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Abstract. Eukaryotic initiation factor 5A2 (eIF5A2), a newly 
identified oncogene, promotes cell survival, proliferation and 
motility in tumorigenesis. Drug resistance and dose-related 
adverse side-effects greatly reduce the efficiency and safety 
of cisplatin-based chemotherapy in advanced or recurrent oral 
squamous cell carcinoma (OSCC) patients. The present study 
investigated the effect of eIF5A2 combined with N1-guanyl-
1,7-diaminoheptane (GC7, a novel eIF5A2 inhibitor) or 
siRNA. We found that low concentrations of GC7 (≤5 µM) had 
little effect on OSCC cell viability, but significantly enhanced 
cisplatin cytotoxicity. Compared with cisplatin, GC7/cisplatin 
had little effect on cisplatin-promoted mesenchymal-epithelial 
transition in mesenchymal phenotype Tca8113 and HN30 cells, 
or on cisplatin-induced epithelial-mesenchymal transition 
(EMT) in epithelial phenotype Cal27 and HN4 cells. Further 
research revealed that the upregulation of p-STAT3 and c-Myc 
which was induced by the single treatment with either cisplatin 
or GC7 was significantly reversed by the GC7/cisplatin combi-
nation in mesenchymal phenotype Tca8113 and HN30 cells. In 
in vivo treatment, we revealed that the GC7/cisplatin combi-
nation presented significant tumor volume reduction without 
distinct body weight loss. In conclusion, our data indicated that 
eIF5A2 is a potent therapeutic target in OSCC treatment. Our 
results revealed a novel mechanism by which GC7/cisplatin 
combination therapy may offer an efficient and safe therapeutic 
alternative to advanced or recurrent OSCC patients.

Introduction

In 2015, there were 45,780 new cases of cancer of the oral 
cavity and pharynx diagnosed with 90% of them attributed 

to oral squamous cell carcinoma (OSCC) and 8,650 people 
succumbed to this disease, since 69.4% of these new cases were 
diagnosed at late stage III and IV of the disease (1). Therapeutic 
treatment of OSCC is based on the stage of the disease and 
includes, either separately or in combination, surgery, radiation 
and chemotherapeutic agents such as cisplatin (2-4). However, 
despite many novel chemotherapeutic agents and molecularly 
targeted therapies, the essential molecular mechanisms under-
lying the pathogenesis of OSCC and chemotherapy resistance 
have yet to be fully elucidated, which is important especially 
to late-stage patients, since the 5-year survival rates have not 
significantly improved in decades (5,6).

The initiation of oral cancer cells in primary tumor inva-
sion-metastasis cascade is enabled by epithelial-mesenchymal 
transition (EMT), a complex and reversible process which 
leads to loss of epithelial markers, such as E-cadherin and 
gain of mesenchymal markers, such as N-cadherin, fibronectin 
and vimentin with increased migration and invasive capa-
bilities (7). EMT is initiated and regulated by various different 
cytokines and growth factors during tumor progression (8). The 
gain of EMT markers has been associated with the resistance 
of ovarian carcinoma epithelial cell lines to paclitaxel  (9). 
Although emerging evidence indicates that OSCCs which 
undergo EMT are responsible for radio-chemoresistance, the 
underlying mechanism remains unclear (10-12). Therefore, 
considering the oncogenic potential of EMT, it is essential 
to investigate the possible role of EMT in drug resistance 
to commonly used OSCC chemotherapeutic agents such as 
cisplatin, in order to acquire promising improvements.

The presence of recurrent copy number aberrations of 3q 
is one of the most frequent chromosomal aberrations in OSCC 
and is related to a more substantial risk of metastasis (11,13). 
To date, eukaryotic translation initiation factor 5A-2 (eIF5A2) 
located on 3q26 is the only known substrate of deoxyhypusine 
synthase (DHPS), an enzyme catalyzing hypusination that 
contributes to the progression of tumor malignancy and poor 
prognosis  (14,15). The overexpression of eIF5A2 has been 
demonstrated to be related to cancer metastasis in hepato-
cellular and colorectal carcinomas and to poor prognosis in 
bladder and ovarian cancers  (16-18). Several studies have 
found that N1-guanyl-1,7-diaminoheptane (GC7), a novel 
DHPS inhibitor, suppresses tumor cell proliferation by inhib-
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iting eIF5A2 (18-22). These findings indicated that aberrant 
eIF5A2 expression was a response to the malignant behavior 
of cancer cells. However, the potential oncogenic role and the 
underlying molecular mechanisms of eIF5A2 in OSCC have 
not been elucidated.

In addition, EMT progression was significantly impacted 
by eIF5A2 through different molecular pathways in many solid 
tumors (19,20,22,23). In the present study, we examined the 
antitumor effect of cisplatin-based treatment combined with 
GC7 in OSCC cells. We also investigated the possible under-
lying molecular mechanisms through which the activation of 
eIF5A2 was involved in the enhanced cisplatin sensitivity in 
OSCC cells and found that the inactivation of eIF5A2 induced 
by GC7 increased cisplatin chemosensitivity in mesenchymal 
phenotype OSCC cells via inhibition of the signal transducer 
and activator of transcription 3 (STAT3) signaling pathway 
feedback activation.

Materials and methods

Cell culture and reagents. The human OSCC cell lines, Cal27, 
HN4, HN30 and Tca8113, were obtained from the Chinese 
Oral Tissue Culture and Collection Center (Shanghai, China) 
and were maintained as monolayers in RPMI-1640 medium 
(Gibco, Carlsbad, CA, USA) with 10% fetal bovine serum 
(FBS; HyClone Laboratories, Logan, UT, USA), 1% peni-
cillin/streptomycin (Sigma-Aldrich, St. Louis, MO, USA) in 
5% CO2 at 37˚C. Cisplatin was obtained from Sigma-Aldrich 
and stock solutions were prepared in dimethyl sulphoxide 
(DMSO). GC7 was obtained from Calbiochem (Merck KGaA, 
Darmstadt, Germany). Unless otherwise indicated, all other 
chemicals were the purest grade available and were obtained 
from Sigma-Aldrich.

CCK-8 cell viability assay and EdU incorporation assay. Cell 
viability was analyzed with the Cell Counting Kit-8 (CCK-8; 
Dojindo Laboratories, Kumamoto, Japan) in accordance with 
the manufacturer's protocols. Briefly, OSCC cells (3x103 
cells/well) were seeded onto 96-well culture plates, allowed 
to attach for 12 h and serum-starved overnight to synchronize 
the cells. Subsequently, the culture medium was replaced with 
complete medium containing cisplatin or cisplatin combined 
with GC7 at indicated doses for 48 h. Subsequnelty, CCK-8 
solution (10 µl/well) was added and the cells were incubated 
at 37˚C for 3 h, and then absorbance was assessed at 450 nm 
using an MRX II microplate reader (Dynex Technologies Inc., 
Chantilly, VA, USA). The cell viability was calculated as a 
percentage of untreated control cells. Assessement of the inhi-
bition rate of cell proliferation was performed using a Click-iT 
EdU Imaging kit (Invitrogen Life Technologies, Carlsbad, CA, 
USA) following the manufacturer's protocol. Each experiment 
was performed in triplicate and repeated three times.

eIF5A2 siRNA transfection. OSCC cells were transfected 
with eIF5A2 siRNA or negative control siRNA (Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) using Lipofectamine 
2000 (Invitrogen Life Technologies) according to the manu-
facturer's instructions. The transfection medium (Opti-MEM) 
was replaced with complete medium 6 h after transfection, and 
then the cells were incubated for 24 h, before all subsequent 

experiments were performed. Each experiment was performed 
in triplicate and repeated three times.

Apoptosis analysis. For the evaluation of apoptosis in 
HN30 cells induced by cisplatin (IC30 and IC50) alone or 
combined with 5 µM GC7 for 48 and 24 h, respectively, the 
Annexin V-FITC PI Apoptosis Detection kit (BD Pharmingen; 
BD Biosciences, San Diego, CA, USA) was used according 
to the manufacturer's protocols. The apoptosis cells were 
identified using an FC 500 flow cytometer (Beckman Coulter, 
Inc., Los Angeles, CA, USA) at 488 nm. Each experiment was 
performed in triplicate and repeated three times.

Western blot analysis. OSCC cells were collected and whole 
cellular extracts were lysed in 50  µl cell of lysis buffer 
(Cell Signaling Technology, Beverly, MA, USA) containing 
protease inhibitors (BioVision, Milpitas, CA, USA) according 
to the manufacturer's instructions. The protein concentration 
was quantified using the BCA Protein kit (Thermo Fisher 
Scientific, Rockford, IL, USA). Equal amounts of proteins 
were separated by 10% SDS-PAGE and transferred to PVDF 
membranes (Millipore, Billerica, MA, USA), blocked with 
TBS/T containing 5% bovine serum albumin (BSA) for 2 h 
on ice, and then incubated with primary antibodies against 
E-cadherin (mouse monoclonal, ab1416), vimentin (mouse 
monoclonal, ab8978), eIF5A2 (mouse polyclonal, ab168122), 
p53 (mouse monoclonal, ab26), STAT3 (rabbit monoclonal, 
ab68153), p-STAT3 (rabbit monoclonal, ab76315), c-Myc 
(rabbit monoclonal, ab32072) or GAPDH (mouse monoclonal, 
ab8245) (1:1,000 diluted in TBS/T; Abcam, Cambridge, MA, 
USA) at 4˚C overnight, washed three times with TBS/T and then 
incubated with the appropriate HRP-conjugated secondary 
antibodies (rabbit anti-mouse, ab6728; goat anti-rabbit, 
ab6721) (dilution 1:2,000; Abcam) for 1 h at room temperature. 
The protein bands were developed using chemiluminescence 
(GE Healthcare Life Sciences, Piscataway, NJ, USA) and visu-
alized using autoradiography (Kodak, Rochester, NY, USA). 
The quantification of proteins was performed by estimation of 
the protein band densities using Image-Pro Plus 6.0 software 
(Media Cybernetics Inc., Bethesda, MD, USA) and the protein 
levels were standardized to GAPDH.

Establishment and treatment of tumor xenografts in vivo. All 
animal studies were carried out in compliance with the Guide 
for the Care and Use of Laboratory Animals of Zhejiang 
University (Zhejiang, China). All applicable international, 
national, and/or institutional guidelines for the care and use 
of animals were followed. Male athymic BALB/c nude mice 
(Shanghai Experiment Animal Centre, Shangai, China), 
5-6 weeks old and weighing 15-20 g, were used in the present 
study. OSCC Tca8113 cells (1x106) suspended in 0.1 ml phos-
phate buffered saline (PBS) were injected subcutaneously 
(s.c.) into the left flank of each mouse and tumor growth 
was monitored every other day. Tumor length (L) and width 
(W) were assessed with a sliding caliper and tumor volume 
was determined with the standard formula (LxW2)/2 (24,25). 
Drug treatment was initiated when the tumor volume reached 
30-75 mm3. Twenty nude mice injected with OSCC cells were 
randomly divided into four groups: three experimental groups 
including GC7 (1 mg/kg), cisplatin (2 mg/kg) and GC7 (1 mg/
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kg) + cisplatin (2 mg/kg), as well as one vehicle-treated control 
group (equal volume of diluents). The drugs were administered 
intraperitoneally (i.p.) every 2 days for 2 weeks. Subsequently, 
the mice were euthanized by cervical dislocation, and then 
the tumors were carefully dissected from each mouse for 
tumor weight assessement. The relative tumor inhibitory rate 
was calculated as follows: (mean tumor weight of the control 
group - mean tumor weight of the experimental group)/(mean 
tumor weight of the control group) x 100%.

Statistical analysis. The results are presented as the 
mean  ±  standard deviation (SD). Data were statistically 
analyzed using the SPSS 17.0 software (SPSS Inc., Chicago, IL, 
USA). The effects of the combined treatment were compared 
using two-way ANOVA, followed by Bonferroni's post hoc 
test. Analyses of the comparisons of two groups were carried 
out using Student's t-tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Low concentrations of GC7 exhibit slight cytotoxicity against 
OSCC cells. By inhibiting the hypusination of eIF5A2 by 
DHPS, GC7 specifically prevents the activation of eIF5A2. 
However, the cytotoxicity of GC7 against OSCC cells has 
rarely been reported. To determine the appropriate concentra-
tion of GC7 for co-administration with cisplatin, CCK-8 cell 
viability assays were performed in order to test the cytotoxicity 
of GC7 in Tca8113, Cal27, HN30 and HN4 OSCC cell lines. 
The results revealed that GC7 had almost no effect on Cal27, 
HN30 and HN4 cell viability at a concentration between 0 and 
5 µM, however, GC7 significantly inhibited cell viability at 
a concentration exceeding 10 µM (Fig. 1B-D). Similarly, the 
cell viability of Tca8113 cells was not affected when the GC7 
concentration was <10 µM, whereas it was significantly inhib-
ited at a GC7 concentration exceeding 20 µM (Fig. 1A). Our 
data indicated that low concentrations of GC7 exerted little 
cytotoxicity against OSCC cells. Several studies have reported 
that low concentrations of GC7 could inhibit the hypusination of 
eIF5A2 effectively in some tumor cells (26,27). Subsequently, 
5 µM GC7, which exerted little cytotoxicity against OSCC 
cells but could inhibit the efficiency of eIF5A2 activation, was 
used for the following co-treatments with cisplatin.

GC7 enhances the sensitivity of cisplatin in OSCC cells 
through inhibition of cell proliferation without induction of 

apoptosis. To assess the synergistic cytotoxic effect of cisplatin 
plus GC7, we used a CCK-8 assay to assess cell viability and 
EdU incorporation assay to test the inhibition of proliferation 
of OSCC cells treated with cisplatin alone or cisplatin plus GC7 
for 48 h. The results revealed that increasing the concentration 
doses of cisplatin reduced cell viability in all cell lines (Fig. 2). 
Tca8113, HN4 and HN30 cells exhibited a higher sensitivity 
to cisplatin than Cal27 cells. The IC50 values for cisplatin 
alone at 48 h in Tca8113, HN30, HN4 and Cal27 cells were 
1.685 (1.535-1.835), 2.201 (1.971-2.431), 1.797 (1.722-1.872) 
and 7.729 µg/ml (4.162-11.296 µg/ml), respectively (Table I). 
When cisplatin was combined with 5  µM GC7, cisplatin 
sensitivity significantly increased and exerted a stronger anti-
proliferative effect in all four cell lines compared to cisplatin 
alone and the IC50 values at 48 h in Tca8113, HN30, HN4 and 
Cal27 cells were decreased to 0.818 (0.787-0.850, P<0.05), 
1.000 (0.955-1.046, P<0.05), 1.215 (1.164-1.266, P<0.05) and 
2.994 µg/ml (2.611-3.37 µg/ml, P<0.05), respectively (Fig. 2 
and Table I). Therefore, GC7 significantly sensitized OSCC 
cells to cisplatin.

The induction of apoptosis in HN30 cells was analyzed by 
flow cytometry following administration of cisplatin (IC50 and 
IC30 values) alone or in combination with 5 µM GC7 for 24 
and 48 h, respectively. Notably, co-treatment with GC7 had 
no evident effect on apoptosis induction compared to cisplatin 
alone (Fig. 3A, P>0.05).

GC7 sensitizes the cytotoxicity of cisplatin in mesenchymal 
phenotype OSCC cells through STAT3 pathway inhibition 

Figure 1. Low concentrations of GC7 have little effect on cytotoxicity against OSCC cells. (A) Tca8113, (B) HN30, (C) Cal27 and (D) HN4 cells were treated 
with different concentrations of GC7 for 48 h. The CCK-8 values were normalized to the control group (control), which was treated without GC7 (*P<0.05). 
GC7, N1-guanyl-1,7-diaminoheptane; OSCC, oral squamous cell carcinoma.

Table I. IC50 values of cisplatin in OSCC cell lines with or 
without GC7 treatment.

	 IC50 (µg/ml)a
	 ------------------------------------------------------------------------------------------------------------------------------------------

OSCC cell lines	 Cisplatin	 Cisplatin + GC7

Cal27	 7.729 (4.162-11.296)	 2.994 (2.611-3.377)b

HN4	 1.797 (1.722-1.872)	 1.215 (1.164-1.266)b

HN30	 2.201 (1.971-2.431)	 1.000 (0.955-1.046)b

Tca8113	 1.685 (1.535-1.835)	 0.818 (0.787-0.850)b

aIC50 values and 95% confidence interval of cisplatin in each treatment. 
bP<0.05 vs. cisplatin alone. OSCC, oral squamous cell carcinoma; 
GC7, N1-guanyl-1,7-diaminoheptane.
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and eIF5A2 inactivation. In order to determine whether the 
phenotype of OSCC cells contributed to their differing chemo-
sensitivity to combined therapy, we assessed the expression of 
epithelial/mesenchymal markers in OSCC cells. The results 
revealed that the E-cadherin/vimentin ratio was clearly higher 

in the HN4 and Cal27 cells with an epithelial phenotype than 
in the HN30 and Tca8113 cells, which have a mesenchymal 
phenotype (Fig.  3B). Notably, mesenchymal OSCC cells 
exhibited more sensitivity to cisplatin than epithelial OSCC 
cells. Cisplatin alone reversed EMT in mesenchymal OSCC 

Figure 2. Cytotoxicity of cisplatin is enhanced by low concentrations of GC7 in OSCC cells. GC7 (5 µM) significantly enhanced the cytotoxicity of cisplatin 
in (A) Tca8113, (B) HN30, (C) Cal27 and (D) HN4 cells. The best fit lines (solid) and 95% confidence intervals (dashed) are indicated for the treatments in 
different cells. Photomicrographs and bar charts illustrate the 5-ethynyl-2'-deoxyuridine (EdU) staining pattern and relative EdU-positive ratio of different cell 
lines, after 48 h of treatment with control, cisplatin alone or combined with GC7 (*P<0.05 for cisplatin vs. control; *#P<0.05 for cisplatin + GC7 vs. cisplatin). 
GC7, N1-guanyl-1,7-diaminoheptane; OSCC, oral squamous cell carcinoma.
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cells through upregulation of E-cadherin and downregulation 
of vimentin. Although cisplatin alone increased the expres-
sion of E-cadherin, it also slightly increased the expression of 
vimentin in epithelial OSCC cells. There were no significant 
changes in the expression of E-cadherin and vimentin in both 
epithelial and mesenchymal OSCC cells treated with cisplatin 
alone as compared to the combined treatment (Fig.  3B). 
Therefore, the ability of GC7 to enhance the cytotoxicity of 
cisplatin did not occur in relation to phenotype transition in 
OSCC cells.

STAT3, one of the seven members of the STAT protein 
family that regulates cell cycle progression and cell growth, 
exhibits constitutive activity in various human malignancies, 
including breast, prostate, head and neck, lung, colon, liver 
and pancreatic cancers, and lymphoma, leukemia and multiple 
myeloma (1-3). Notably, we revealed that the ability of GC7 

to enhance the cytotoxicity of cisplatin in mesenchymal 
phenotype OSCC cells may be mediated through STAT3 
pathway inhibition and the eIF5A2 inactivation. As shown in 
Fig. 3B and C, c-Myc and p-STAT3 were upregulated in OSCC 
cells treated with cisplatin or GC7 alone compared to the 
control, whereas the combined treatment could significantly 
reverse this upregulation in mesenchymal phenotype Tca8113 
and HN30 cells. Similar results were not observed in epithelial 
phenotype Cal27 and HN4 cells. Notably, we found that the 
expression of eIF5A2 was decreased via combined treatment 
in Tca8113 cells.

To further ascertain the mechanism by which GC7 
enhanced the cytotoxicity of cisplatin in OSCC cells, eIF5A2 
siRNA was transfected into HN4, Cal27, HN30 and Tca8113 
cells to inhibit the eIF5A2 expression and found that the 
expression of eIF5A2 was significantly inhibited in all four 

Figure 3. GC7 inhibits cisplatin-induced STAT3 signaling pathway feedback activation in mesenchymal phenotype OSCC cells. (A) Apoptosis flow cytometric 
analysis images, (B) western blot analysis of the expression of EMT markers (E-cadherin and vimentin) and (C) key components of STAT3 signaling pathway 
(p-STAT, STAT and c-Myc) in control OSCC cells and OSCC cells treated for 24 h (for the apoptosis assay) or 48 h (for the apoptosis assay and western blot 
analysis) with cisplatin alone or combined with GC7. GC7, N1-guanyl-1,7-diaminoheptane; EMT, epithelial-mesenchymal transition; OSCC, oral squamous 
cell carcinoma.
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OSCC cell lines (Fig. 4E). CCK-8 cell viability assays were 
then carried out in these transfected OSCC cells treated with 

cisplatin alone or combined with GC7 for 48 h. The results 
indicated that increasing the concentration doses of cisplatin 

Figure 4. GC7 enhances cisplatin sensitivity in OSCC cells via inhibition of eIF5A2. Knockdown of eIF5A2 by siRNA-transfection reduced the synergistic 
effect of cisplatin combined with GC7 in (A) Tca8113, (B) HN30, (C) Cal27 and (D) HN4 cells. The best fit lines (solid) and 95% confidence intervals (dashed) 
are indicated for the treatments in different cells (p>0.05 for cisplatin + GC7 vs. cisplatin). (E) Western blot analysis of expression of eIF5A2 in OSCC cells 
transfected with eIF5A2 siRNA (+) or negative siRNA (-). GC7, N1-guanyl-1,7-diaminoheptane; OSCC, oral squamous cell carcinoma; eIF5A2, eukaryotic 
initiation factor 5A2.

Figure 5. GC7 combined with cisplatin exhibits potent growth inhibition in mesenchymal phenotype OSCC Tca8113 cells in vivo. Tumor volume (D) and 
body weight (B) from the Tca8113 cell xenograft mice treated with GC7, cisplatin, cisplatin + GC7 or vehicle-treated control groups were assessed every other 
day as indicated. (A) After 2 weeks of treatment, the mice were euthanized, and tumors were dissected and weighed. (C) The relative tumor inhibitory rates 
were normalized to the control group (*P<0.05 for cisplatin vs. GC7; *#P<0.05 for cisplatin + GC7 vs. cisplatin. Dots, mean; bars, SD; GC7, N1-guanyl-1,7-
diaminoheptane; OSCC, oral squamous cell carcinoma.
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reduced cell viability in all cell lines (Fig. 4A-D). Although 
the sensitivity to cisplatin alone increased significantly in 
Cal27 cells after the eIF5A2 siRNA transfection the IC50 
value at 48 h was decreased from 7.729 (4.162-11.296) to 1.030 
(0.975‑1.085 µg/ml) (Tables I and II). The Tca8113 cells were 
the most sensitive to cisplatin alone after eIF5A2 siRNA trans-
fection and the IC50 value at 48 h was 0.833 (0.816-0.851 µg/ml) 
(Table II). However, when cisplatin treatment was combined 
with GC7 after eIF5A2 siRNA transfection, no significant 
increase of cisplatin sensitivity was observed in all four OSCC 
cell lines and the IC50 values at 48 h in Tca8113, HN30, HN4 
and Cal27 cells were 0.901 (0.880-0.922), 2.771 (2.293-3.249), 
1.483 (1.368-1.598) and 1.359  µg/ml (1.220-1.498  µg/ml), 
respectively (Table II and Fig. 4A-D).

The antitumor effect of cisplatin is boosted by GC7 without 
evident toxic side effect increase in the Tca8113 cells in vivo. 
Based on the significant enhancement of cytotoxicity of 
cisplatin by GC7 in OSCC cells in vitro and the essential role 
of STAT3 pathway inhibition via eIF5A2 inactivation, we 
further examined the antitumor effect of the cisplatin/GC7 
combination in Tca8113 cells in vivo. As shown in Fig. 5A-C, 
GC7 alone exhibited a significant antitumor inhibitory rate 
compared to the control which indicated the crucial role of 
eIF5A2 activation in OSCC tumorigenesis. Cisplatin alone 
revealed lower tumor volume. In addition, cisplatin alone 
resulted into relatively more body weight loss compared to 
GC7 alone, which may indicate a higher toxic side effect 
(Fig. 5B and D). The differences of body weight between 
the cisplatin and cisplatin/GC7 groups were marginal. 
Furthermore, tumor volume and weight were significantly 
decreased in the cisplatin/GC7 group as compared to the 
cisplatin group alone (Fig. 5B and D). Our results strongly 
indicated that GC7 may enhance the antitumor effect of 
cisplatin in vivo without causing severe systemic side‑effects 
(body weight change).

Discussion

The most significant clinical factor responsible for the vast 
majority of OSCC deaths is not only metastasis to cervical 
lymph nodes, but also the impact of primary tumors. Despite 
the progress in surgery and radiation therapy especially in 

adjuvant or neo-adjuvant chemotherapy, the 5-year survival 
rate for patients with advanced or recurrent OSCC has not 
significantly improved over the past 30 years (1). Therefore, 
an improved, more promising therapeutic intervention 
to improve the prognosis of OSCC patients is essential. 
Recently, combined treatment based on chemotherapy drugs 
or molecularly-targeted agents revealed promising synergistic 
antitumor effects and relieved the toxic side-effects usually 
caused by chemotherapy (4,21,28,29). The overexpression of 
eIF5A2 has been reported to be associated with invasion and 
metastasis in various human malignances, including colon, 
bladder, ovarian and hepatocellular cancer (14,15,17). In addi-
tion, eIF5A2 has been shown to induce EMT in colorectal and 
hepatocellular cancer (22,23,26). In the present study, we first 
demonstrated that GC7, an inhibitor of the eIF5A2 activation, 
exerted better antitumor effects in the OSCC cells in vitro 
and in vivo combined with cisplatin-based therapy, the most 
frequently used chemotherapy drugs in OSCC patients, and 
then identified the potential molecular mechanism mediating 
the synergistic antitumor effects.

As the substrate of DHPS, eIF5A2 isolated from 3q26 using 
chromosome microdissection and hybrid selection, is essential 
for the proliferation of mammalian cells and has recently been 
considered as a novel candidate oncogene highly associated 
to tumor metastasis and invasion (30-33). Despite the fact that 
the properties of malignancy of various human cancers are 
closely related with the expression of eIF5A2, the expression 
and function of eIF5A2 in OSCC is not fully elucidated. In the 
present study, we observed a high level of eIF5A2 expression 
in HN4, Cal27, HN30 and Tca8113 cells, while the inactivation 
of eIF5A2 by GC7 or the knockdown of eIF5A2 expression by 
siRNA transfection revealed a significant inhibition of prolif-
eration of the OSCC cells in vitro and in vivo. Thus, we came 
to the conclusion that eIF5A2 may also play a key role in the 
properties of malignancy of the OSCC cells which may be a 
potential therapeutic target.

EMT has been demonstrated to be associated with 
tumorigenicity, growth and invasiveness in various human 
tumors including OSCC and it has been suggested that EMT 
may be involved in drug resistance in OSCC (7,8,12,34,35). 
In the present study, we found that mesenchymal Tca8113 
and HN30 cells were more sensitive to cisplatin compared 
to epithelial Cal27 and HN4 cells. Compared to the 
untreated control cells, cisplatin downregulated vimentin 
and upregulated E-cadherin in the Tca8113 and HN30 cells, 
which indicated that the cells underwent EMT reversion in 
response to cisplatin. Furthermore, cisplatin downregulated 
E-cadherin and upregulated vimentin in the relatively less 
sensitive Cal27 and HN4 cells which indicated that the cells 
underwent EMT. However, when treated with the combina-
tion of cisplatin and GC7, a novel inhibitor of DHPS which 
is required for the activation of eIF5A2, the expression of 
E-cadherin and vimentin did not change, while the sensi-
tivity to cisplatin was significantly inceased compared to 
cisplatin treatment alone in the OSCC cell lines. This study 
revealed that GC7 enhanced the cytotoxicity of cisplatin in 
OSCC cells through the inactivation of eIF5A2 without EMT 
involvement. To further determine the role of eIF5A2 in the 
increased GC7-induced cisplatin sensitivity, the OSCC cells 
were transfected with eIF5A2 siRNA. Consistent with our 

Table II. IC50 values of cisplatin in eIF5A2-siRNA transfected 
OSCC cell lines with or without GC7 treatment.

	 IC50 (µg/ml)a

	 --------------------------------------------------------------------------------------------------------------------------------------

OSCC cell lines	 Cisplatin	 Cisplatin + GC7

Cal27	 1.030 (0.975-1.085)	 1.359 (1.220-1.498)
HN4	 1.637 (1.504-1.770)	 1.483 (1.368-1.598)
HN30	 2.452 (2.096-2.808)	 2.771 (2.293-3.249)
Tca8113	 0.833 (0.816-0.851)	 0.901 (0.880-0.922)

aIC50 values and 95% confidence interval of cisplatin in each treat-
ment. OSCC, oral squamous cell carcinoma. P<0.05 vs. cisplatin.
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hypothesis, the synergistic effect of cisplatin and GC7 was 
eliminated by eIF5A2 siRNA transfection.

STAT3 is one of the seven members of the STAT protein 
family with SH2 (Src Homology-2) domains that act as signal 
messengers and transcription factors and mediate the actions 
of many cytokines and growth factors (11). The constitutive 
activity of STAT3 has been associated with a wide variety 
of human malignancies, including breast, prostate, head and 
neck, lung, colon, liver and pancreatic cancers, and multiple 
myeloma  (36-39). The in  vitro data in the present study 
revealed that the mesenchymal phenotype Tca8113 and HN30 
cells were more sensitive to cisplatin compared to the epithelial 
Cal27 and HN4 cells. To ascertain the molecular mechanisms 
involved in the combination of GC7 with cisplatin in different 
phenotype OSCC cells, we observed that cisplatin significantly 
upregulated p-STAT3 and c-Myc which was abolished when 
co-treated with GC7 in mesenchymal phenotype Tca8113 and 
HN30 cells (40). Similar results were not observed in epithelial 
phenotype Cal27 and HN4 cells, which indicated that GC7 
may enhance cisplatin sentivity via other molecular mecha-
nisms in epithelial phenotype Cal27 and HN4 cells. Therefore, 
our data revealed that the STAT3 signaling pathway may 
be involved in chemoresistance to cisplatin in more aggres-
sive mesenchymal OSCC cells and that inhibition of eIF5A2 
activity could eliminate this effect. The specific mechanisms 
involved in STAT3 pathway regulation and eIF5A2 activity 
are worth further investigation in mesenchymal phenotype 
OSCC cells.

Our aim for the future is not only to increase the efficiency 
of cisplatin in more aggressive OSCC cells, but more impor-
tantly, to reduce the adverse side-effects associated with the 
administration of high doses of cisplatin. The results obtained 
with OSCC cells in vitro prompted us to evaluate the efficacy of 
GC7 in increasing cisplatin sensitivity in vivo. In combination 
with GC7, it is interesting to note that a significant inhibition 
of tumor growth was found without causing distinct body 
weight reduction compared with cisplatin alone. Accordingly, 
we considered that the potent effect of cisplatin combined 
with GC7 may be more specific in blocking OSCC cell growth 
than other normal cells, which could represent a remarkable 
key point in developing efficient and safe adjuvant treatment 
of OSCC. Further in vitro and in vivo studies are required to 
investigate the underlying molecular mechanisms involved 
in the increase of cisplatin sensitivity via GC7-mediated 
inactivation of eIF5A2 in OSCC cells, especially with a more 
aggressive mesenchymal phenotype.

In conclusion, the present study revealed that combined 
treatment with GC7 enhanced the cytotoxicity of cisplatin 
in OSCC cells through inhibition of eIF5A2 activation. In 
addition, this is the first evidence that combined treatment 
with GC7 presents a significant antineoplastic effect in more 
aggressive mesenchymal phenotype OSCC cells in  vitro 
and in vivo by preventing cisplatin- or GC7-induced STAT3 
signaling pathway activation. Therefore, the combination 
therapy with GC7 may contribute to a better effect with a 
lower recurrence rate and adverse side-effects after cisplatin 
chemotherapy. Collectively, these findings not only provided 
strong evidence to consider eIF5A as a novel target in OSCC, 
but also offered a new strategy to improve the treatment of 
patients with advanced or recurrent OSCC in clinical practice.
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