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ABSTRACT: Background. The b-nitrostyrene family possesses antican-
cer properties. In this study, b-nitrostyrene derivative CYT-Rx20 (30-
hydroxy-40-methoxy-b-methyl-b-nitrostyrene) was synthesized and
investigated its anticancer activity in oral cancer.
Methods. Anticancer activity of CYT-Rx20 and the underlying mecha-
nisms were analyzed using cell viability assay, reactive oxygen species
(ROS) generation assay, fluorescence-activated cell sorter analysis,
annexin V staining, comet assay, glutathione (GSH)/glutathione disulfide
(GSSG) ratio, immunoblotting, soft agar assay, nude mice xenograft
study, and immunohistochemistry.
Results. CYT-Rx20-induced cell apoptosis via ROS generation and mito-
chondrial membrane potential reduction, associated with release of
mitochondrial cytochrome C to cytosol and activation of downstream

caspases and poly ADP-ribose polymerase (PARP). Furthermore, CYT-
Rx20 induced mitochondrial ROS accumulation and mitochondrial dys-
function, followed by GSH downregulation. CYT-Rx20-induced cell apo-
ptosis, ROS generation, and DNA damage were reversed by thiol
antioxidants. In nude mice, CYT-Rx20 inhibited oral tumor growth
accompanied by increased expression of gH2AX, GSH reductase, and
cleaved-caspase-3.
Conclusion. CYT-Rx20 has the potential to be further developed into an
antioral cancer drug clinically. VC 2017 Wiley Periodicals, Inc. Head Neck
39: 1055–1064, 2017

KEY WORDS: b-Nitrostyrene, reactive oxygen species (ROS), gluta-
thione (GSH), oral cancer, apoptosis

INTRODUCTION
Oral squamous cell carcinoma (OSCC) accounts for 3%
of all newly diagnosed cancer cases and >90% of human
oral malignancies, and ranks as the 11th most common
cancer worldwide.1,2 Because of the high prevalence of
betel-quid chewing in Taiwan, OSCC is the fourth most
frequently occurring cancer and the fifth leading cause of
cancer death in Taiwanese men.3 Despite substantial

advances in OSCC treatments, including surgery, radio-
therapy, and chemotherapy, the prognosis for patients
with advanced OSCC remains poor.4 The 5-year survival
rate of early-stage (I and II) OSCC is approximately
80%, but that of advanced-stage (III and IV) OSCC is
only around 20%.4,5 This highlights the need for continu-
ous efforts to improve the treatment of patients with
OSCC.

Platinum-based adjuvant treatment is currently one of
the most commonly used chemotherapy regimens.6 How-
ever, its usefulness in OSCC could be constrained by the
emergence of treatment resistance and side effects.7

Therefore, it is crucial to develop novel effective chemo-
therapy drugs with low toxicity for patients with OSCC.

The compounds in the b-nitrostyrene family inhibit pro-
tein tyrosine phosphatases8 and exert diverse biological
functions, including antiplatelet and anticancer activities.9–11

b-nitrostyrene has been found to inhibit gastric cancer cell
proliferation and immune responses of macrophages,12 and
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its derivatives suppressed the tumor necrosis factor alpha/
nuclear factor-kappa B signaling in a retinoid X receptor a-
dependent manner to induce apoptosis in breast cancer
cells.13

CYT-Rx20 (30-hydroxy-40-methoxy-b-methyl-b-nitro-
styrene) has been found to impede platelet activity and
induce breast cancer cell death.11 In our previous work,
we showed that CYT-Rx20 induced apoptosis in breast
cancer cell death through reactive oxygen species (ROS)-
mediated methyl ethyl ketone-extracellular signal-regulated
kinase signaling.14 However, the chemotherapeutic conse-
quence of CYT-Rx20 on OSCC, to our knowledge, has not
been investigated. Therefore, the purpose of the current
study was to explore the potential anticancer activities of
CYT-Rx20 on OSCC and the underlying mechanisms.

MATERIALS AND METHODS

Reagents

CYT-Rx20 was synthesized, as previously described.15

Dulbecco modified Eagle’s medium, dichlorofluorescein
diacetate (DCFDA), and JC-1 were obtained from Invitro-
gen (Carlsbad, CA). Annexin V/PI apoptosis detection kit
was obtained from BD Biosciences (Franklin Lakes, NJ).
Fetal bovine serum, penicillin, streptomycin, and ampho-
tericin B were obtained from Biological Industries (Beit
Haemek, Israel). Propidium iodide, N-acetyl-L-cysteine
(NAC), glutathione (GSH), and 2-mercaptoethanol (2-
ME) were obtained from Sigma–Aldrich (St. Louis, MO).
Mitochondrial ROS levels were assessed using MitoSOX
Red (M36008; Invitrogen). Antibodies used in this study
included cleaved- poly ADP-ribose polymerase (PARP)
(#9541; Cell Signaling Technology, Danvers, MA),
cleaved-caspase-3 (#9661S; Cell Signaling Technology),
cleaved-caspase-7 (#9491; Cell Signaling Technology),
histone H2AX (GTX80694; Genetex, Irvine, CA), b-actin
(GTX110564; Genetex), and GSH reductase (GTX114199;
Genetex). Other reagents used in the current study were
indicated separately wherever suitable.

Cell culture

Human oral cancer cell lines (SAS, OCEM-1, and
HSC-3) were included in this study. Cells were grown in
Dulbecco modified Eagle’s medium supplemented with
10% fetal bovine serum, 100 U/mL penicillin, 100 lg/mL
streptomycin, and 2.5 lg/mL amphotericin B at 378C in a
5% CO2 incubator.

XTT cell viability assay

Cells from 3 human oral cancer cell lines (SAS,
OCEM-1, and HSC-3) were seeded at 4 3 103 cells/well
in 96-well plates and allowed to attach overnight. After
treatment with CYT-Rx20 or cisplatin (CDDP) at various
concentrations for 24 hours, cell viability was assessed by
the XTT assay, according to a previous study.16

Immunoblotting analysis

The levels of caspase-associated proteins (caspase-3,
caspase-7, and caspase-9), cleaved-PARP, and gH2AX
were analyzed by immunoblotting after treatment of cells

with CYT-Rx20 for 24 hours with the detailed procedures
described in a previous report.17

Flow cytometry

Intracellular ROS content of human oral cancer cells
was measured using H2DCFDA fluorescent dye and deter-
mined by flow cytometry with the detailed procedures
described in a previous report.18

Alkaline comet assay for detection of DNA single-strand
breaks and double-strand breaks

Cells from 3 human oral cancer cell lines (SAS,
OCEM-1, and HSC-3), after pretreatment with 5 mM
NAC for 1 hour and cotreatment with 5 mM NAC and 1
lg/mL CYT-Rx20 for 24 hours, were combined with 1%
low melting point agarose at a ratio of 1:10 (v/v). Of the
mixture, 75 ll was immediately pipetted onto Comet
Slide (Trevigen; Gaithersburg, MD) at 48C and kept in
the dark for 10 minutes. The slides were then immersed
in prepared cold lysis solution (Trevigen) for 60 minutes.
Subsequently, the slides were drained and placed in a hor-
izontal gel electrophoresis apparatus containing freshly
prepared alkaline buffer (300 mM NaOH, 1 mM EDTA,
and pH >13) at 20 V for 30 minutes, and stained with
2.5 lg/mL PI (Sigma–Aldrich) for 15 minutes. The mean
tail moment was analyzed by CometScore software
(TriTek; Sumerduck, VA).

Detection of mitochondrial reactive oxygen species and
mitochondrial membrane potential

The levels of mitochondrial ROS and loss of mitochon-
drial membrane potential were determined by flow
cytometry using MitoSOX Red and JC-1, respectively.
Similar procedures were described in a previous study.18

Cells from 3 human oral cancer cell lines (SAS, OCEM-
1, and HSC-3) were treated with 200 lM H2O2 for 2
hours and mitochondrial O2

2 production was then mea-
sured by flow cytometry using the mitochondria-targeting
O2

2 probe MitoSOX Red. JC-1 disaggregation represent-
ing the loss of mitochondrial membrane potential was
determined after CYT-Rx20 treatment for 4 hours. Mean
fluorescence intensity was determined by CellQuest soft-
ware (BD Biosciences).

Mitochondrial isolation

Oral cancer cells, grown in 15-cm dishes and 4 hours
after CYT-Rx20 treatment, were collected by trypsiniza-
tion. Mitochondrial and cytosolic fractions from 2 3 107

cells per sample were isolated using the mitochondria iso-
lation kit, in accord with the manufacturer’s protocol
(89874; Pierce, Rockford, IL) for determination of cyto-
chrome C distribution.

Glutathione/glutathione disulfide assay

GSH/glutathione disulfide (GSSG) assay was applied to
analyze the ratio of GSH to GSSG in the oral cancer cells
lines (SAS, OCEM-1, and HSC-3). Cells were processed
according to the instructions of the GSH and GSSG
Assay Kit (K261-100; BioVision, Mountain View, CA),
and GSH and GSSG levels were determined at Ex/Em
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340/420 nm using a fluorescence microplate reader
(FL3800; Biotek Instruments, Winooski, VT).

Anchorage-independent soft agar assay

Cells from 3 human oral cancer cell lines (SAS,
OCEM-1, and HSC-3) were seeded at 1000 cells/well
with 0.25% agar in 48-well plates, followed by treatment
with CYT-Rx20 at the indicated concentrations for 24
hours. Cells were grown for 30 days and then stained
with 0.5% crystal violet. Cell culture medium was
changed every 2 to 3 days during the incubation period.

Ex vivo tumor xenograft study

The animal studies were approved by the Institutional
Animal Care and Use Committee (no. 102009) of Kaoh-
siung Medical University, Taiwan. Animal experiments
were approved by the Laboratory Animal Ethics Commit-
tee of the Kaohsiung Medical University and were con-
ducted in accordance with the Animal Research:
Reporting In Vivo Experiments guidelines. Six-week-old
male immune-deficient BALB/cAnN.Cg-Foxn1nu/CrlNarl
mice from the National Laboratory Animal Center of Tai-
wan were subcutaneously injected with 3 3 106 SAS
cells into both flanks. When the tumors grew to visible
size (approximately an average diameter of 3 mm), the
mice were intraperitoneally injected 3 times a week with
100 lL normal saline-dissolved CYT-Rx20 at 1.0 lg/g
body weight or at 5.0 lg/g body weight, whereas the con-
trol mice were injected with normal saline alone. Tumor
volumes were calculated using the formula width2 3
length/2. Tumor weights were measured when the mice
were euthanized at the end of the experimental period.

Immunohistochemistry and hematoxylin-eosin staining

Immunohistochemical staining for gH2AX, cleaved
caspases-3, and GSH reductase were performed using the
fully automated Bond-Max system and in accord with the
manufacturer’s instructions (Leica Microsystems, Wetzlar,
Germany). For quantification, the staining of gH2AX,
cleaved caspases-3, and GSH reductase was calculated
using the histochemical score, the product of percentage
of stained cells, and intensity of staining.19 Besides, the
tissues from various organs of mice were stained with
hematoxylin-eosin.

Statistical analysis

Quantitative data were recorded as mean 6 SD or
mean 6 SEM from 3 independent experiments. Differ-
ences between treatment groups were calculated by 1-way
analyses of variance and post hoc Tukey’s test for multi-
ple comparisons. A p value < .05 was considered statisti-
cally significant.

RESULTS

CYT-Rx20 inhibited oral cancer cell viability through
induction of apoptosis

To study the antioral cancer activity of CYT-Rx20, the
cytotoxicity of CYT-Rx20 (Figure 1A) on 3 human oral
cancer cell lines (SAS, OECM-1, and HSC-3) was ana-
lyzed. The concentration of half inhibition of CYT-Rx20

on the 3 oral cancer cell lines was 0.92 6 0.03, 1.15 6

0.03, and 1.41 6 0.05 lg/mL, respectively. Notably,
CYT-Rx20 had more potent cytotoxic activity than cis-
platin in all 3 of the oral cancer cell lines that we exam-
ined (Figure 1B). CYT-Rx20 treatment increased the
levels of cleaved caspases-9, 3, 7, cleaved PARP, and g-
H2AX (Figure 1C) in oral cancer cell lines, implying that
caspase activation was involved in CYT-Rx20-induced
oral cancer cell death. The CYT-Rx20-induced apoptotic
cell death was further confirmed by Annexin V/PI stain-
ing results, which showed increased annexin V-positive
cells after CYT-Rx20 treatment for 24 and 48 hours
(Figure 1D).

Involvement of reactive oxygen species-mediated
pathways in CYT-Rx20-induced cytotoxicity in oral
cancer cells

ROS are crucial for signal transduction in response to
environmental stress.20–22 The ROS levels in oral cancer
cells, determined by flow cytometry using the H2DCFDA
florescent dye, were increased after CYT-Rx20 treatment
(Figure 2A). Notably, the CYT-Rx20-induced ROS pro-
duction was reversed by cotreatment with NAC, an ROS
scavenger (Figure 2B). In addition, the CYT-Rx20-
induced cell death was rescued in the presence of NAC
(Figure 2C). The involvement of ROS in CYT-Rx20-
reduced DNA damage was further determined, and the
results showed that NAC significantly suppressed DNA
double-strand breaks (Figure 2D) induced by CYT-Rx20
treatment in oral cancer cells.

CYT-Rx20-induced reactive oxygen species production-
impaired mitochondrial function in oral cancer cells

Mitochondrial dysfunction, including aberrant ROS pro-
duction and membrane potential, has been considered as a
critical mechanism for apoptotic cell death.23,24 In this
study, MitoSOX Red and JC-1 fluorescent probes were
used to evaluate mitochondrial ROS production and mem-
brane potential. Our data revealed that CYT-Rx20 treatment
significantly enhanced mitochondrial ROS production,
accompanied by loss of mitochondrial membrane potential
(DWm), as determined by JC-1 disaggregation (Figure 3A
and 3B). We also examined the release of cytochrome C
from mitochondria to cytosol by immunoblotting analysis,
which showed that the cytosolic cytochrome C contents in
oral cancer cells increased significantly after treatment with
CYT-Rx20 for 4 hours (Figure 3C).

Reactive oxygen species-associated oral cancer cell
death upon CYT-Rx20 treatment was rescued by thiol
antioxidants

Because NAC was able to rescue oral cancer cell death
induced by CYT-Rx20, we tested whether two other thiol
antioxidants, GSH and 2-ME, had similar activity.25,26

Our results showed that CYT-Rx20-induced cytotoxicity
was rescued in the presence of either GSH or 2-ME
(Figure 4A). Furthermore, CYT-Rx20-induced
ROS production was also reversed by GSH or 2-ME
(Figure 4B).

CYT-RX20 INHIBITION OF ORAL CANCER CELLS
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FIGURE 1. Cytotoxic effect of CYT-Rx20 on oral cancer cells. (A) Chemical structure of CYT-Rx20. (B) Effects of CYT-Rx20 and cisplatin (CDDP) on
SAS, OECM-1, and HSC-3 cell viability. SAS, OECM-1, and HSC-3 cells were treated with various concentrations of CYT-Rx20 or CDDP for 24 hours
and then cell viability was assessed by the XTT colorimetric assay. (C) The expression of apoptosis-related proteins in oral cancer cells treated
with CYT-Rx20 for 24 hours were analyzed by immunoblotting. The expression of b-actin was used as the internal control. The results were repre-
sentative of 3 separate experiments. (D) Oral cancer cell death after CYT-RX20 (1 lg/mL) treatment for 24 hours was determined using Annexin V/
PI staining followed by flow cytometric analysis. The data were presented as mean 6 SD. *p < .05; **p < .01; ***p < .001compared with the indi-
cated group by 1-way analysis of variance. IC50, concentration of half inhibition; PARP, poly ADP-ribose polymerase. [Color figure can be viewed at
wileyonlinelibrary.com]
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GSH deficiency leads to an increased susceptibility to
oxidative stress and may, therefore, contribute to the pro-
gression of many disease states.27–29 In this study, we
examined whether CYT-Rx20 altered intracellular GSH
levels. Our data indicated that CYT-Rx20-treated oral

cancer cells not only showed reduced intracellular GSH
levels but also showed a dose-dependent decrease of the
GSH/GSSG ratio (Figure 4C).

GSH reductase is responsible for maintaining the sup-
ply of reduced GSH.30 In this study, the effect of CYT-

FIGURE 2. Effect of reactive oxygen species (ROS) inhibitor N-acetyl-L-cysteine (NAC) on CYT-Rx20-induced ROS generation and DNA damage in
oral cancer cells. (A) Cells were treated with CYT-Rx20 for 1 hour and ROS level was determined using H2 dichlorofluorescein diacetate (DCFDA)
fluorescent dye and analyzed by flow cytometry. (B) Cells were treated with NAC (5 mM) and/or CYT-Rx20 (1 lg/mL) for 1 hour, followed by detec-
tion of ROS using H2DCFDA by flow cytometry. (C) Cells were treated with NAC (5 mM) and/or CYT-Rx20 (1 lg/mL) for 24 hours and cell viability
was analyzed by XTT assay. (D) Cells were pretreated with NAC (5 mM) for 1 hour, followed by CYT-Rx20 (1 lg/mL) treatment for 24 hours before
determination of DNA damage by neutral comet assay. The data were presented as mean 6 SD or mean 6 SEM. *p < .05; **p < .01; ***p < .001,
and #p < .05; ##p < .01; ###p < .001 compared with the indicated group by 1-way analysis of variance. [Color figure can be viewed at wileyonline-
library.com]
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FIGURE 3. Effect of CYT-Rx20 on mitochondrial dysfunction in oral cancer cells. (A) Cells were treated with the indicated concentrations of CYT-
Rx20 for 2 hours and mitochondrial O2

2 production was measured using the mitochondria-targeting O2
2 probe MitoSOX Red by flow cytometry.

(B) Representative images of flow cytometry analysis showing changes in mitochondrial membrane potential. Cells were treated with the indicated
concentrations of CYT-RX20 for 4 hours and analyzed by flow cytometry. The green emission was analyzed in fluorescent channel 1 (FL 1; JC-1
green fluorescence) and the red emission in channel 2 (FL 2, JC-1 red fluorescence). (C) The expression levels of cytochrome C in the cytosolic
fractions of oral cancer cell lines were analyzed by immunoblotting after CYT-Rx20 (1 ug/mL) treatment. The expression of b-actin was used as the
internal control. The data were presented as mean 6 SD. *p < .05; **p < .01; ***p < .001 compared with the indicated group by 1-way analysis of
variance. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4. Effect of CYT-Rx20
on glutathione (GSH) level in
oral cancer cells. (A) Cells were
pretreated with GSH (1 mM) or
2-mercaptoethanol (2-ME; 100
lM) for 1 hour, followed by
CYT-Rx20 (1.5 lg/mL) treat-
ment for 24 hours before XTT
assay. (B) Cells were treated
with GSH (1 mM) or 2-ME (100
lM) and/or CYT-Rx20 (1 lg/
mL) for 1 hour and reactive
oxygen species (ROS) level was
determined by flow cytometry.
(C) Oral cancer cells were incu-
bated with the indicated con-
centrations of CYT-Rx20 for 2
hours and then cellular GSH lev-
els and GSH/glutathione disulfide
(GSSG) ratios were determined.
(D) The expression levels of GSH
reductase in oral cancer cells
were analyzed by immunoblot-
ting after CYT-Rx20 treatment
for 2 hours. The expression of b-
actin was used as the internal
control. The data were presented
as mean 6 SD. *p < .05; **p <
.01; ***p < .001; and #p < .05;
##p < .01; ###p < .001 compared
with the indicated group by 1-
way analysis of variance. DCFDA,
dichlorofluorescein diacetate.
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Rx20 on the protein expression of GSH reductase was
examined. We found that CYT-Rx20 treatment decreased
GSH reductase levels in oral cancer cells in a dose-
dependent manner (Figure 4D).

CYT-Rx20 inhibited xenografted tumor growth in mice

The inhibitory effect of CYT-Rx20 on in vitro
anchorage-independent growth of oral cancer cells was

evaluated by soft agar assay. The results showed that
CYT-Rx20 inhibited significantly the anchorage-
independent growth of oral cancer cells (Figure 5A), and
the CYT-Rx20-induced growth inhibition was rescued by
NAC (Figure 5B). To further explore the anticancer activ-
ity of CYT-Rx20 in vivo, a nude mice xenograft tumor
growth model was used. As shown in Figure 5C and 5D,
CYT-Rx20 significantly suppressed xenografted tumor
growth. After CYT-Rx20 treatment for 3 weeks, the

FIGURE 5. Effect of CYT-Rx20 on
oral cancer tumorigenesis in
vitro and in vivo. (A) Cells were
treated with CYT-Rx20 (1 lg/mL)
for 24 hours, followed by evalua-
tion of anchorage-independent
colony formation using soft agar
assay as described in the Materi-
als and Methods section. (B)
Cells were treated with N-acetyl-
L-cysteine (NAC; 5 mM) and/or
CYT-Rx20 (1 lg/mL) for 24
hours, followed by evaluation of
anchorage-independent colony
formation using soft agar assay.
(C) Male nude mice subcutane-
ously xenografted with SAS cells
were intraperitoneally treated
with normal saline (control), 1
lg/g body weight of CYT-Rx20,
or 5 lg/g body weight of CYT-
Rx20 3 times per week (n 5 10
for each group). Tumor volume
was measured every 3 days
according to the formula width2

3 length/2. (D) Tumor weight
was measured when mice were
euthanized at the end of the 3-
week treatment period. The
expression of cH2AX (E) cleaved
caspases-3 (F), and glutathione
(GSH) reductase (G) in xeno-
grafted tumor tissues were ana-
lyzed by immunohistochemistry.
(H) Hematoxylin-eosin staining of
tissues from mice organs. The
representative photographs are
shown ((original magnification
3200). The data were presented
as mean 6 SD. *p < .05; **p <
.01; ***p < .001; and #p < .05;
##p < .01; ###p < .001 compared
with the indicated group by 1-
way analysis of variance. [Color
figure can be viewed at wileyon-
linelibrary.com]
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average tumor volumes for the control, CYT-Rx20 (1.0
lg/g body weight), and CYT-Rx20 (5.0 lg/g body
weight) groups were 855.43 6 217.49, 674.43 6 98.41,
and 372.27 6 145.56 mm3, respectively (Figure 5C),
whereas the average tumor weights at euthanasia were
0.72 6 0.11, 0.56 6 0.08, and 0.31 6 0.14 g, respective-
ly (Figure 5D). Furthermore, the expressions of gH2AX
(Figure 5E), GSH reductase (Figure 5F), and cleaved
caspases-3 (Figure 5G) in xenografted tumors were
increased in mice treated with CYT-Rx20, consistent with
our in vitro observation. No significant differences were
observed in the body weight (Appendix Figure S3, online
only), blood biochemical parameters (Appendix Table S1,
online only), and histology of the oral epithelium, heart,
liver, spleen, lungs, and kidneys between CYT-Rx20-
treated mice and control mice (Figure 5H).

DISCUSSION
In the current study, we demonstrated, we believe for

the first time, that CYT-Rx20, a synthetic derivative of
b-nitrostyrene, significantly reduced cell viability and
induced apoptotic cell death in oral cancer cells, and it
exhibited a higher potency against oral cancer cells than
the clinically used chemotherapeutic agent CDDP. CYT-
Rx20 also decreased oral tumor growth in an in vivo
mouse xenograft model. These results provide in vitro
and in vivo evidence for the antineoplastic activity of
CYT-Rx20 in oral cancer.

ROS are produced as a normal product of cellular
metabolism. Various environmental stresses lead to exces-
sive production of ROS, causing progressive oxidative
damage and ultimately cell death. Under the conditions of
environmental stress, ROS can be overproduced and then
interfere with the stability of mitochondrial membrane
potential, leading to an excessive amount of
mitochondria-mediated release of ROS, which further pro-
motes cell death.31 Previous studies suggested that CDDP
not only induced DNA damage but also induced ROS
production, which triggers cell death.32 In the present
study, we provided evidence that ROS was critically
involved in the anticancer effects of CYT-Rx20 on oral
cancer cells. Furthermore, ROS can be generated through
uncontrolled electron delivery or deficiency in ROS scav-
engers, such as GSH, a major intracellular antioxidant
known to be involved in ROS elimination.33,34 In this
study, we found that the CYT-Rx20-induced cytotoxicity
in oral cancer cells was significantly restored by thiol
antioxidants, such as NAC, GSH, and b-mercaptoethanol,
suggesting that the anticancer activities of CYT-Rx20
may result from the imbalance of thiol redox status.

GSH reductase is an essential enzyme that recycles oxi-
dized GSH back to the reduced form and the reduced
form of GSH can scavenge reactive oxygen and nitrogen
species, thereby contributing to the control of redox
homeostasis.30 The results from the current study showed
a significant decrease of GSH levels and GSH/GSSG
ratios in oral cancer cells after CYT-Rx20 treatment. The
levels of GSH reductase were also noted to be decreased
in oral cancer cells treated with CYT-Rx20. Taken
together, our study suggested that the failure of the anti-
oxidant system to neutralize ROS may contribute to

excessive ROS accumulation and ultimately leads to cell
death.

Induction of apoptosis is recognized as a major antican-
cer mechanism for many chemotherapeutic agents, includ-
ing the currently studied CYT-Rx20.10 Previous studies
reported that the caspase family mediated apoptotic pro-
grammed cell death in oral cancer.35,36 Caspase-9 is acti-
vated very early in the apoptotic cascade by cytochrome
C, which is released from the mitochondria in response to
apoptotic stimuli, and then downstream caspases, such as
caspase-3, are activated leading to the cleavage of key
cellular proteins, such as PARP. In this study, treatment
of oral cancer cells with CYT-Rx20 resulted in the activa-
tion of caspase-9, caspase-3, caspase-7, and the cleavage
of PARP, in agreement with the aforementioned reports.

Previous studies have also reported that mitochondrial
dysfunction may cause the collapse of mitochondria
membrane potential and result in mitochondrial perme-
ability transition pore opening, leading to the release of
cytochrome C from mitochondria into cytosol.24 In this
study, mitochondrially located ROS was detected rapidly
after CYT-Rx20 treatment. In addition, a rapid increase
in mitochondrial transmembrane potential (DWm) was
detected and led to the release of cytochrome C from the
mitochondria and the activation of caspases in oral cancer
cells. Collectively, our data demonstrated that mitochondria-
regulated apoptosis was involved in CYT-Rx20-induced
oral cancer cell death.

The anticancer activity of CYT-Rx20 was also evaluat-
ed in vivo in our study. We found that CYT-Rx20 sup-
pressed xenografted oral tumor growth associated with
the increased expression of g-H2AX, cleaved PARP, and
cleaved-caspases-3 in tumor tissues. There were no obvi-
ous abnormal histological changes in major organs of
nude mice (especially oral epithelium), and no impair-
ment in hematopoiesis, renal, or liver function (Appendix
Table S1, online only), rendering CYT-Rx20 a potential
antioral cancer agent with low toxicity. On the other
hand, CYT-Rx20 treatment of oral cancer cells inhibited
cell migration and invasion in a dose-dependent manner
(Appendix Figure S2, online only), suggesting that CYT-
Rx20 inhibited not only the proliferation but also the
metastasis of oral cancer cells.

In conclusion, the present study demonstrated that the
synthetic b-nitrostyrene derivative CYT-Rx20 induced apo-
ptosis in oral cancer cells through GSH downregulation
and ROS induction with the detailed molecular mecha-
nisms illustrated in Appendix Figure S4, online only. Our
findings indicate that CYT-Rx20 may be developed as a
potential chemotherapeutic agent for oral cancer. Further
preclinical and clinical studies are required to confirm its
therapeutic potential for oral cancer.
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