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Objective: The A-nitrostyrene family has been reported to possess anticancer properties.
However, the anticancer activity of A-nitrostyrenes on cervical cancer cells and the un-
derlying mechanisms involved remain unexplored. In this study, a A-nitrostyrene derivative
CYT-Rx20 (3¶-hydroxy-4¶-methoxy-A-methyl-A-nitrostyrene) was synthesized, and its an-
ticancer activity on cervical cancer cells and the mechanisms involved were investigated.
Methods: The effect of CYT-Rx20 on human cervical cancer cell growth was evaluated
using cell viability assay. Reactive oxygen species (ROS) generation and annexin V staining
were detected by flow cytometry. The protein expression levels of cleaved caspase-3,
cleaved caspase-9, cleaved poly (ADPribose) polymerase, FH2AX, A-catenin, Vimentin,
and Twist were measured by Western blotting. DNA double-strand breaks were determined
by F-H2AX foci formation and neutral comet assay. Migration assay was used to determine
cancer cell migration. Nude mice xenograft was used to investigate the antitumor effects of
CYT-Rx20 in vivo.
Results: CYT-Rx20 induced cytotoxicity in cervical cancer cells by promoting cell apoptosis
via ROS generation and DNA damage. CYT-Rx20-induced cell apoptosis, ROS generation,
and DNA damage were reversed by thiol antioxidants. In addition, CYT-Rx20 inhibited
cervical cancer cell migration by regulating the expression of epithelial-to-mesenchymal
transition markers. In nude mice, CYT-Rx20 inhibited cervical tumor growth accompanied
by increased expression of DNA damage marker FH2AX and decreased expression of
mesenchymal markers A-catenin and Twist.
Conclusions: CYT-Rx20 inhibits cervical cancer cells in vitro and in vivo and has the
potential to be further developed into an anti-cervical cancer drug clinically.
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Cervical carcinoma is the second most common gyneco-
logical cancer worldwide, following breast cancer.1 In

developing countries, the incidence of cervical cancer remains
high and is a major cause of death in women.2 Whereas the
standard therapies for invasive cervical cancer include radical
surgery and radiotherapy, chemotherapy is often required as
adjuvant therapy.3 It is well known that platinum-based che-
motherapy regimens are effective alone or in combination with
radiotherapy for cervical cancer patients.4 However, intoler-
ance, metastasis, and recurrence are common problems for
platinum-based chemotherapy,5 and therefore, development of
effective and novel chemotherapeutics with less severe adverse
effects is required.

A-Nitrostyrene family compounds inhibit protein tyrosine
phosphatases6 and exert diverse biological functions including
antiplatelet, anti-inflammatory, and anticancer activities.7Y9 3,4-
Methylenedioxy-A-nitrostyrene exhibits inhibitory effects on
ATPase and NLRP3 inflammasome activation.10 It also reduces
A1 integrin activation and clustering, resulting in decreased cell
adhesion in triple negative breast cancer cells.7 In addition,
A-nitrostyrene inhibits gastric cancer cell proliferation,11

and its derivatives suppress TNF>/NFJB signaling in a retinoid
X receptor >Ydependent manner to induce breast cancer
cell apoptosis.12

Our previous work showed that 3¶-hydroxy-4¶-methoxy-
A-methyl-A-nitrostyrene (CYT-Rx20)-induced apoptosis in
breast cancer cells through reactive oxygen species (ROS)-
mediated MEK-ERK signaling.13 However, to our knowledge,
the biologic activities of CYT-Rx20 on cervical cancer cells
have not been investigated. Therefore, the current study aimed
to explore the anticancer activity of CYT-Rx20 on cervical
cancer cells and the underlying mechanisms involved.

MATERIALS AND METHODS

Reagents
CYT-Rx20 was synthesized as previously described.14

Dulbecco modified eagle medium (DMEM) and dihydro-
dichlorofluorescein diacetate (DCFDA) were obtained from
Invitrogen (Carlsbad, Calif ). Annexin V/PI apoptosis de-
tection kit was obtained from BD Biosciences (Franklin
Lakes, NJ). Fetal bovine serum, penicillin, streptomycin, and
amphotericin B were obtained from Biological Industries
(Beit Haemek, Israel). 4,6-Diamidino-2-phenylindole (DAPI),
propidium iodide (PI), and N-acetyl-L-cysteine (NAC) were
obtained from Sigma-Aldrich (St Louis, Mo). Antibodies
used in this study included cleaved poly (ADPribose) poly-
merase (PARP) (Cell Signaling Technology, no 9541),
cleaved caspase-3 (Cell Signaling Technology, no 9661S),

cleaved caspase-9 (Cell Signaling Technology, no 9501),
HistoneH2AX(GTX80694,Genetex),Vimentin (GTx100619,
Genetex), Twist (orb13736, Biorbyt), A-catenin (ab16051,
Abcam), and A-actin (GTX110564, Genetex). Other reagents
employed in the current study were indicated separately
wherever suitable.

Cell Culture
The human cervical cancer cell lines SiHa, CaSki, and

HeLa were included in this study. Cells were grown in DMEM
supplemented with 10% fetal bovine serum, 100 U/mL peni-
cillin, 100Kg/mLstreptomycin, and2.5Kg/mLamphotericinB
at 37-C in a 5% CO2 incubator.

XTT Cell Viability Assay
Three human cervical cancer cell lines, SiHa, CaSki,

and HeLa, were seeded at a density of 4� 103 cells/well in 96-
well plates and allowed to attach overnight. After treatment
with CYT-Rx20 or cisplatin (CDDP) at various concentra-
tions for 24 hours, cell viability was assessed according to a
previous report.15

Flow Cytometry
Intracellular ROS content of human cervical cancer

cells was measured using H2DCFDA fluorescent dye and
determined by flow cytometry with the detailed procedures
described in a previous report.16

Neutral Comet Assay for Detection of DNA
Double-Strand Breaks

To detect double-strand breaks (DSBs), the neutral
comet assay was performed with a commercial kit according
to our previous study.17 After 24 hours of plating, human
cervical cancer cell lines SiHa, CaSki, and HeLa were treated
with CYT-Rx20 at the indicated concentrations for 24 hours
and combined with 1% low melting point agarose at a ratio of
1:10 (v/v). Seventy-five microliters of the mixture was im-
mediately pipetted onto Comet Slide (Trevigen; Gaithersburg,
Md) at 4-C 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 horizontal gel electrophoresis apparatus containing
freshly prepared neutral buffer (90mMTrisYHCl, 90mMboric
acid, and 2 mM EDTA, pH 8.0 at 20 V) for 30 minutes and
stainedwith 2.5Kg/mLPI (Sigma-Aldrich) for 15minutes. The
mean tail moment was analyzed by CometScore software
(TriTek; Sumerduck, Va).
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Immunostaining of FH2AX Foci
Cellswere seeded at 1� 104 cells/well in 8-well chamber

slides (Lab-Tek II) and incubated for 24 hours before treatment.
After CYT-Rx20 treatment alone or pretreatment with NAC
followed byCYT-Rx20, the cells were fixed immediately in 4%
paraformaldehyde. Antibody incubations were performed at
room temperature, and cells were counterstained with DAPI.
Images were captured with a Nikon Eclipse Ti-S inverted re-
searchmicroscope (Japan) with excitation at 465 to 495 nm and
515 to 555 nm emission filter.

Immunoblotting Analysis
The levels of caspase-associated proteins caspase-3 and

caspase-9, cleaved PARP, FH2AX, A-catenin, Vimentin, and
Twist were analyzed by immunoblotting after CYT-Rx20
treatment for 24 hours with the detailed procedures described
in a previous report.18

Annexin V/PI Analysis
Cell apoptosis was assessed by labeling cells with

annexin V-fluorescein isothiocyante (FITC) and PI from BD
Biosciences (Franklin Lakes, NJ), and the detailed procedures
were performed according to the manufacturer’s instructions.
After CYT-Rx20 treatment, the cellswere collected andwashed
twice with cold phosphate-buffered saline and then adjusted
to 5� 105 cells/500 KL in binding buffer containing annexin
V-FITC (1 Kg/mL) and PI before analysis by flow cytometry
(FC 500 MCL, Beckman Coulter, Brea, Calif ).

Anoikis Assay
Cells from 3 human cervical cancer cell lines, SiHa,

CaSki, and HeLa, were treated with CYT-Rx20 for 24 hours.
Cells (1 � 104) were resuspended in DMEM with 10% fetal
bovine serum (FBS) onto ultralow attachment 24-well plates
(Corning, NY). After 48-hour incubation at 37-C, cell via-
bility was determined by staining with trypan blue (Sigma) in
phosphate-buffered saline (ratio of 1:1) and examined under a
Nikon Eclipse TS100 microscope (Tokyo, Japan).

Transwell Migration Assay
Cell migration was determined by a modified Boyden

chamber assay. Cells (5 � 104 cells/well) suspended in me-
dium containing 2% FBSwere placed in the upper chamber of
transwells (pore size, 8 Km; 24-well, Corning Life Sciences,
Corning, NY), and medium with 10% FBS was added to the
lower chamber. Twenty-four hours after incubation, unmigrated
cells were removed from the upper surface of the membrane,
whereas migrated cells were fixed to the underside of the
membrane and stained with 0.5 g/L crystal violet (Sigma-Aldrich,
St Louis,Mo). The number ofmigrating cellswas counted under a
microscope at�100magnification.Four visual fieldswere chosen
randomly, and the average area of migrated cells in the 4 fields
was calculated for each group.

Anchorage-Independent Soft Agar Assay
Cells from 3 human cervical cancer cell lines, SiHa,

CaSki, andHeLa,were embedded in 0.25% agarose at a density
of 1000 cells/well in 48-well plates, followed by treatment with
CYT-Rx20 for 24 hours. Cells were grown for 30 days, and the

culture medium was replenished every 2 to 3 days. Colonies
were stained with 0.5% crystal violet and counted using a
dissecting microscope (Nikon, Tokyo, Japan).

Ex Vivo Tumor Xenograft Study
Six-week-old female immune-deficient BALB/cAnN.Cg-

Foxn1nu/CrlNarl mice from National Laboratory Animal Center
of Taiwanwere subcutaneously injectedwith 3� 106CaSki cells
in both flanks. When the tumors became visible (approximately
an average diameter of 3 mm), the mice were intraperitoneally
injected 3 times a week with CYT-Rx20 in 0.1% dimethyl
sulfoxide (DMSO)at 10.0Kg/gbodyweight,whereas the control
mice were intraperitoneally injected with 0.1% DMSO in
normal saline alone. Tumor volumes were calculated using the
formula (width2 � length)/2. Tumor weights were measured
when the mice were sacrificed at the end of the experimental
period. The animal studies were approved by the Institutional
Animal Care and Use Committee (IACUC no 102009) of
Kaohsiung Medical University, Taiwan. Animal experiments
were approved by the Laboratory Animal Ethics Committee of
the Kaohsiung Medical University and were conducted in
accordance with the Animal Research: Reporting In Vivo
Experiments (ARRIVE) guidelines.

Immunohistochemistry and Hematoxylin
and Eosin Staining

Immunohistochemical staining for DNA damage marker
FH2AX, apoptosis-associated marker cleaved caspases-3, and
2 mesenchymal markers A-catenin and Twist was performed
using the fully automated Bond-Max system according to the
manufacturer’s instructions (Leica Microsystems, Wetzlar,
Germany). For quantification, the scores of FH2AX, cleaved
caspases-3, A-catenin, and Twist were evaluated. The percent-
age of positive-stained tumor cells was determined semiquan-
titatively by assessing the tumor section, and each sample was
then assigned to one of the following categories: 0 (0%Y4%), 1
(5%Y24%), 2 (25%Y49%), 3 (50%Y74%), or 4 (75%Y100%).19

Additionally, the intensity of immunostaining was determined
as 0 (negative), 1 (weak), 2 (moderate), or 3 (strong) for antigens
with nuclear localization. The total score is calculated as the
percentage of positively stained cellsmultiplied by theweighted
intensity of staining for each sample. In addition, the tissues from
various organs ofmicewere stained with hematoxylin and eosin.

Statistical Analysis
Quantitative datawere presented asmean T SD ormean T

SEM from 3 independent experiments. Differences between
treatment groups were calculated by 1-way analysis of
variance (ANOVA) with post hoc Tukey test for multiple
comparisons. A P value less than 0.05 was considered
statistically significant.

RESULTS

The effect of CYT-Rx20 on Cell Viability in
Cervical Cancer Cells

Six A-nitrostyrene derivatives (Fig. 1A and Suppl. Fig. 1,
http://links.lww.com/IGC/A504, Chemical structures of the
A-nitrostyrene derivatives CYT-Rx20, CYT-Rx21, CYT-Rx44,
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FIGURE 1. Effects of ROS inhibitor NAC on CYT-Rx20-induced ROS generation and DNA damage in cervical cancer
cells. A, Chemical structure of CYT-Rx20. B, Cells were treated with CYT-Rx20 for 1 hour, and ROS level was
determined by staining with H2DCFDA fluorescent dye followed by flow cytometric analysis. C, Cells were treated
with various concentrations of CYT-Rx20 for 24 hours before the determination of DNA damage by neutral comet
assay. D, After treatment with the indicated concentrations of CYT-Rx20 for 24 hours, cells were fixed and incubated
with antibodies against F-H2AX, followed by secondary antibodies conjugated with the fluorochrome FITC. Nuclei
were stained with DAPI. After immunostaining, the effect of CYT-Rx20 on induction of F-H2AX focus formation in
cervical cancer cells was analyzed using fluorescence microscopy. E, Cells were treated with NAC (5 mM) and/or
CYT-Rx20 (2 Kg/mL) for 1 hour, followed by detection of ROS accumulation by H2DCFDA. F, Cells were pretreated
with NAC (5 mM) for 1 hour, followed by CYT-Rx20 (1 Kg/mL) treatment for 24 hours before determination of DNA
damage by neutral comet assay. G, Cells were pretreated with NAC (5 mM) for 1 hour, followed by CYT-Rx20
treatment for 24 hours, and the effect of CYT-Rx20 on induction of F-H2AX focus formation in cervical cancer cells
was evaluated by fluorescence microscopy (original magnification �1000). *P G 0.05, **P G0.01, and ***P G0.001,
compared with the indicated group by 1-way ANOVA.
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CYT-Rx45, CYT-Rx46, and CYT-Rx47.) were synthesized
according to a previous report,9 and their cytotoxic effects
on human cervical cancer cells were analyzed by 2,3-bis-(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilid

(XTT) assay (Table 1). Notably, CYT-Rx20 exhibited the most
potent cytotoxic effect against cervical cancer cells (Fig. 1Aand
Table 1). To study the anti-cervical cancer activity of CYT-
Rx20, the cytotoxicity of CYT-Rx20 on human cervical

FIGURE 1. (Continued).

TABLE 1. Cytotoxicity* of CYT-Rx20, CYT-Rx21, CYT-Rx44, CYT-Rx45, CYT-Rx46, and CYT-Rx47 on human cervical
cancer cell line HeLa

IC50, Kg/mL†

Cell lines CYT-Rx20 CYT-Rx21 CYT-Rx44 CYT-Rx45 CYT-Rx46 CYT-Rx47
HeLa 1.27 T 0.34 3.10 T 0.10 97 1.61 T 0.31 97 2.85 T 0.55

*Cells were treated with CYT-Rx compounds at various concentrations for 24 hours before assessment with XTT assay.
†Data were presented as mean T SD from 3 independent experiments.
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cancer cell lines SiHa,CaSki, andHeLawas analyzed (Table 2).
The concentrations of half inhibition (IC50) of CYT-Rx20 on
these 3 cervical cancer cell lines were 3.08 T 0.25, 1.72 T 0.04,
and 1.84 T 0.03 Kg/mL, respectively. In particular, CYT-Rx20
showed more potent cytotoxic activity against cervical cancer
cells than cisplatin (Table 1).

Involvement of ROS-Mediated Pathways in
CYT-Rx20-Induced DNA Double-Strand
Breaks and FH2AX Focus Formation in
Cervical Cancer Cells

Reactive oxygen species are crucial for signal trans-
duction in response to environmental stress.20Y22 Intracel-
lular ROS levels in cervical cancer cells, determined by flow
cytometry using the H2DCFDA fluorescent dye, were in-
creased in a dose-dependent manner after CYT-Rx20 treat-
ment for 1 hour (Fig. 1B).

In this study, the DNA DSBs caused by CYT-Rx20 were
further examined by neutral comet assay (Fig. 1C), and the result
showed that CYT-Rx20 treatment led to an increase in DNA
DSBs. H2AX is a key factor in the repair process of damaged
DNA and becomes phosphorylated (FH2AX)when endogenous
or exogenous DNA damage events cause DSBs.23 Further
immunocytochemistry analysis showed a dose-dependent in-
crease of FH2AX formation in cervical cancer cells after CYT-
Rx20 treatment for 24 hours (Fig. 1D). TheCYT-Rx20-induced
ROS productionwas reversed by cotreatment withNAC, a thiol
antioxidant (Fig. 1E). We also determined the involvement of
ROS in CYT-Rx20-induced DNA damage, and the results
showed that NAC significantly suppressed CYT-Rx20-induced
DNA DSBs and FH2AX formation in cervical cancer cells
(Fig. 1F and G).

CYT-Rx20 Inhibited Cervical Cancer Cell
Viability Through Induction of Apoptosis

The cytotoxicity of CYT-Rx20 on cervical cancer cells,
determined by XTT viability assay, was rescued by NAC in a
dose-dependent manner (Fig. 2A and B). Bliss independence
model, which is based on the principle that drug effects are
outcomes of probabilistic processes, compares the effect
resulting from the combination of 2 drugs directly with the

effects of its individual components.24 Combination treatment
with CYT-Rx20 and cisplatin produced a synergistic effect on
cervical cancer cell death (Fig. 2C), whichwas rescued byNAC
(Fig. 2C) and 2 other thiol antioxidants, glutathione (GSH) and
2-mercaptoethanol (Fig. 2D). CYT-Rx20 treatment also in-
creased the levels of cleaved caspases-3 and -9, cleaved PARP,
and F-H2AX in cervical cancer cells (Fig. 2E). In this study, we
analyzed cell apoptosis by annexin V/PI staining after CYT-
Rx20 treatment for 24 hours and 48 hours. The number of
annexinV-positive cells was significantly higher in CYT-Rx20-
treated human cervical cancer cells compared with untreated
control cells (Fig. 2F).

Effect of CYT-Rx20 on Cervical Cancer Cell
Migration in Vitro

Anoikis is an important mechanism for inhibition of
cancer cell metastasis that may happen when cancer cells are
detached from the extracellular matrix.25 CYT-Rx20 treat-
ment induced cancer cell anoikis in a dose-dependent manner
(Fig. 3A). Furthermore, migration of cervical cancer cells
after CYT-Rx20 treatment for 24 hours at dosages that do not
cause significant cancer cell death (Fig. 3B) was measured by
a modified Boyden chamber assay. The results showed that
CYT-Rx20 inhibited cancer cell migration compared with
untreated control (Fig. 3B).

Epithelial-to-mesenchymal transition (EMT) is an im-
portant event in cancer cell migration, and the expression of
EMT markers is required for the early steps of metasta-
sis.26,27 In this study, theprotein levels ofmesenchymalmarkers
A-catenin, Vimentin, and Twist in cervical cancer cells were
determinedby immunoblotting analysis. The expression levels of
A-catenin,Vimentin, andTwistwere decreased in cervical cancer
cells when treated with the indicated concentrations of CYT-
Rx20, compared with the untreated control (Fig. 3C).

CYT-Rx20 Inhibited Xenografted Tumor
Growth in Mice

The inhibitory effect of CYT-Rx20 on anchorage-
independent growth of cervical cancer cells was evaluated
by soft agar assay (Fig. 4). CYT-Rx20 significantly inhibited
the anchorage-independent growth of cervical cancer cells
(Fig. 4A). To further explore the anticancer activity of CYT-
Rx20 in vivo, a nude mice xenograft tumor growth model
was employed. As shown in Figure 4B and 4C, CYT-Rx20
significantly suppressed xenografted tumor growth of cervi-
cal cancer cells in mice. After CYT-Rx20 treatment for 4
weeks, the average tumor volumes for the untreated control
and CYT-Rx20-treated (10.0 Kg/g body weight) groups were
405.44 T 137.41 and 209.46 T 89.64 mm3, respectively (Fig. 4B),
whereas the average tumor weights at sacrifice were 0.43 T 0.05
and 0.14 T 0.05 g, respectively (Fig. 4C).

The effect of CYT-Rx20 on the expression of DNA
damage marker FH2AX, the apoptosis-associated marker
cleaved caspase-3, and mesenchymal markers A-catenin and
Twist in cervical tumor xenografts in mice was analyzed by
immunohistochemistry staining. The expression of FH2AX
and cleaved caspase-3 (Fig. 4D and E) in xenografted tumors
was increased in mice treated with CYT-Rx20. In contrast, the

TABLE 2. Cytotoxicity* of CYT-Rx20 and cisplatin on
human cervical cancer cell lines

IC50, Kg/mL†

CYT-Rx20,
Kg/mL

Cisplatin,
Kg/mL

Cervical cell lines SiHa 3.08 T 0.25 4.12 T 0.13
CaSki 1.72 T 0.04 5.57 T 0.08
HeLa 1.84 T 0.03 2.01 T 0.04

*Cells were treated with CYT-Rx20 or cisplatin at various con-
centrations for 24 hours before assessment with XTT assay.

†Data were presented as mean T SD from 3 independent
experiments.
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expression ofA-catenin andTwistwas decreased in xenografted
tumors of the mice treated with CYT-Rx20 (Fig. 4Fand G). No
significant differences were observed in the body weight
(Suppl. Fig. 2, http://links.lww.com/IGC/A504,Thebodyweight
of the nude mice included in this study was measured every
week.) and histology of the cervix, heart, liver, lung, and kidney
between CYT-Rx20-treated mice and control mice (Fig. 4H).

DISCUSSION
Reactive oxygen species are generated as a product of

normal cellular metabolism. However, excessive production
of ROS has been implicated in cellular damage and, ulti-
mately, cell death under various environmental stress con-
ditions.28 The overproduction of ROS can interfere with the
stability of mitochondrial membrane potential, leading to

FIGURE 2. Cytotoxic effects of CYT-Rx20 on cervical cancer cells. A, SiHa, CaSki, and HeLa cells were treated with
various concentrations of CYT-Rx20 for 24 hours and assessed by XTT colorimetric assay. B, Cells were pretreatedwith
NAC (5 mM) for 1 hour, followed by CYT-Rx20 treatment for 24 hours before examination of cell viability.
C, Combination treatment with CYT-Rx20 and cisplatin (the concentration of cisplatin used for SiHa, CaSki and HeLa
cells was 2 Kg/mL, 3 Kg/mL, and 1 Kg/mL, respectively) elicits a synergistic effect on the inhibition of cell viability in
human cervical cancer cell lines. D, Cells were pretreated with GSH (1 mM) or 2-mercaptoethanol (100 KM) for
1 hour, followed by CYT-Rx20 (2 Kg/mL) treatment for 24 hours before XTT assay. E, The expression of
apoptosis-related proteins in cervical cancer cells upon CYT-Rx20 treatment for 24 hours was analyzed by
immunoblotting. The expression of A-actin was used as the internal control. The results were representative of three
separate experiments. F, Cervical cancer apoptotic cell death after CYT-RX20 (2 Kg/mL) treatment for 24 hours or
48 hours was examined by annexin V/PI staining followed by flow cytometric analysis. *P G 0.05, **P G0.01, and
***P G0.001, compared with the indicated group by 1-way ANOVA.
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FIGURE 2. (Continued).
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mitochondria-mediated release of ROS, which then promotes
cell death.28

In this study, we provided evidence that CYT-Rx20
treatment leads to ROS accumulation followed by antican-
cer effects on cervical cancer cells. Furthermore, ROS can be
generated through uncontrolled electron delivery or defi-
ciency in ROS scavengers such as GSH, a major intracellular
antioxidant responsible for the maintenance of cellular redox
state and protection of cells from oxidative damage.29Y31 In

the current study, the CYT-Rx20-induced cytotoxicity in
cervical cancer cells was significantly rescued by thiol antioxi-
dants including NAC, GSH, and A-mercaptoethanol, suggesting
that the anticancer activities of CYT-Rx20 may result from the
imbalance of thiol redox status.

The increased ROS may also induce oxidative damage
to DNA, including strand breaks and base and DNA protein
cross-links.32 On the other hand, DNA damage has also been
reported to induce ROS production by the H2AX-Nox1/Rac1

FIGURE 3. Effects of CYT-Rx20 on cervical cancer cell migration. A, Cervical cancer cells were treated with CYT-Rx20
for 24 hours and then collected after 24 hours of anoikis induction for evaluation of cell death, determined by trypan
blue staining using hemocytometer. B, Cervical cancer cells were treated with CYT-Rx20 for 24 hours, and the
migratory abilities were determined using a modified Boyden chamber assay. C, After cervical cancer cell lines were
treated with the indicated concentrations of CYT-Rx20 for 24 hours, the protein expression levels of EMT markers
were analyzed by immunoblotting. The intensity of the protein band was normalized to the loading control
A-actin and was calculated as the fold of untreated controls and then depicted as histograms. *P G 0.05, **P G 0.01, and
***P G 0.001, compared with the indicated group by 1-way ANOVA.
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FIGURE 4. Effects of CYT-Rx20 on cervical tumorigenesis in vitro and in vivo. A, CaSki cells were treated with
CYT-Rx20 (2 Kg/mL) for 24 hours, followed by evaluation of anchorage-independent colony formation using a soft
agar assay as described in Materials and methods. B, Female nude mice subcutaneously xenografted with CaSki cells
were intraperitoneally injected with 0.1% DMSO in normal saline (control) or 10 Kg/g body weight of CYT-Rx20
3 times perweek (n = 10 for eachgroup). Tumor volumewasmeasured every 3 days according to the formula (width2�
length)/2. C, Tumor weight was measured after sacrifice of the mice at the end of the study. D, The expression of
FH2AX, (E) cleaved caspase-3, (F) A-catenin, and (G) Twist in xenografted tumor tissues was analyzed by
immunohistochemistry. H, Hematoxylin and eosin staining of tissues from mouse organs. The representative
photographs were shown at�200 magnification. *P G 0.05, **P G0.01, and ***P G0.001, compared with the indicated
group by 1-way ANOVA.
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pathway.33 In this study, we monitored DSBs using F-H2AX
foci formation assay and neutral comet assay.34 These 2 as-
says provided clear evidence that DSB induction following
CYT-Rx20 treatment was reversed by NAC cotreatment,
suggesting that the imbalance of thiol redox status and ROS
generation upon CYT-Rx20 treatment can cause DNA dam-
age followed by cervical cancer cell death. Indeed, many
genotoxic and chemotherapeutic drugs cause apoptotic cell
death by inducing direct or indirect DNA damage35,36

CYT-Rx20-induced cell growth inhibition is partly
owing to cervical cancer cell apoptosis as shown by the in-
crease in annexin V positive cells in this study. To further
validate the role of apoptosis in CYT-Rx20-treated cervical
cancer cells, the caspase signaling pathways37,38 need to be
examined. A previous study reported that the caspase family
mediated apoptotic programmed cell death in cervical can-
cer.39 Caspase-9 is activated by cytochrome c very early in the
apoptotic cascade and then activates downstream caspases
including caspase-3, which leads to the cleavage of PARP, a
hallmark of apoptosis.40 In this study, we demonstrated that
CYT-Rx20 activated caspase-9 and caspase-3 and induced
cleavage of PARP in cervical cancer cells, indicating that
CYT-Rx20 exerted its cytotoxic activity in cervical cancer
cells by inducing apoptosis. On the other hand, CYT-Rx20
promoted cell anoikis, a form of anchorage-independent
cell death,25 and inhibited cell migration in cervical cancer
cells, suggesting a potential application of CYT-Rx20 in in-
hibition of cervical cancer metastasis.

The process of EMT is known to occur during em-
bryonic development and may play a role in the development
of chemoresistance.41 The main characteristics of EMT are
the upregulation of extracellular matrix components, loss of
intercellular cohesion, increased ability of cell movement, and
increased resistance to apoptosis.42 A previous study indi-
cated that EMT leads to chemoresistance and radioresistance
in cervical cancer progression.43 Transcription factors such as
A-catenin and Twist activate EMT by regulating expression of
genes involved in cell adhesion and migration.44,45 Previous
report indicated that p40phox can turn on ROS, which in turn
induces EMT, as characterized by increased Snail, Slug, and
Vimentin.46 In this study, we found that CYT-Rx20 suppressed
the migration of cervical cancer cells through inactivation of
mesenchymal markers A-catenin, Vimentin, and Twist (Fig. 3).
Whereas our study showed that CYT-Rx20 induced ROS
production and inhibited EMT marker expression and cancer
cell migration, NAC cotreatment did not reverse these pheno-
types (data not shown). Further studies are required to solve this
unanswered question.

The anticancer activity of CYT-Rx20 was also evaluated
in vivo. We found that CYT-Rx20 suppressed xenografted
cervical tumor growth with increased expression of F-H2AX
and cleaved caspase-3 and decreased expression of A-catenin
and Twist in xenografted tumor tissues. Of note, there were
no obvious pathologic changes in the examined organs of nude
mice (including cervix) or bodyweight, rendering CYT-Rx20 a
potential low toxicity anti-cervical cancer compound.

Taken together, the present study demonstrated that the
syntheticA-nitrostyrene derivativeCYT-Rx20 induced apoptosis
and inhibited migration in cervical cancer cells in vitro and

decreased cervical tumor growth in vivo. Furthermore, pre-
clinical and clinical studies are required to confirm its thera-
peutic potential for cervical cancer treatment.
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