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Abstract

Overexpression of survivin plays a crucial role in tumorigenesis and correlates with poor prognosis in
human malignancies, including oral squamous cell carcinoma (OSCC). Thus, survivin has been proposed
as an attractive target for new antitumor interventions. In the present study, we found that a natural
compound, Dioscin, inhibited OSCC cells by reducing the survivin protein level and activating apoptotic
signaling. Dioscin inhibits survivin expression by interrupting EGFR binding to the AT-rich sequences
(ATRSs) at the survivin promoter, eventually promoting survivin-mediated cell apoptosis. The in vivo
study showed that Dioscin suppressed the tumor development of SCC25 cells. Furthermore, the
immunohistochemistry (IHC) results revealed that treated with Dioscin reduced the protein levels of
EGFR and survivin in SCC25 xenograft tumors. Overall, our findings indicate that targeting the
EGFR-survivin axis might be a promising OSCC treatment strategy.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
most common subtype of head and neck squamous
cell carcinoma (HNSCC) [1] and represents about 90%
of all oral malignancies [2]. Tobacco, alcohol, and betel
quid are the most known carcinogens contributing to
the high occurrence of OSCC [3]. Other factors, such
as human papillomavirus (HPV) infection, may also
be involved [4]. Despite technological advances in
diagnosis and treatment strategies, such as chemo-
therapy, radiotherapy, target therapy, photodynamic
therapy and surgery, the prognosis of OSCC has only
moderately improved and the 5-year survival rate of
patients with OSCC remains approximately 50% [5,
6]. The discovery of more effective agents with fewer

side effects may provide new avenues for treating
OSsCC.

Many natural products from medicinal and
edible plants have anticancer activity, low toxicity,
and few adverse side effects making them a source of
prototype molecules to develop new chemothera-
peutic agents with potent anticancer properties [7-11].
One of these compounds is dioscin, a steroidal
saponin, which is abundantly expressed in many
medicinal plants, such as Dioscorea nipponica Makino.
Numerous research has suggested that dioscin has
broad-spectrum pharmacological activities, such as
anti-oxidative, anti-fibrosis, anti-proliferation, anti-
allergic, anti-viral, anti-inflammation, anti-fungal,
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immunoregulation, anti-hyperuricemia, anti-aging,
pro-autophagic, anti-thrombotic, and cholesterol-
lowering effects and possesses fewer side effects
compared with the drugs with the same effect in
current clinical application relatively speaking [12-14].
Dioscin also provided obvious protective effects on
various metabolic disorders, such as fatty acid
metabolism and the damage of organs, including the
kidney, liver, lung, and heart [15-17]. Furthermore,
dioscin reduced chemoresistance [18] and regulated
M1 macrophage polarization and differentiation of
myeloid-derived suppressor cells [19]. Moreover,
dioscin has shown its antitumor activity in various
types of cancer, including lung [20], colorectal [12],
prostate [21], gastric [22], ovarian [23], and laryngeal
[24] cancers through JNK, MAPK, and Akt/mTOR
signaling [20, 23]. However, the effect of dioscin
activity on human OSCC cells has not been reported,
and the underlying mechanism remains unknown to
our best knowledge.

Increasing evidence indicates that survivin
(encoded by the gene BRIC5), a member of the
inhibitor of apoptosis (IAP) protein family, is freq-
uently overexpressed [25] and generally associated
with a more aggressive disease progression, poor
clinical outcomes and therapeutic resistance in a wide
variety of human cancers [26]. Aberrant survivin
expression has been found in lung cancer [27],
hepatocellular carcinoma [28], breast cancer [29], and
oral squamous cell carcinoma [26]. Survivin inhibits
apoptosis of tumor cells by regulating caspase 3/7 or
apoptosis-regulatory factors such as HSP90 and AIF
[30]. It also can promote mitosis or DNA repair via
Ku70 [30]. Thus, targeting survivin would be a
plausible therapeutic method for OSCC treatment.

Therefore, this paper aimed to investigate the
effects of dioscin against OSCC cells, and the under-
lying mechanism associated with the EGFR/Survivin
pathway was also studied. The findings may provide
novel insights and develop a potent candidate for
preventing and treating OSCC.

Materials and Methods

Reagents and antibodies

Dioscin (> 98% purity, #HY-N0124) was
purchased from MedChemExpress (Monmouth
Junction, NJ). Other chemical reagents, such as
dimethylsulfoxide (DMSO), NaCl, SDS, and Tris base
for buffer preparation, were obtained from
Sigma-Aldrich (St. Louis, MO). The FBS, cell culture
media, and antibiotics were purchased from
Invitrogen (Grand Island, NY). Antibodies against
Survivin (#2808, 1B:1:1000), EGFR (#4276, 1B: 1:1000),
cleaved-caspase 3 (#29664, 1B: 1:1000), cleaved-PARP

(#5625, IB: 1:1000), CREB (#9197, IB: 1:1000),
anti-rabbit IgG HRP (#7074), and anti-mouse IgG
HRP (#7076) were obtained from Cell Signaling
Technology, Inc. (Beverly, MA). p-actin (#A5316, 1B:
1:10000) was purchased from Sigma-Aldrich (St.
Louis, MO, USA). Dioscin was dissolved in DMSO at
a stock solution concentration of 100 mM. The stock
solution was freshly diluted to desired concentrations
for each experiment.

Cell lines and cell culture

Human oral squamous cell carcinoma cell lines
SCC-4 (ATCC CRL-1624) and SCC-25 (ATCC
CRL-1628) were purchased from the American Type
Culture Collection (ATCC, Manassas, VA). All cells
were cultured with DMEM/F12 medium containing
10% of FBS and 1% antibiotics and maintained at 37°C
in a humidified incubator with 5% CO, according to
the ATCC protocols. The cells were cytogenetically
tested and authenticated before being frozen.

Protein preparation and Western blotting

Whole-cell extract (WCE) was prepared with
RIPA buffer (20 mM NAP, pH 7.4, 150 mM NaCl, 1%
Triton, 0.5% Sodium-deoxycholate, and 0.1% SDS)
supplemented with protease inhibitors. BCA assay
(#23228, Pierce, Rockford, IL) was used for protein
concentration following the standard procedures.
Western blotting was performed as previously
described [31, 32]. Briefly, WCE was boiled with
loading buffer at 95°C for 5 min and subjected to
SDS-PAGE followed by electrotransfer to the PVDF
membrane. The membrane was blocked with 5%
non-fat milk and incubated with primary antibody at
4°C overnight. Anti-rabbit IgG HRP and anti-mouse
IgG HRP were used as second antibodies. The target
protein was visualized using the ECL substrate
(#32106, Thermo Fisher Scientific).

Cell viability assays

Human OSCC cells were seeded at a density of
2x103/well in 96-well plates in 100 pL of DMEM/F12
medium containing 10% of FBS without or with
different concentrations of dioscin and incubated in a
37°C, 5% of COy incubator. After culturing for 48 h, 10
pL of the WST-1 reagent (#11644807001; Roche,
Mannheim, Germany) were added to each well, and
cells were incubated for 2 hours at 37°C. The
absorbance of the cellular reduction of WST-1 to
formazan was measured at 450 nm as previously
described [33]. Three independent experiments were
performed in triplicate.

Flow cytometry

Flow cytometry was performed as previously
described [34]. OSCC cells were seeded into 6-well
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plates in DMEM/F12 medium containing 10% of FBS.
After culturing for 12 h, different concentrations of
dioscin were added to each well and left on the cells
for 48 h. After treatment, attached and floating cells
were harvested. For apoptosis analysis, the cells were
suspended in 1x10°¢ cells/mL, and 5 pL Annexin V
and Propidium lodide staining solution were added
to 300 pL of the cell suspension. After incubated 10-15
minutes at room temperature in the dark, stained cells
were assayed and quantified using a FACSort Flow
Cytometer (BD, San Jose, CA, USA). Each experiment
was done in triplicate and repeated at least twice.

Transfection and luciferase reporter assays

The EGFR WT expression construct (#11011) and
the empty vector (#1764) were available on Addgene
(Cambridge, MA, USA). The pGL3-survivin promoter
plasmid was kindly provided by Prof. Ning-Zhi Xu at
the Chinese Academy of Medical Sciences [35]. The
pGL3-Basic and the Renilla luciferase reporter
construct pRLSV40 (Promega, Madison, WI, USA) was
used as previously described [36]. Human OSCC cells
growing on 24-well plates were transfected with the
pGL3-survivin promoter plasmid or the pGL3-Basic
vector. After transfection, cells were treated with 0.1%
DMSO or dioscin for 48 h. Or OSCC cells were
co-transfected with the pGL3-survivin promoter
plasmid or the pGL3-Basic vector along with EGFR

WT or empty vector for 48 h using Lipofectamine
2000 (cat#11668-019, Invitrogen, Carlsbad, CA)
following the manufacturer's instructions. Each
transfection contained the pRL-SV40 construct. Firefly
luciferase and Renilla luciferase activity were
determined using the Dual-Luciferase reporter assay
system (#E1910, Promega) with a GloMax 20/20
luminometer (#E5311, Promega). Relative luciferase
activities were normalized for transfection efficiency
by dividing Firefly luciferase values by Renilla
luciferase values. The data are represented as the fold
induction compared to the pGL3-Basic vector. All
experiments were performed in triplicate with three
independent experiments. The overexpression of
EGFR protein was verified by Western blotting
analysis.

Chromatin-immunoprecipitation assay

Chromatin-immunoprecipitation (ChIP) assays
were performed as previously described [36]. Briefly,
the dioscin-treated OSCC cells were cross-linked with
1% of formaldehyde, neutralized with 125 mM
glycine, harvested, and disrupted by sonication to
fragments with an average size of ~500 bp. The
chromatin of cells was pre-cleared with 30 pL protein
G agarose/salmon sperm DNA (#16-201; Upstate,
Temecula, CA, USA) and incubated with 2 pg of

EGFR (#MA5-13697; ThermoFisher), or normal mouse
IgG (#12-371; Millipore) antibody at 4°C overnight.
The immunocomplexes were pulled down with 30 pL
dynabeads Protein G (#100.03D; Invitrogen, Carlsbad,
CA, USA). The beads were collected on a magnetic
device and washed with ChIP wash buffer and TE
buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA).
Cross-links for both ChIP and input DNA were
reversed at 65°C for 5 h and DNA was purified with
E.ZN.A Cyclepure Kit (Omega BIO-TEK, Norcross,
GA, USA). Equal amount of each ChIP-DNA was
used as a template for polymerase chain reactions
(PCR). PCR products were analyzed by -electro-
phoresis on a 3% agarose gel and visualized by
ethidium bromide staining. The primer pairs (Table
1) were used to amplify the survivin promoter regions
in the immunoprecipitated DNA.

In vivo tumor growth

All animal experiments were approved by the
Institutional Animal Care and Use Committee
(IACUC) of Hunan University of Chinese Medicine
(Changsha, China). The OSCC xenograft models were
constructed by s.c.injection of SCC-25 (3x10°) cells
into the right flank of 6-week-old athymic nude mice
(n=5). Tumor volume and mouse body weight were
recorded every two days. The tumor-bearing mice
were initiated with compound treatment when the
tumor volume reached around 100 mms3. The control
group was administered vehicle control, whereas the
compound-treated group was administered Dioscin
(b mg/kg) every two days by i.p. injection [37, 38].
Tumor volume was determined using the formula
length x width x width/2. The tumor mass was fixed
and subjected to Immunohistochemical staining.

Immunohistochemical staining

Immunohistochemical staining was performed
as previously described [39]. The mice xenograft
tumor tissue slides were deparaffinized and
rehydrated by subsequent incubation with xylene and
ethanol to complete paraffin removal. Antigen
retrieval was performed by submerging the tissue
slides into sodium citrate buffer (10 mM, pH 6.0) and
boiling for 10 min. After a wash with ddH>O 3 times,
the slides were incubated with 3% H>O, in methanol
for 10 min to deactivate the endogenous horseradish
peroxidase, followed by washing with PBS 3 times.
The slides were blocked with 50% goat serum
albumin in PBS at room temperature for 1 h and
hybridized with the primary antibody in a humidified
chamber overnight at 4 °C. Tissue slides were
incubated with secondary antibody at room
temperature for 45 min and visualized by DAB
substrate. Hematoxylin was used for counterstaining.
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Statistical analysis

Statistical analyses were performed using
GraphPad Prism 9 (GraphPad 9, San Diego, CA,
USA). The quantitative data are expressed as mean *
SD. The difference was evaluated using the Student's
t-test or ANOVA. A probability value of p< 0.05 was
used as the criterion for statistical significance.

Results
Dioscin inhibits OSCC cell growth

Dioscin (Fig. 1A) has shown antitumor activities
against several human cancers. In order to identify the
antitumor effect of dioscin on OSCC, we detected the
suppression effect of dioscin on cell proliferation in
SCC-4 and SCC-25 cells. WST-1 results indicated that
treatment with dioscin dose-dependently suppressed
cell proliferation in both SCC-4 (Fig. 1B) and SCC-25
cells (Fig. 1C). Moreover, the soft agar assay showed
that treatment with dioscin inhibited the colony
formation of SCC-4 and SCC-25 cell significantly (Fig.
1D). To test the toxicity of dioscin to normal cells, we
treated the immortalized epithelial cell HaCat with
dioscin, and found that dioscin could not significantly
reduce cell viability at 10 uM (Fig. 1E). These results
suggest that dioscin specifically suppresses the
growth of OSCC cells.

Dioscin induces cell apoptosis in OSCC cells

We next tested the effect of dioscin on cell death
in SCC-4 and SCC-25 cells. Western blotting results
showed that treatment with dioscin dose-dependently
resulted in enhanced cleavage of procaspase 3 and
PARP in both SCC-4 and SCC-25 cells (Fig. 2A).
Treated with pan-caspase inhibitor, z-VAD-fmk,
restored cell viability in both SCC-4 and SCC-25 cells
(Fig. 2B). Furthermore, cell death was assessed by
flow cytometry analysis upon Annexin V/PI staining
using SCC-4 and SCC-25 cells as models. The results
demonstrated that the application of different
concentrations of dioscin for 48 h dose-dependently
triggered significant apoptosis (Fig. 2C). The subcel-
lular fractions assay revealed that dioscin-induced the
release of cytochrome C from mitochondrial to the
cytoplasm (Fig. 2D). These results suggest that
dioscin-mediated OSCC cell growth inhibition may
partly due to dioscin-induced intrinsic apoptosis.

Dioscin suppresses EGFR-regulated survivin
expression in OSCC cells

We found that dioscin downregulated the
survivin protein level (Fig. 3A). Based on the finding
that survivin is highly expressed in OSCC tissues and
cell lines [7], we thus examined the impact of dioscin
on the expression of the survivin gene in OSCC cells

by luciferase reporter gene assay. The expression of
luciferase in the survivin-Luc reporter was driven by
the survivin promoter. Dioscin treatment decreased
luciferase expression of the reporter plasmid in SCC-4
and SCC-25 cells (Fig. 3B), indicating that dioscin
inhibited the expression of the survivin gene in OSCC
cells. Notably, we found that suppression of survivin
by dioscin was accompanied by downregulation of
EGEFR protein (Fig. 3A). To further determine whether
EGFR involves in the activation of the survivin
promoter, the pGL3-Survivin-Luc reporter was
co-transfected with the EGFR expression plasmid to
assess the contribution of EGFR to the survivin
promoter activity. Results demonstrated that
overexpression of EGFR (Fig. 4A) significantly
increased the protein level of Survivin and the
promoter activity of survivin in both SCC-4 and
SCC-25 cells (Fig. 4B). Collectively, the data suggest
that dioscin suppresses EGFR-regulated survivin
expression in OSCC cells.

Dioscin inhibits the direct binding of EGFR to
the survivin gene locus in OSCC cells

It has been reported that EGFR can be activated
and then translocated into the nucleus as a
transcriptional activator [40, 41]. The putative
EGFR-targeting sites are AT-rich sequences (ATRSs),
including TNTTT or TTTNT [40, 41]. Sequence
analysis revealed nine putative ATRSs at the survivin
promoter (between -1497 and -257, ATRS1-9, Fig. 5A).
To verify whether EGFR can bind to the survivin
promoter, we performed an in vivo ChIP assay.
Further, to demonstrate the effect of dioscin on the
interaction of EGFR with the survivin promoter in
vivo, OSCC cells were treated with DMSO or dioscin
for 48 h, chromatin was immunoprecipitated, and the
binding of EGFR to the AT-rich sequences was
analyzed by PCR using primers designed around the
survivin promoter region (Fig. 5A and Table 1). ChIP
assays with SCC-4 and SCC-25 cells showed that
EGFR interacted with the survivin promoter region
(Fig. 5B) and dioscin significantly disrupted the
interaction of EGFR with the survivin locus (Fig. 5B).
These results suggest that dioscin inhibits the direct
binding of EGFR to the survivin promoter to decrease
survivin expression, leading to dioscin-induced
apoptosis in OSCC cells.

Dioscin suppresses the in vivo tumor growth of
SCC-25 cells

To further determine the in vivo antitumor effect
of dioscin, we performed a xenograft mouse model
using SCC-25 cells. The results showed that the tumor
volume of the vehicle-treated group of SCC-25-
derived tumors was 574 + 121 mmS3. In contrast,
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dioscin treatment dramatically suppressed tumor
development, as the tumor volume was only 294 + 64
mm? (Fig. 6A). We next examined the tumor weight of
both vehicle- and dioscin-treated groups and found
that dioscin reduced tumor weight by over 50%
compared to that of the vehicle-treated group (Fig.
6B). In addition, we found that treated with dioscin
did not reduce body weight significantly (Fig. 6C),
indicating that dioscin was well tolerated at the
current dosage. Immunohistochemistry (IHC)
staining revealed that administration with dioscin
reduced the expression of Ki67 in SCC-25 tumors.
Also, EGFR and survivin protein levels were reduced
consistently (Fig. 6D and 6E). These results suggest

that dioscin inhibited the in vivo tumor growth of
SCC-25 cells.

Discussion

In the present study, we have shown that a
natural compound, dioscin, inhibits the growth of
OSCC cells. One of the major mechanisms seems to be
the suppression of survivin and the promotion of cell
apoptosis. Moreover, we demonstrated that the
downregulation of survivin is regulated by inhibiting
the direct binding of EGFR to the survivin promoter

in OSCC cells (Fig. 7).

Table 1. Primers for amplification of the Survivin promoter by ChIP-PCR.

Primer Sense sequence (5't03') Antisense sequence (5't03') Size (bp)
1 AGGGGTAAGAGAGGGAGAGG AGGCTGGTCTCAAACTCCTG 247
2 CAGGAGACAGAGAGAGAGCG CCGGCCCGATGTCAATTTAA 199
3 TGAGCTGAGATCATGCCACT CTTATTAGCCCTCCAGCCCC 222
4 GAAGTGAGTGGATGTGATGCC AGGGCAAACTCCTCCTTTCC 151
5 CCATCCCTCCCCTGTTCATT GTGGTGCATGCCTGTAATCC 241
6 GATGTCTGCTGCACTCCATC AGTGAGCTGAGATTGTGCCA 179
7 CACCACGCCCAGCTAATTTT ACTGCTTTCAAAGAACGCGT 172
8 GGGTTCAAGCGATTCTCCTG CTTTCAAAGAACGCGTGCAG 226
9 CGCCTCTACTCCCAGAAGG GTAGAGATGCGGTGGTCCTT 193
10 GACTACAACTCCCGGCACA ATGCGGTGGTCCTTGAGAAA 219
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Figure 1. Dioscin inhibits cell viability of OSCC cells. (A) Dioscin chemical structure. (B, C) Dioscin suppresses cell viability of SCC-4 (B) and SCC-25(C) OSCC cells.
SCC-4 and SCC-25 OSCC cells were treated with DMSO or the indicated concentrations of dioscin in medium containing 10% FBS, and growth was measured at the indicated
times using the WST-1 assay. Data represent mean + SD from three independent experiments. *, p<0.05, *¥, p<0.01, *** p<0.001, a significant difference from the DMSO control
cells. (D) Dioscin inhibits the colony formation of SCC-4 and SCC-25 cells in soft agar. (E) The effect of Dioscin on HaCat cells was determined by WST-1 assay. ns, not

statistically significant.
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Figure 2. Dioscin induces apoptosis of OSCC cells. (A) SCC-4 and SCC-25 cells were treated with DMSO or the indicated concentrations of dioscin for 48 h, and whole
cell extracts were analyzed by Western blotting. Cleavage of caspase 3 and PARP were detected after dioscin treatment. B-actin was used as a loading control. (B) SCC-4 and
SCC-25 cells were treated with DMSO or the indicated concentrations of dioscin for 24 h, then pan-caspase inhibitor z-VAD-fmk was added to the cell culture medium and
maintained for another 24 h. Cell viability was examined by WST-1 assay. (C) SCC-4 and SCC-25 cells were treated with DMSO or dioscin (3 pM) for 48 h, stained by propidium
iodide and Annexin V-FITC, then analyzed by flow cytometry to determine the apoptotic cells. Data represent mean * SD from two independent experiments. *, p<0.05, **,
p<0.01, a significant difference compared with the DMSO-treated cells. (D) SCC-4 cells were treated with DMSO or the indicated concentrations of dioscin for 48 h, and
subcellular fractions were isolated and subjected to Western blotting analysis.
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Figure 3. Effect of dioscin on the expression Survivin in OSCC cells. (A) SCC-4 and SCC-25 cells were treated with DMSO or the indicated concentrations of dioscin
in medium containing 10% FBS for 48 h. After treatment, attached and floating cells were harvested. Expression of the indicated proteins was analyzed by Western blotting with
specific antibodies. B-actin was used as a loading control. (B) Dioscin inhibits the Survivin promoter activity in OSCC cells. Dual luciferase reporter assays of plasmid DNA
encoding a fragment of human Survivin promoter in OSCC cells were performed as described in Materials and Methods. SCC-4 and SCC-25 cells were transfected with the
Survivin promoter reporter plasmid or pGL3-Basic vector and then exposed to DMSO or dioscin (3 uM) for 48 h. Firefly luciferase readings were normalized to Renilla luciferase
to correct for transfection efficiency. The Survivin promoter-driven luciferase activities were expressed as fold induction over the activity of the pGL3-Basic vector. Data
represent mean * SD from two independent experiments performed in triplicate. *, p<0.05, significant difference compared with the DMSO control cells.

Increased levels of survivin gene expression are
observed in human cancers [25]. Previous studies
have reported that survivin expression was higher in
the cancer samples compared to leukoplakia samples
and in normal tissues [42]. High survival expression is
correlated with lymph node metastasis, clinical stage,
and poor prognosis [43, 44]. Since survivin plays a
crucial role in OSCC, survivin-targeted therapeutics
have remained a central goal of survivin studies in the

cancer field, including OSCC. Currently, strategies
based on different mechanisms have developed
several survivin inhibitors, including survivin-partner
protein interaction inhibitors, survivin homodimeri-
zation inhibitors, survivin gene transcription
inhibitors, survivin mRNA inhibitors, and survivin
immunotherapy [45]. Survivin has become a
well-known cancer therapeutic target.
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Figure 4. Effect of EGFR on the expression Survivin in OSCC cells. (A) Overexpression of EGFR was examined by Western blot analysis with specific antibodies.
[B-actin was used as a loading control. (B) Overexpression of EGFR increases the Survivin promoter activity in OSCC cells. SCC-4 (left panel) and SCC-25 (right panel) cells were
co-transfected pGL3-Survivin plasmid or pGL3-Basic vector along with EGFR WT expression construct (#11011) or empty vector for 48 h as described in Materials and
Methods. The Survivin promoter activity was measured by dual luciferase reporter assays. Firefly luciferase readings were normalized to Renilla luciferase to correct for
transfection efficiency. The Survivin promoter-driven luciferase activities were expressed as fold induction over the activity of the pGL3-Basic vector. Data represent mean + SD
from two independent experiments performed in triplicate. *, p<0.05, **, p<0.01, a significant difference compared with the empty vector-transfected control cells.
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Figure 5. Dioscin inhibits the binding of EGFR to the Survivin promoter in OSCC cells. (A) Nine predicted EGFR targeting sites (the ATRS1-9) in the Survivin
promoter. This graph shows the Survivin promoter region from -1800 to +200. The black bars mean the putative ATRSs. ATRS-1: -1497 to -1493; ATRS-2: -1473 to -1469;
ATRS-3: -892 to -888; ATRS-4: -639 to -635; ATRS-5: -608 to -604; ATRS-6: -557 to -553; ATRS-7: -403 to -399; ATRS-8: -395 to -391; ATRS-9: -261 to -257. The location of
primers (#1 to #4) used in ChIP experiments is indicated. (B) SCC-4 and SCC-25 cells were treated with DMSO or dioscin (3 uM) for 48 h and subjected to ChlP assays with
an antibody against EGFR or normal mouse IgG. The precipitated DNA fragments were subjected to PCR analysis to test for the presence of sequences corresponding to the

Survivin gene locus. Input material (10%) was shown for comparison. ##, p<0.01, ###, p<0.001, significant difference compared with the IgG control. ***, p<0.001, a significant
difference compared with the DMSO control cells.

Epidermal growth factor receptor (EGFR) is a  Huang et al. reported that overexpression and
tyrosine kinase receptor located at the cell membrane.  increased gene copy numbers of EGFR were found in
Aberrant EGFR is considered an etiological factor in  oral squamous cell carcinomas (OSCC). EGFR protein
human cancer, contributing to cancer development,  overexpression is closely related to EGFR gene
metastasis, and resistance to chemotherapy [46]. amplification and is associated with a poor prognosis
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both in terms of disease-free survival (DFS) and
overall survival (OS) [47]. Several other studies also
suggest that EGFR overexpression is frequently
observed and plays a crucial role in the pathogenesis
of human oral cancer, making it a potential
therapeutic target [48]. Thus, EGFR tyrosine kinase
inhibitors, such as Erlotinib [49], and EGFR
monoclonal antibodies, such as cetuximab [50], have
investigated the antitumor activity against human
oral cancer.

Accumulating evidence indicated that cell
surface receptors, such as EGFR family members
(c-erbB-1/EGFR, c-erbB-3, and c-erbB-4) can
translocate to nuclear and exert biological function
[51]. For example, c-erbB-3 is located in the nucleus
through the active nuclear localization signal (NLS)

near the COOH-terminus of the protein upon the
addition of the exogenous ligand [52]. EGFR can
recognize AT-rich sequence sites (ATRSs) of target
gene promoters and function as a transcription factor
to activate genes expression [40, 41], such as cyclin D1
[40], iNOS [53], COX-2 [54], Aurora A [41] and MMP2
[55]. Cordero et al. [56] reported that 1,25(0OH).D;
inhibited cell proliferation by decreasing EGF-
induced nuclear translocation and EGFR binding to
ATRS sequence in the cyclin D1 promoter, finally
suppressing cyclin D1 transcription. In addition, it has
been reported that FGFR-1 acted as a transcription
factor at the FGF-2 promoter [57]. These findings
suggest that direct nuclear translocation of cell surface
receptors, such as EGFR, may act as a transcription
factor to regulate gene expression.
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Figure 6. Dioscin inhibits the in vivo tumor growth of SCC-25 cells. (A, B) The tumor volume (A), the image of the tumor mass and, weight (B) of SCC-25-derived
xenograft tumors treated with vehicle or dioscin. (C) The body weight of SCC-25-derived xenograft tumors treated with vehicle or dioscin. (D, E) The representative images
(D) and qualifications (E) of IHC staining of Kié7, EGFR, and survivin in SCC-25-derived xenograft tumors with vehicle or dioscin treatment. **p<0.001. Scale bar, 50 um.
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Figure 7. Schematic model of the inhibition of EGFR-regulated Survivin
expression by dioscin. Dioscin inhibited EGFR binding to the Survivin promoter,
which induced apoptosis through suppressing Survivin expression.
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Expression of the survivin gene can be regulated
at the transcriptional level. Analysis of human
survivin promoter regions for potential transcription
factor binding sites revealed consensus sequences
including Stat3 [24], NF-xB [58], Rb [59], Sp1 [60], p53
[61], and Egrl [62], suggesting a possible involvement
of these factors in the control of the survivin gene
expression. In addition to being modulated at the
transcriptional level by various transcription factors
that bind and activate the survivin promoter, survivin
could be regulated on multiple levels, such as
translational and post-translational. For example, E3
ubiquitin ligase XIAP [63], CUL9 [64], FBXL7 [65], and
deubiquitinases STAMBPL1 [66], USP1 [67] and
USP19 [68] have been identified to modulate ubiqui-
tination of survivin. Moreover, survivin transcripts
can be influenced by microRNAs (miRs). For example,
miR-494 has been demonstrated to downregulate
survivin expression, inhibit cell proliferation and
colony formation in gastrointestinal stromal tumors
[69], and promote cell apoptosis in TEL-AML1*
leukemia [70]. Epigenetic regulation of survivin,
including methylation status of the survivin promoter
and histone modifications, may also contribute to
survivin regulation [71]. Future studies need to
explore whether these mechanisms contribute to the
elevated survivin protein in human OSCC.

Several small molecule inhibitors exert their
anti-cancer activity by decreasing survivin gene
expression. YM155 showed anti-cancer activity both
in vitro and in vivo by strongly inhibiting the survivin
promoter activity and survivin expression [72]. One
possible mechanism by which YM155 inhibits
survivin expression involves the abrogation of Spl

interacting with the Spl DNA-binding site at the
survivin promoter [73]. Small molecule FL118 is
another promising anti-cancer agent inhibiting
multiple cancer-associated survival and treatment-
resistant proteins, including survivin, Mcl-1, XIAP,
cIAP2, and MdmX [74]. SF002-96-1 inhibits Colo320
cell growth by inhibiting survivin mRNA and protein
expression. The underlying mechanism involves the
disruption of Stat3 or NF-xB binding of their DNA
sites at the survivin promoter by SF002-96-1 in
Colo320 cells [75]. WM-127 suppresses survivin
protein level and cell viability. Mechanistic studies
showed that WM-127 inhibited the activity of the
Survivin/p-catenin pathway and induced the
expression of Bax [76]. Our results showed that the
natural compound dioscin also decreased survivin
gene expression. However, more experiments need to
be performed to evaluate the anticancer activity of
dioscin both in vitro and in vivo.

The mechanisms of anti-apoptotic activity of
survivin have not been fully elucidated. Survivin
most probably interferes in the downstream steps of
the mitochondrial-apoptotic pathway, such as
blocking the activation of caspase 9 by antagonizing
apoptosome formation [77]. It may also inhibit
apoptotic effector caspase 3 directly [78]. Addition-
ally, survivin may suppress the activation of caspases
indirectly through its interaction with Smac/DIABLO
and subsequently antagonize the activity of
Smac/DIABLO, which acts as proapoptotic protein by
the participation in the formation of apoptosome and
activation of caspase 9 [79, 80]. Our results indicated
that dioscin-induced apoptosis of OSCC cells
accompanied with survivin downregulation and the
cleavage of procaspase 3 (Fig. 2A). Further studies
would be required to unravel the precise proapoptotic
mechanisms by which dioscin-downregulated survi-
vin induces the apoptosis of OSCC cells.

In summary, we demonstrated in this study that
dioscin inhibits survivin expression by interrupting
EGEFR binding to the ATRSs at the survivin promoter,
eventually promoting survivin-mediated cell apop-
tosis. Thus, targeting this oncoprotein for
downregulation might be a promising strategy for
OSCC therapy.
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