RIPA buffer (Thermo 
Scientific, IL, USA) supplied with protease in- 
hibitor (PI, Beyotime Biotechnology, Nanjing, 
China). Total proteins were quantified using the 
Bradford method (Bio-Rad Laboratories, CA, 
USA) with bovine serum albumin (BSA) as a 
standard. Briefly, an equal amount of 50 µg  
protein/sample were loaded into each lane on 
a 10% SDS-PAGE gel and later transferred into 
polyvinylidene fluoride membranes (Millipore, 
Massachusetts, USA). Membranes were sub- 
sequently blocked with 5% skim milk for 1 h  
at room temperature and incubated with pri-
mary antibodies overnight at 4°C. After PBS 
washes, corresponding secondary antibodies 
were incubated with the membranes for addi-
tional 1 h at room temperature. The immunore-
activity was developed by using an ECL re- 
agent (Thermo Scientific, USA). 

Assessment of eIF5A activity

HCC cells were incubated in the presence of 
[1,8-3H]-spermidine (5 μCi/mL, Perkin-Elmer/
NEN) with GC7 or vehicle for 48 h. Cells were 
harvested and precipitated with 10% trichloro-
acetic acid (TCA) containing 1 mM spermidine 
and spermine, and then washed three times to 
remove the free [3H]-spermidine. A portion of 
the TCA precipitate was re-suspended in 1 N 
NaOH. The radioactivity of HCC cells were mea-
sured by liquid scintillation analyzer (Tri-Carb 
2900TR, Perkin-Elmer). Another portion of TCA 
precipitate was dissolved in SDS buffer and 
used for fluorographic detection of 3H-labelled 
hypusinated-eIF5A isoforms after SDS-PAGE.

EdU incorporation assay

EdU incorporation assay was performed to 
visualize the proliferative activity of cells under 

Figure 2. GC7 synergizes with cetuximab to promote cell proliferation in epithelial HCC cell lines. A. The efficacy of 
GC7 in inhibiting eIF5A was confirmed by western blotting. B-F. The five HCC cell lines were treated with cetuximab, 
or combination of cetuximab with GC7. Cell viability was assessed by CCK-8 assays. G-K. EdU incorporation assay 
was performed to assess the number of cells in proliferation. EdU-positive cells represent proliferating cells. The 
concentrations of cetuximab were the IC50 values in B-F panels. GC7 were treated for a fixed concentration of 10 
μM (**, P<0.01).

Table 1. IC50 values for single treatment of ce-
tuximab or combined treatment of cetuximab 
with GC7 in the five HCC cell lines

HCC cell 
lines

IC50 (μg/ml)
Cetuximab Cetuximab+GC7

HepG2 6881 2091
Huh7 2648 1800
Hep3B 2490 1481
SNU387 2294 2252
SNU449 1049 974.2
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Figure 3. eIF5A2 is another alternative pathway for cell proliferation in cetuximab-treated epithelial cancer cells. A. Knockdown efficiency of specific siRNA against 
eIF5A2 was assessed in the five HCC cell lines. B. The five cell lines were firstly depleted from expressing eIF5A2 by specific siRNA. These cells were then subject 
to treatment of single cetuximab, or combined treatment of cetuximab and GC7 (10 μM). Cell viability in each cell line was assessed by CCK-8 assay under distinct 
conditions. C. All cells that were treated with cetuximab were transfected with or without specific siRNA against eIF5A2. Cell viability was accordingly assessed.
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distinct treatments. Briefly, cells were exposed 
to EdU (5-ethynyl-2’-deoxyuridine) (Invitrogen) 
for 3 h at 37°C prior to tests. The cells were 
then fixed with 4% formaldehyde for another 
15min and treated with 0.5% Triton X-100 for 
additional 20 min at 37°C. After a consecutive 
of three times washes with PBS, the cells in 
each well were then reacted with 100 μL of  
1× Apollo reaction cocktail for 30 min. Subse- 
quently, the cells of each well were stained  
with 100 μL of Hoechst 33342 (5 μg/mL) for 
30 min and the proliferative activity of cells 
were visualized under a fluorescent micros- 
cope (Leica Microsystems).

Statistical analysis

Data were obtained from three independent 
experiments. All data were expressed as mean 
± standard deviation (SD). The inhibitory effects 
of different treatments were compared using 
the two-way ANOVA for repeated measure-
ments. All statistics were done using Prism  
5 (GraphPad Software, CA, USA). A p value  
less than 0.05 was considered of statistical 
significance. 

Results

Inhibitive effects of cell proliferation by GC7 in 
HCC cell lines

To investigate the role of GC7 in HCC cell prolif-
eration, we cultured five cell lines, including epi-
thelial HepG2, Huh7, Hep3B cells and mesen-
chymal SNU387 and SNU449 cells. All these 
cells were treated with a various concentra-
tions of GC7. It was observed that GC with its 

concentration less than 10 μM barely had  
any effects on cell viability in these cell lines. 
However, cell proliferative inhibition was ob- 
served with GC7 doses over 10 μM. And this 
inhibition effects were dose-dependent in all 
the five cell lines (Figure 1). These data sug- 
gest the proliferation inhibitive effects by GC7 
in the five HCC cell lines. 

GC7 synergizes with cetuximab to promote cell 
proliferation in epithelial HCC cell lines

Next, we examined the effects of GC7 (10 μM) 
on cetuximab-mediated proliferation inhibition 
in the above five cell lines. The efficacy of  
GC7 in inhibiting the expression of eIF5A1 and 
eIF5A2 was initially assessed and confirmed 
(Figure 2A). It was observed that cetuximab 
exhibited dose-dependently inhibition of cell 
viability in all of the cell lines. In the epithelial 
cell lines, combination of GC7 and cetuximab 
caused further inhibition of cell viability (Figure 
2B-D). However, in the mesenchymal SNU387 
cells and SNU449 cells, combination of GC7 
and cetuximab barely changed the cell viabi- 
lity as compared with a single treatment of 
cetuximab (Figure 2E, 2F). Calculation of IC50 
also confirmed that the IC50 values in the epi-
thelial HCC cells, instead of mesenchymal HCC 
cells, were significantly lower in combined treat-
ments of GC7 and cetuximab than in single 
treatment of cetuximab (Table 1). EdU incorpo-
ration assay is an ideal technique to reveal the 
proliferating cells. Hence, the five cell lines 
were treated with single cetuximab (IC50 con-
centration), or combined with GC7. Treatment 
of cells with cetuximab alone did not change 

Figure 4. eIF5A is activated by cetuximab treatment in the epithelial HCC cell lines. The protein levels of eIF5A2, total 
STAT3, phosphorylated STAT3 and EGFR were assessed upon treatments of vehicle, single cetuximab, or combina-
tion of cetuximab and GC7 (A). The biological activities of eIF5A1 and eIF5A2 were also detected in distinct treat-
ments (B). It was shown that cetuximab up-regulated the protein level of eIF5A2, and also increased the biological 
activities of both eIF5A1 and eIF5A2 in the three epithelial HCC cell lines. CET, cetuximab.
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the ratio of EdU-positive cells. However, com-
bined treatments of cetuximab and GC7 caused 
significant decreases of EdU-positive cells only 
in epithelial HepG2, Huh7 and Hep3B cells 
(Figure 2G-K). These data suggest that GC7 
enhances the cytotoxicity of cetuximab in epi-
thelial HCC cells. 

eIF5A is activated in cetuximab-treated epithe-
lial HCC cell lines

To further confirm the GC7-mediated enhance-
ment of cetuximab cytotoxicity, we employed 
specific siRNA against eIF5As to knock down 
the expression of eIF5A2 in the five cell lines. 
The knockdown efficiency of specific siRNA was 
tested and confirmed by western blot (Figure 
3A). Based on this siRNA, the five cell lines 
were depleted from eIF5A2 and treated with 
single cetuximab, or a combination of cetux-
imab and GC7. Interestingly, each cell line dis-
played similar cell viability between single 
cetuximab treatment group and combined 
treatment group, despite epithelial and mesen-
chymal cell lines (Figure 3B). This observation 
indicated that eIF5A2 is essential for GC7-
mediated enhancement of cetuximab cytotoxic-
ity. Furthermore, when eIF5A2 was depleted, 
cetuximab-mediated proliferation inhibition 
was even significant as compared to the group 
without eIF5A2 depletion. However, this phe-
nomenon was only visible in the epithelial 
HepG2, Huh7 and Hep3B cells. These data sug-
gest that eIF5A2 is another alternative pathway 
for cell proliferation in cetuximab-treated epi-
thelial cancer cells.

eIF5A is activated by cetuximab treatment in 
the epithelial HCC cell lines

Further, we performed western blot to detect 
the expression of eIF5A in response to treat-
ment of cetuximab, with or without GC7 in the 
three epithelial HCC cell lines. As shown in 
Figure 4A, treatment of cetuximab decreased 
the expression of EGFR and the phosphorylat-
ed level of STAT3 without affecting the total 
STAT3 level. Interestingly, the protein level of 
eIF5A2 was also up-regulated by single treat-
ment of cetuximab relative to no agent treat-
ment. Combination of GC7 and cetuximab 
down-regulated the protein level of eIF5A2 as 
compared with single cetuximab treatment. 
Moreover, cetuximab treatment also increased 
the activities of both eIF5A1 and eIF5A2 (Figure 
4B), further verifying that eIF5A2 is activated 
by cetuximab in the epithelial HCC cells. 

Cetuximab synergizes GC7 to promote its pro-
lifereation inhibition in the epithelial HCC cell 
lines

In turn, we assessed whether cetuximab had 
any effects on GC7-mediated proliferation inhi-
bition. It was shown that while GC7 inhibited 
the cell proliferation in a dose-dependent man-
ner in HepG2, Hep3B and Huh7 cells, addition 
of cetuximab caused further inhibition of cell 
proliferation (Figure 5A-C). In the EdU incorpo-
ration assay, 10 μM of GC7 barely affected the 
proliferation ability, which was also evidenced 
by the data in Figures 1 and 5A-C. However, 
combination of GC7 and cetuximab significant-
ly decreased the proliferation abilities in the 
epithelial HCC cells (Figure 5D-F). The IC50 val-
ues also verified that cetuximab enhanced the 
proliferation inhibitive effects by GC7 in the epi-
thelial HCC cell lines (Table 2). Since cetuximab 
exerted its inhibition of proliferation mainly by 
EGFR-STAT3 pathway, we depleted STAT3 by 
specific siRNA (Figure 5J). Epithelial HCC cells 
that were transfected with or without specific 
siRNA again STAT3 were treated with GC7 with 

Figure 5. Cetuximab synergizes GC7 to promote its prolifereation inhibition in the epithelial HCC cell lines. A-C. Three 
epithelial HCC cell lines HepG2, Huh7 and Hep3B were treated with various doses of GC7, with or without additional 
cetuximab. D-F. EdU incorporation assay was performed to assess the proliferating abilities in GC7 (10 μM) - treated 
cells with or without cetuximab (IC50 concentration in Table 2). G-I. Specific siRNA against STAT3 were employed to 
knock down the expression of STAT3 in the three cells HepG2, Huh7 and Hep3B. Cells were then treated with vari-
ous doses of GC7 and were assessed for their viability under each condition. J. The knockdown efficacy of specific 
siRNA against STAT3 in HepG2, Huh7 and Hep3B cells (***, P<0.001). 

Table 2. IC50 values for single treatment of 
GC7 or combined treatment of GC7 with ce-
tuximab in the three epithelial HCC cell lines

HCC cell 
lines

IC50 (μM)
GC7 Cetuximab+GC7

HepG2 142.3 58.95
Huh7 169.7 99.99
Hep3B 143.8 42.80
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distinct doses. It was interestingly observed 
that knockdown of STAT3 could still further 
enhanced the GC7-mediated proliferation inhi-
bition in the three cell lines. However, these 
enhanced effects of proliferation inhibition 
were less remarkable as compared with that in 
the Figure 5A-C (Figure 5G-I). These data sug-
gest cetuximab also enhances the cytotoxicity 
of GC7 in the epithelial HCC cells. The enhance-
ment of GC7 cytotoxicity by cetuximab depends 
on the expression of STAT3.

Effects of GC7 on the EGFR-STAT3 pathway

Next, it was observed that treatment of GC7 
up-regulated the phoshorylated levels of STAT3 
without affecting the protein level of EGFR in 
HepG2, Huh7 and Hep3B cells. More impor-
tantly, combination of cetuximab and GC7 
decreased the expression of p-STAT3 and EGFR 
to levels lower than the control group (vehicle 
treatment) (Figure 6), indicating that combined 
therapy may exhibit much more potent thera-
peutic effects.

GC7 inhibits the hypoxia-induced cell prolifera-
tion in epithelial HCC cell lines

Lastly, a hypoxia model was used to induce cell 
proliferation. It was observed that compared to 
normoxia, hypoxia rescued cells from cetux-
imab-induced proliferation inhibition in HepG2, 
Huh7 and Hep3B cells. However, treatment of 
cells with GC7 significantly blunted the above 
hypoxia-induced effects. Instead, cell viability 
was further inhibited by addition of GC7 to cells 
in hypoxia environment (Figure 7A). In addition, 
we detected the biological activities of eIF5A1 
and eIF5A2 in hypoxia-incubated cells. It was 

rates, urgently requires novel developments of 
effective treatments for this malignancy [22]. 
Prognosis of unresectable or metastatic HCC 
still remains poor, possibly due to diagnosis at 
a late stage, underlying liver cirrhosis or resis-
tance to chemotherapy [10]. Sorafenib is cur-
rently the first-line treatment for HCC. However, 
resistance to sorafenib is also reported. It has 
been revealed that EGFR activation is a poten-
tial determinant of primary resistance of HCC 
cells to sorafenib, while inhibition of EGFR by its 
specific inhibitor cetuximab promotes the effi-
cacy of sorafenib [8]. Furthermore, a p-STAT3 
inhibitor (NSC 74859) enhances the anti-prolif-
erative activity of cetuximab in HCC [10]. These 
data suggest that EGFR-STAT3 pathway plays 
critical roles in HCC cell resistance to sorafenib. 
For the last years, the effects of cetuximab in 
treating HCC have been emerging. However, 
single use of cetuximab is only modestly effec-
tive in clinical trials [10], indicating that a cetux-
imab-resistance mechanism may exist, and 
other agents are urgently required to promote 
the cytotoxicity of cetuximab in the treatment 
of HCC.

This study investigated (1) whether eIF5A2 had 
any connection with cetuximab-treated HCC 
cells, and if any, (2) whether the specific eIF5A 
inhibitor GC7 could promote the efficacy of 
cetuximab in HCC. We found that treatment of 
GC7 to epithelial HCC cells significantly inhibit-
ed cell proliferation. Combination of GC7 and 
cetuximab enhanced either GC7- or cetuximab-
mediated proliferation inhibition, indicating a 
synergistic effect between these two agents. 
Moreover, in cetuximab-treated cells (resistant 
predisposition), it was detected that eIF5A was 
elevated. Knockdown of eIF5A by siRNA or its 

Figure 6. Effects of GC7 on the EGFR-STAT3 pathway. Treatment of GC7 up-
regulated the phoshorylated levels of STAT3 without affecting the protein 
level of EGFR in HepG2, Huh7 and Hep3B cells. In addition, combination of 
cetuximab and GC7 decreased the expression of p-STAT3 and EGFR to levels 
lower than the control group (vehicle treatment). CET, cetuximab.

shown that hypoxia increased 
the activities of both eIF5A1 
and eIF5A2 significantly as 
compared with control cells 
(Figure 7B). These data sug-
gest that eIF5A is also invo- 
lved in hypoxia-induced cell 
proliferation in epithelial HCC 
cell lines.  

Discussion

The heavy burden of hepato-
cellular carcinoma (HCC), 
which is characterized by its 
high incidence and mortality 
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inhibitor GC7 significantly blunted cell viability 
in cetuximab-treated cells. These data suggest 
that eIF5A2 is an alternative pathway for cell 
proliferation after HCC cell resistance to cetux-
imab. The single use of cetuximab to HCC cells 
may activate the eIF5A2 pathway which blunts 
the cetuximab-mediated proliferation inhibition 
in HCC cells. However, combination of cetux-
imab with GC7 significantly enhances the cyto-
toxicity of cetuximab, therefore illustrating that 
co-treatment of cetuximab and GC7 may be a 
potent therapeutic strategy against HCC. 

Of note, the synergistic effect of GC7 with 
cetuximab was only observed in epithelial HCC 
cell lines HepG2, Huh7 and Hep 3B. This obser-
vation is the first report to reveal that HCC cells 
with distinct genotypes differ in response to 
GC7 and/or cetuximab. Moreover, this could be 
explained by the fact that epithelial cell lines 
had lower levels of p-STAT3 [10]. Activation of 
STAT3 was shown to play a role in tumor resis-
tance to anticancer drugs, and down-regulation 
of pSTAT3 increased the sensitivity of human 
cancer cells to agents [23-25]. Hence, epitheli-
al HCC cell lines that have lower levels of 
pSTAT3 predispose to anticancer drug sensitiv-
ity. Our findings may suggest that only epithelial 
HCC cell lines are sensitive to STAT3-related 
agents such as GC7 and cetuximab.

Interestingly, treatment of epithelial HCC cells 
with GC7 up-regulated the expression of p- 
STAT3, while it barely caused changes of EGFR 

expression. The elevation of p-STAT3 may help 
decrease cancer cell resistance to GC7 as 
aforementioned. There is also another possibil-
ity that GC7 itself may have some potential con-
nection to the activation of STAT3. It would be 
interesting that further work is performed on 
the possible communication between GC7 and 
the activation of STAT3.

In all, our study illustrate that eIF5A2 is an alter-
native pathway for cell proliferation in cetux-
imab-treated HCC cells. Inhibition of eIF5A2 by 
GC7 may serve as a promising agent to pro-
mote the cytotoxicity of cetuximab in treating 
HCC. These effects are only remarkable in epi-
thelial HCC cells. For mesenchymal HCC cells, 
other agents may be required.
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