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Cinobufagin inhibits tumor growth by inducing intrinsic
apoptosis through AKT signaling pathway in human nonsmall
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ABSTRACT

The cinobufagin (CB) has a broad spectrum of cytotoxicity to inhibit cell
proliferation of various human cancer cell lines, but the molecular mechanisms still
remain elusive. Here we observed that CB inhibited the cell proliferation and tumor
growth, but induced cell cycle arrest and apoptosis in a dose-dependent manner in
non-small cell lung cancer (NSCLC) cells. Treatment with CB significantly increased
the reactive oxygen species but decreased the mitochondrial membrane potential in
NSCLC cells. These effects were markedly blocked when the cells were pretreated
with N-acetylcysteine, a specific reactive oxygen species inhibitor. Furthermore,
treatment with CB induced the expression of BAX but reduced that of BCL-2, BCL-XL
and MCL-1, leading to an activation of caspase-3, chromatin condensation and DNA
degradation in order to induce programmed cell death in NSCLC cells. In addition,
treatment with CB reduced the expressions of p-AKT™% and p-AKTS%72 and inhibited
the AKT/mTOR signaling pathway in NSCLC cells in a time-dependent manner. Our
results suggest that CB inhibits tumor growth by inducing intrinsic apoptosis through
the AKT signaling pathway in NSCLC cells.

INTRODUCTION cascade of signaling transduction pathways in cancer cells
[4]. However, platinum-based chemotherapy represents a

Lung cancer is the leading cause of cancer deaths therapeutic challenge in NSCLC patients who are resistant
around the world [1]. Non-small cell lung cancer (NSCLC) to platinum drugs after long-term treatment, leading to
accounts for at least 75% of all lung cancer cases [2] and little improvement in patient survival coupled with the
the majority of them are diagnosed at advanced stages and unsatisfactory results of substantial toxicities. Even with
are inoperable [3]. To data, targeted therapy represents the addition of target-therapy, the median survival in
a meaningful advance in the treatment of NSCLC, but most metastatic NSCLC patients is less than one year [5].
platinum-based chemotherapy still plays a major role in While the need to develop better strategies to overcome
the treatment of patients with advanced NSCLC. Platinum this challenge is urgent, current resistance-modulating
drugs, including cisplatin, gemcitabine, docetaxel, and approaches have generally not proven clinically useful in
paclitaxel, can induce DNA adducts through an apoptotic NSCLC patients [6]. Hence, development of novel agents
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as an alternative approach may overcome the resistance to
platinum-based chemotherapy in NSCLC patients.

Numerous traditional Chinese medicines have been
observed to present potent anti-cancer activities and have
attracted a great deal of interest as potential candidates
for the development of novel anti-cancer drugs [7]. For
example, astragalus, a Chinese herb, has been shown to
improve effectiveness of platinum-based chemotherapy
in NSCLC patients [8]. Recently, we have screened
several compounds derived from Chinese medicines for
anti-cancer agents and our identified candidates induced
anti-cancer effects through a mitochondria-mediated
apoptosis in NSCLC cells, such as alantolactone [9],
cepharanthine [10], dracorhodin [11]. Specifically, the
ethanol extract from the Chinese herb Chan Su showed
a strong cytogenotoxic effect on a human NSCLC cell
line A549 [12]. Bufadienolides cinobufagin is one of
the primary chemical compounds of Chan Su [13, 14],
which is a cardiotonic steroid isolated from the skin and
parotid venom glands of the toad Bufo gargarizans Cantor
[15]. Chan Su has been used as a significant anti-cancer
agent, enhancing the life quality of cancer patients [16].
Cinobufagin (CB) has also been shown to have significant
anti-cancer effects in several cancers, including liver
cancer [17], cervical cancer [18], and prostate cancer
[19], but its anti-cancer mechanism still remains elusive.
Although CB as a member of the cardiac glycoside family
inhibits Na+/K+-ATPase activity [20], CB also emerged
recently as a key inhibitor of cell proliferation without
serious side effects in cancer cells [21]. Thus, CB appears
to be an alternative anti-cancer drug for NSCLC patients
who are resistant to platinum-based chemotherapy. In the
present study, we aim to determine the anti-cancer effect
of CB and its anti-cancer mechanism in NSCLC cells.

RESULTS

CB dose-dependently inhibits the tumor growth
of human NSCLC cell lines

CB is one of the bufadienolides (resibufogenin,
cinobufagin, and bufalin) isolated from the Chinese
traditional medicine Chan Su (Figure 1A). Early
studies have revealed that CB has a broad spectrum of
cytotoxicity to inhibit cell proliferation of various human
cancer cell lines [19, 22, 23]. To determine whether CB
effectively inhibits the growth of human NSCLC cells,
we selected four NSCLC cell lines, including A549
(lung adenocarcinoma), H1299 (lung adenocarcinoma),
H460 (lung large cell carcinoma), and SK-MES-1 (lung
squamous cell carcinoma), which harbor different genetic
mutations involved in diverse signaling pathways, such as
EGFR, RAF, and mTOR signaling pathways. These four
NSCLC cell lines were treated with varying concentrations
of CB in comparison with platinum drugs, including

cisplatin, gemcitabine, docetaxel, and paclitaxel. Since
the half maximal inhibitory concentration (IC, ) values
vary in different cancer cells [22], a gradient concentration
(0, 0.6, 1.2, 2.5, 5, 10, and 20 uM) of CB and platinum
drugs was used for treatment in all cell lines. Treatment
with CB or an individual platinum drug for 24 hours
reduced the cell viability in a dose-dependent manner
on the four NSCLC cell lines (Figure 1B-1E). A 40-50%
inhibitive efficacy was identified in cells treated with less
than a 2 uM concentration of CB. In treatments with the
same drug concentration, there were more significant
anti-proliferative effects of CB compared with those of
platinum drugs (Figure 1B-1E), suggesting a higher anti-
cancer efficacy of CB in NSCLC cells.

To substantiate this observation, we treated the A549
cells with CB or platinum drugs in a NOD scid gamma
(NSG) xenograft mouse model. Although treatment with a
low dosage of CB (1.5 mg/kg/day) by intraperitoneal (IP)
injection did not change xenograft tumor growth, there
was significant inhibition of tumor growth in treatment
with a middle dosage of CB (5 mg/kg/day), as compared
to that from an effective dosage of platinum drugs (Figure
2A). Notably, the tumor growth was dramatically inhibited
in treatment with high dosage of CB (10 mg/kg/day). The
effect of CB or platinum drugs on body weight was also
observed during the mice drug administration. The body
weight was temporarily lost 5-10% at one week after
administration (Figure 2B). Notably, the middle dosage
of CB showed an anti-cancer efficacy with less than
5% body weight loss as compared to the other effective
regimens. Furthermore, to investigate the cytotoxic effect
of CB in normal cells, we isolated the splenocytes from
one year-old rats. The cell viability was not significantly
changed in rat splenocytes treated with 0.5, 1, and 2 uM
CB (Figure 2C) or platinum drugs (Figure 2D), suggesting
direct cytotoxicity of CB appears to be similar to that of
platinum drugs in normal cells.

CB induces the cell cycle arrest and apoptosis of
human NSCLC cell lines

Cell cycle arrest is one of the major causes of cell
growth inhibition. Cinobufagin can induce cell cycle arrest
and apoptosis in osteosarcoma cells [24]. To determine
whether cell cycle arrest contributes to CB-induced
cell growth inhibition in NSCLC cells, we observed the
cell cycle progression during treatment with CB in four
NSCLC cell lines using flow cytometry with propidium
iodide (PI) staining. To observe the cell cycle progression,
cells were arrested at the GO/G1 phase by serum starvation
for 48 hours. As shown in Figure 3, after serum starvation,
cell cycle was released by supplying serum, and more
than 70% of CB-treated cells were arrested at GO/G1
phase at 24 hours. The cell cycle arrest was shown in a
time-dependent manner and was also different in various
cell types (Figure 3). After releasing for 24 hours, S phase
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was less in the CB-treated cells than in control cells,
while for 24-48 hours the G2/M phase still remained in
the CB-treated cells more than in control cells (Figure 3),
indicating a significant cell cycle arrest by treatment with
CB in human NSCLC cells.

To determine the effect of CB on cell apoptosis
in human NSCLC cell lines, we investigated both
apoptosis and necrosis by flow cytometry with Annexin
V/PI staining, and then observed nucleus morphology of
apoptosis by fluorescence microscopy with Hoechst 33342
staining. As shown in Figure 4A, apoptotic cells were
increased by treatment with CB at 24 hours in a dose-
dependent manner in four NSCLC cell lines. Likewise, an
increased apoptosis was also observed in a time-dependent
manner following treatment with 1 uM CB for 48 hours in
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both A549 and H1299 cells (Figure 4B). Notably, the CB-
induced apoptosis was significantly blocked when the cells
were pretreated with SmM antioxidant N-acetylcysteine
(NAC) in both A549 and H1299 cells (Figure 4C). Since
NAC can decrease mitochondrial-related oxidative stress
[25], the CB-induced apoptosis may be involved in the
intrinsic mitochondrial apoptosis [26—28]. Furthermore,
DNA fragmentation is an important characteristic of
apoptosis, which can be identified by Hoechst staining.
Consistent with the above results, treatment with 1 and
2 uM of CB for 24 hours led to an observable increase
of nuclear fragmentation in both A549 and H1299 cells
(Figure 4D). This data suggests that CB-induced apoptosis
may contribute to the cell growth inhibition of CB in
NSCLC cells.
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Figure 1: The effects of CB on cell viability in human NSCLC cell lines. A. chemical structure of CB. B-E. effects of CB and
platinum drugs on the growth inhibition in four NSCLC cell lines by the MTT assay. Cells were treated with different concentrations of CB
for 24 hours. Data are presented as mean = SD of triplicates. All * p <0.0001, CB vs. platinum drugs, Fisher’s PLSD test. All experiments

were repeated three times.
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Treatments of CB leads to the generation of
reactive oxygen species (ROS) and disruption
of the mitochondrial transmembrane potential
(MMP) through an intrinsic mitochondrial
apoptosis pathway in human NSCLC cell lines

To determine whether CB induces apoptosis
through an intrinsic mitochondrial apoptosis pathway,
we assessed the effect of CB on the ROS levels in both
A549 and H1299 cells. Intracellular ROS generation
in the cells was evaluated by flow cytometry with
dichloro-dihydro-fluorescein diacetate (DCFH-DA)
staining in both A549 and H1299 cells. As shown
in Figure 5A and 5B, levels of ROS in the H1299
cells treated with 1 and 2uM CB were significantly
increased from 6.05% to 17.90% and 29.66%, as
compared to the control cells, and levels of ROS in

A —o— Vehicle 20 -
& 1200 A ] —#&— Gemcitabine 50 mg/kg Is
E 5 —+&— Docetaxel 5 mg/kg

\E, 1000+ % —©— Cisplatin 5 mg/kg 10 -
GE') 800 - = % = Cinobufagin 1.5 mg/kg

.—‘{-*

Tumor Volu
N ey [e}
o 8 8 8

T T T T T T T 1

10 15 20 25 30 35 40 45
Days after tumor implantation

C Control 0.5 uM 1uM

Spleenocyte

100 _ Cis-platinum
80
60

D 100 Docetaxel

40
20

Cell viablity(%)

0 05 1

= ¥ = Cinobufagin 5.0 mg/kg
= < = Cinobufagin 10.0 mg/kg

AS549 cells was significantly increased from 2.72% to
9.92% and 65.27%, as compared to the control cells.
These effects were significantly blocked when the cells
were pretreated with 5 mM NAC. Furthermore, since
depolarization in the MMP is a characteristic feature
of intrinsic apoptosis [29-33], the effect of CB on the
MMP level was also examined by flow cytometry with
Rhodamine (Rh)-123 staining in both A549 and H1299
cells. As shown in Figure 5C and 5D, levels of the MMP
in H1299 cells treated with 1 and 2 pM of CB were
significantly decreased from 99.29% to 77.60% and
69.25%, as compared to the control cells, and levels of
the MMP in A549 cells treated with 1 and 2 uM of CB
were significantly decreased from 98.55% to 89.63%
and 53.61%, as compared to the control cells. Likewise,
these effects were significantly blocked when the cells
were pretreated with 5 mM NAC.
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Figure 2: The effects of CB on in vivo tumor growth in human NSCLC cell lines and in vitro cell growth in rat
splenocytes. A. tumor volume and B. body weight over time in response to treatment with CB or platinum drugs in A549 NSG xenograft
mouse models (n =10 mice/each group). Error bars are SD. Down arrows indicate time point from each treatment with vehicle, CB or
platinum drugs. All * p <0.0001 vs. vehicle, Fisher’s PLSD test. All experiments were repeated two times. C and D. rat splenocytes were
treated for 24 hours with CB and platinum drugs, respectively. Representative images of the splenocytes with different concentrations of
CB. Quantitative cell viabilities (%) are presented as mean + SD of triplicates. All p > 0.05, one-way ANOVA followed by LSD test. All

experiments were repeated three times.
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To elucidate the molecular mechanism underlying
apoptosis induced by CB, the expressions of BCL-2
family members and related proteins, such as BCL-2,
BCL-XL, BAX, MCL-1, and Caspase-3, were determined
by Western blot in H1299 cells. As shown in Figure SE,
expression levels of BCL-2, BCL-XL, and MCL-1 were
reduced by treatment with CB for 24 hours in a dose
dependent manner, while expression level of BAX was
increased in treatment with a high dosage of CB in H1299
cells. Although total Caspase-3 was not changed, cleaved-
Caspase3 was increased by treatment with CB for 24 hours
in a dose dependent manner (Figure SE). These results
together reveal CB-induced apoptosis through an intrinsic
mitochondrial apoptosis pathway in NSCLC cells.
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CB inhibits AKT activation through a
downregulation of both pAKT™" and
pAKTS*” in human NSCLC cell lines

Multiple signaling pathways are implicated in BCL-
2 family-regulated caspase activation and apoptosis in
cancer cells [34, 35]. Two major pathways, RAF/MEK/
ERK and PI3K/AKT/mTOR signaling, play critical roles
in tumorigenesis of NSCLC [36, 37], and targeting these
two pathways can lead to BCL-2 family-related apoptosis
in NSCLC cells [38-41]. Thus, we determined the
potential effect of CB on these two signaling pathways in
H1299 cells. As shown in Figure 6A, p-MEK1/2 appears
to be decreased in the H1299 cells treated with CB for 24
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Figure 3: The effects of CB on cell cycle progression in human NSCLC cell lines. Representative histograms represent the
percent of different phases in cell cycle progression. After starvation for 48 hours, cell cycle progression in A459 A. H1299 B. H460 C. and
SK-MES-1 D. cells were monitored by PI staining and flow cytometry at 12, 24, 36, and 48 hours after treatment with CB. Quantitative
cell cycle progression for G1/GO0, S, and G2/M phases are presented as percentage of cells in each cell cycle phase gate. All experiments

were repeated three times.

www.impactjournals.com/oncotarget

28939

Oncotarget



hours, especially in a high dosage (2uM). However, p-c-
RAF and pERK1/2 as upstream and downstream proteins
of p-MEK1/2 were not changed in treatment with CB in
H1299 cells, suggesting that RAF/MEK/ERK signaling
is unlikely to be a major contributor for CB-induced
apoptosis. Furthermore, we found that p-AKT™% was
dramatically downregulated by a low dosage (0.5uM) of
CB in H1299 cells and this decrease was simultaneously
associated with decreases of MCL-1. To validate this
observation, we treated both H1299 and A549 cells with
1uM CB for 3 hours. As shown in Figure 6B, while
expression levels of total AKT were not changed, both
p-AKT™% and p-AKT®” were significantly reduced in a
time dependent manner, suggesting that inhibition of AKT
signaling may contribute to CB-induced intrinsic apoptosis

in NSCLC cells. AKT is well known as a central node
in signaling pathways consisting of many downstream
components, such as mTOR, GSK-38, etc. As expected,
a critical downstream effector of mTOR signaling,
p-4EBP1 was simultaneously downregulated with p-AKT
after treatment with CB in both H1299 and A549 cells
(Figure 6B), indicating a CB-induced inhibition of AKT/
mTOR signaling. In addition, AKT directly stimulates
the Ser9 phosphorylation of GSK-3f [42], resulting in
the inactivation of GSK-3f, which can also inhibit MCL-
1 [43]. Since the treatment with CB can simultaneously
reduce p-AKT and MCL-1 (Figure 6A), we tested if
downregulation of the MCL-1 by CB is through an AKT-
GSK-3p axis. However, expression levels of p-GSK-3
at Ser9 were not changed after treatment with CB in both
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Figure 4: The effects of CB on apoptosis in human NSCLC cell lines. The cell apoptosis was determined by flow cytometry with
Annexin-V/PI staining. Representative histograms represent the percent of apoptotic or necrotic cells. The lower left quadrant (annexin V
and PI negative) represents viable cells; The lower right quadrant (annexin V positive and PI negative) represents apoptotic cells in early
stage; The upper left quadrant (annexin V negative and PI positive) represents necrotic cells or cellular debris; The upper right quadrant
(annexin V and PI positive) represents late apoptotic or necrotic cells. A. A459, H1299 and H460 cells were treated with 0, 1 and 2 uM of
CBfor 24 hours;SK-MES-1 cells were treated with 0, 0.5 and 1 pM of CB for 24 hours. B. cells were treated with CB for 0, 12, 24, 48 hours.
C. cells were treated with CB at 0, 2 and 2 uM +5mM NAC for 24 hours. D. representative images observed by fluorescence microscopy
represent the CB-induced apoptotic cells with Hoechst 33342 staining. White arrows indicate the apoptotic cells with fragmented nuclei.
Quantitative apoptosis data are presented as the means and SD of triplicates. A and B p value, one-way ANOVA; C p value, two-tailed

Student’s 7 test. All experiments were repeated three times.
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H1299 and A549 cells (Figure 6B), suggesting a GSK-
3B-independent AKT-MCL-1 axis during CB-induced
apoptosis in NSCLC cells.

DISCUSSION

Here our data showed that CB effectively inhibits
NSCLC cell growth in a dose-dependent manner as
compared to platinum drugs, but this inhibition does not
appear to be observed in rat splenocytes. Although slight
tumor growth inhibition by a low dosage of CB (1.5 mg/
kg) has been reported in a xenograft colon cancer model
[44], we identified an effective dosage of CB (5 mg/kg or
more) for tumor growth inhibition in a xenograft NSCLC
model. Furthermore, we observed the CB-induced cell
cycle arrest and apoptosis in NSCLC cells. Notably, we
identified that CB inhibits tumor growth by inducing
intrinsic mitochondrial apoptosis through AKT signaling
pathway in NSCLC cells.

Cell cycle arrest and apoptosis have been considered
as a main cause of cell growth inhibition [45]. Previous
studies indicated that CB induces cell cycle arrest at
the G2/ M phases in osteosarcoma cells [24], but at the
S phase in breast cancer cells [46]. Our results indicate
that treatment of NSCLC cells with CB induced cell cycle
arrest in a time-dependent manner. However, we observed
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that, if cells release from the GO/G1 phases after serum
starvation, CB induces cell cycle arrest, but this arrest is
not aimed at a specific phase and is different in diverse
NSCLC cell lines. Likewise, recent studies reported that
CB induces apoptosis through a sequence of apoptotic
modulators, including an increase of BAX, cytochrome C
and caspase 3 and 9 in prostate cancer cells [19, 23], BAX/
BCL-2 ratio in hepatocellular carcinoma cells [47], and
BAX and cleaved-PARP in osteosarcoma cells [24], but
a decrease of MCL-1 in several human cancer cell lines
[48]. In the present study, we found that CB markedly
induces apoptosis with an increase of BAX but a decrease
of BCL-2, BCL-XL, and MCL-1 in NSCLC cells in a
dose-dependent manner, suggesting that CB-induced
apoptosis occurs through the intrinsic mitochondrial
apoptosis pathway in NSCLC cells.

The regulation of intrinsic apoptosis by BCL-2
family proteins is through the raising of the cellular ROS
level and subsequently reducing the MMP level, which
stimulates mitochondria to release proapoptotic molecules,
and results in the activation of caspase-9 and caspase-3
during apoptosis [50, 51]. In the present study, our data
validated an increase of ROS and cleaved-caspase-3 and
a decrease of MMP after treatment with CB, but they can
be completely recovered by antioxidant NAC in NSCLC
cells. Thus, crosstalk between BCL-2 family proteins,
ROS, and MMP through an intrinsic mitochondrial
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Figure 5: The effects of CB on ROS and MMP in human NSCLC cell lines. A and C. representative histograms represent the
levels of ROS (by DCFH-DA staining) and MMP (Rh-123 staining) in A549 and H1299 cells, respectively. B and D. quantitative ROS and
MMP data are presented as the means and SD of triplicates in A549 and H1299 cells, respectively. All p value, Student’s two-tailed # test
or one-way ANOVA followed by LSD test. E. representative images for the expression of apoptotic related proteins determined by Western

blot analysis after treatment with CB in H1299 cells.
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apoptosis pathway is essential for understanding the anti-
cancer mechanism of CB in NSCLC cells. In addition,
targeting BCL-2 family proteins is an effective approach
to inducing intrinsic apoptosis in cancer cells, which
contributes to the cytotoxic therapies of chemotherapeutic
drugs in NSCLC patients [34, 35]. Thus, CB may be an
effective anti-cancer drug for NSCLC patients.
Comprehensive analysis of genetic alterations in
NSCLC has identified key signaling pathways and genes,
such as EGFR, TP53, KRAS, PIK3CA, STK11, BRAF,
ERBB2, MET, and PARK?2 [34-37]. In the present study,
we used 4 NSCLC cell lines (A549, H1299, H460, and
SK-MES-1) that are harboring different genetic mutations
in EGFR, TP53, KRAS, NRAS, PIK3CA, STK11, CDKN2A,
etc. Thus, CB-induced intrinsic mitochondrial apoptosis
as well as cell cycle arrest may occur through those key
signaling pathways in NSCLC cells. In fact, recent studies
reported that CB suppresses cell proliferation and induces
cell cycle arrest and apoptosis through downregulation of
p-ERK, ¢-MYC, p-GSK-3f, NK-«B/p65, and p38 MAPK,
but upregulation of intracellular free calcium ([Ca2+]
i) and Cyclin A in cancer cells [19, 24, 46, 47, 52-54].
In the present study, we observed that treatment with CB
dramatically reduced both p-AKT™% and p-AKTS*” in
H1299 and A549 cells. Interestingly, downregulation of

p-AKT by treatment with CB was always accompanied
with the same trend reduction of p-4EBP1 and MCL-1
but not p-GSK-3B, suggesting CB-induced AKT/mTOR
apoptotic signaling in NSCLC cells (Figure 6C) [55-59].

In conclusion, our findings reveal that CB markedly
inhibited tumor growth and induced cell cycle arrest and
apoptosis in human NSCLC cells. Our results suggest that
CB through AKT signaling pathway and the crosstalk
between BCL-2 family proteins, ROS, and MMP leads
to an intrinsic mitochondrial apoptosis (Figure 6C). CB
may be a potential alternative anti-cancer drug to platinum
drugs for anti-lung cancer therapy.

MATERIALS AND METHODS

Cell lines, antibodies, and reagents

Human NSCLC cell lines, including human
lung adenocarcinoma cell line A549, human lung
adenocarcinoma cell line H1299, human large cell lung
carcinoma cell line H460, and lung squamous carcinoma
cell line SK-MES-1, were purchased from Cell Bank of
Chinese Academy of Sciences (Shanghai, China). A549,
H1299 and H460 cells were cultured in Roswell Park

A H1299 cells B H1299cells  A549cells C
Concentration (uM) Times (hour) Times (hour)
0 05 1 2 0o 1 3 0 1 3 Cinobufagin (CB)
p-c-RAF
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Cellmembrane
p-MEK1/2 *
(S217/221) i
v
MEK1/2 ,AKT::'e’ mT::)R
2 a Vv

p-p42/44MAPK
(p-ERK1/2)

p-42/44MAPK
(ERK1/2)

apoptosome o®
forms

p-AKT
(T308)
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Figure 6: The effects of CB on RAF/MEK/ERK and PI3K/AKT/mTOR signaling in human NSCLC cell lines. A. protein
expression in RAF/MEK/ERK and AKT/MCL1 signaling determined by Western blot analysis after treatment with CB in H1299 cells. B.
protein expression in AKT/mTOR and AKT/GSK38 signaling determined by Western blot analysis after treatment with CB in H1299 and A549
cells. All experiments were repeated three times. C. schematic representation of potential CB-induced apoptotic pathway in NSCLC cells.
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Memorial Institute Medium (RPMI 1640) in a medium
supplemented with 10% fetal bovine serum (FBS). SK-
MES-1 cells were cultured in Dulbecco's Modified Eagle's
Medium (DMEM) in a medium supplemented with 10%
FBS and maintained at 37°C with 5% CO, in a humidified
atmosphere.

Cinobufagin (CB) which was purchased from the
Chinese materials research center (Beijing, China), was
dissolved in Dimethyl Sulfoxide (DMSO) purchased from
Shenggong Company (Shanghai, China) to make a stock
solution. FBS was purchased from Gibco (Grand Island,
NY, USA). DMEM, RPMI-1640, 3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide (MTT), Hoechst
33342, and Rh-123 mitochondrial specific fluorescent
dye were purchased from Sigma (Shanghai, China).
Cell Cycle Analysis Kit and Reactive Oxygen Species
Dichlorofluorescin-Diacetate (DCF-DA) Detection Kit
were purchased from Beyotime Company (Shanghai,
China). BCA Protein Assay Kit and Annexin V-FITC
Apoptosis Detection Kit were purchased from Keygen
Company (Nanjing, China). Polyclonal antibodies
against B-ACTIN, BAX, BCL-2, BCL-XL, MCL-1,
AKT, p-AKT™%, p-AKTS*7, GSK3p, p-GSK3p5, p-c-
RAFS° MEK1/2, p-MEK1/25217221" p42/44AMAPK
(ERK1/2), p-p42/44MAPK (p-ERK1/2), TSC1, TSC2,
4EBP1, p-4EBP1, pro-caspase-3, cleaved-caspase3, and
horseradish peroxidase-conjugated secondary antibodies
(goat-anti rabbit and mouse) were purchased from Cell
Signaling (Shanghai, China). Western Blotting Detection
Kit was purchased from Milipore (Billerica, USA).

Cell growth inhibition assay

The inhibition of cell growth was determined by
an MTT assay. Briefly, four NSCLC cells were treated
with various concentrations of CB and platinum drugs,
including cisplatin, gemcitabine, docetaxel, and paclitaxel
for 24 hours. Following treatment, the MTT reagent was
added (100 pl/ml) and the cells were further incubated
at 37°C for 4 hours. Then, 150 ul DMSO was added to
dissolve the formazan crystals and absorbance was read
in a micro-plate reader (Thermo Scientific, Waltham, MA,
USA) at 570 nm. The viable cell number was directly
proportional to the production of formazan. The growth
inhibition assay was repeated three times. The IC, values
were calculated using GraphPad Prism 5 (La Jolla, CA,
USA). The percentage of inhibition was calculated as
follows: Inhibitory ratio (%)=(A[control]-A[sample])/
Alcontrol]x100%.

Xenogeneic transplantation

NSG mice were purchased from The Jackson
Laboratory (Bar Harbor, USA). The male F1 mice of given
genotypes were used in the study. All animal experiments
were conducted in accordance with accepted standards

of animal care and approved by the Institutional Animal
Care and Use Committee of The Second Hospital of
Jilin University. The A549 cells were grown in DMEM
media supplemented with 10% FBS without antibiotics.
Cells were expanded and used for inoculation within
three to four passages after thawing from liquid nitrogen
storage. Eight week old male NSG mice were used as
recipients to received subcutaneous injections of 100 puL
containing 5 x 10° A549 cells in 50:50 Matrigel/collagen I
on their left flank. Ten days after injection, the mice were
randomized into seven groups (n = 10 mice/group) for the
following treatments: vehicle control, cisplatin (5 mg/kg/
day, every 5 days), gemcitabine (50 mg/kg/day, every 5
days), docetaxel (5 mg/kg/day, every 5 days), paclitaxel
(5 mg/kg/day, every 5 days), and CB (1.5, 5.0, and 10.0
mg/kg/day, respectively, every 5 days). Tumor size was
measured using a Vernier caliper every day in the two
longest dimensions. Tumor volume was calculated with
the following formula 0.5D1(D2)?, where D1 is the long
measure and D2 is the short dimension. Mouse body
weight was measured every 5 days until the study end.
Each mouse was euthanized when tumor size reached
1,500 mm?®, when the tumor became ulcerated, or when
tumor growth was observed up to 45 days after tumor
implantation.

Cell cycle progression assay

For cell cycle analysis by flow cytometry, we used
PI Cell Cycle Detection Kit. Briefly, four NSCLC cells
were serum starved for 48 hours and then treated with
CB at the concentration of 0, 1, 2 puM, respectively. After
12, 24, 36, and 48 hours of treatment with CB, cells
were harvested and fixed in 500 pl 70% ice cold ethanol
at 4°C for 2 hours. Next, the samples were washed with
phosphate buffer saline (PBS) and incubated with RNase
A and PI staining solution as the manufacturer described.
After staining, the samples were analyzed by flow
cytometry.

Apoptosis detection assay

Four NSCLC cells were treated with CB at various
concentrations and various times (0, 12, 24, and 48
hours) according to the MTT assay. Cells were collected
and washed with PBS, and then the apoptotic cell death
rate was examined by Annexin V-FITC and PI double
staining using the Annexin V-FITC Apoptosis Detection
Kit according to the manufacturer’s instructions. After
staining with Annexin V-FITC/PI, the samples were
analyzed by flow cytometry (Beckman Coulter Epics XL,
Brea CA, USA). A549 and H1299 cells were treated with
CB in a dose dependent manner in the presence or absence
of 5 mM NAC.

To visualize apoptotic cell death and nuclear
morphology, cells were stained with Hoechst. Briefly, cells
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were seeded into a 6-well flat bottom plate and treated
with CB at the concentrations of 0, 1, 2 uM respectively.
After 24 hours of treatment, cells were collected, washed
and allowed to dry on slides. Then nuclei were stained
with Hoechst for 10 min. The apoptotic cells displaying
fragmented or condensed nuclei were observed under a
fluorescence microscope (Olympus, Tokyo, Japan).

Determination of ROS and MMP

ROS level was measured in A549 and H1299
cells by using a DCF-DA Detection Kit according to the
manufacturer’s instructions. Briefly, cells were treated
with CB at the concentrations of 0, 1, 2 uM, respectively,
in the presence or absence of 5 mM NAC. After 24 hours
of treatment, cells were collected, washed with RPMI-
1640 without FBS, and then incubated with 10mM DCF-
DA at 37°C for 15 minutes. The stained cells were washed
and resuspended in 200 pl RPMI-1640. The intracellular
ROS activated the oxidation of DCFH to the fluorescent
compound DCF. The generation of ROS was then
analyzed by flow cytometry.

Mitochondrial transmembrane potential was
determined in A459 and H1299 cells by flow cytometry
with Rh-123 staining according to the manufacturer’s
instructions. Briefly, cells were treated with CB at the
concentrations of 0, 1, 2 uM, respectively, in the presence
or absence of 5 mM NAC. After 24 hours of treatment,
cells were collected, washed with PBS and then incubated
with Rh-123 (10 uM) at 37°C for 20 minutes. The stained
cells were washed and resuspended in 200 pl PBS. The
level of mitochondrial transmembrane potential was then
analyzed by flow cytometry.

Western blot analysis

To determine the mechanism underlying the CB-
induced apoptosis, western blot was performed for
apoptotic related proteins. Firstly, H1299 cells were
treated with CB at the concentrations of 0, 0.5, 1, 2 uM,
respectively. H1299 cells and A549 cells were also treated
with 1uM of CB after 1, 3, and 6 hours, cells were collected
and washed with PBS. The cell pellets were resuspended
in Radio-Immunoprecipitation Assay (RIPA) lysis
buffer and ultrasound lysed on ice. After centrifugation,
the supernatant fluids were collected and the protein
contents of the supernatant were determined using
BCA Protein Assay Kit before the protein samples were
stored at -20°C. The protein lysates were then separated
by electrophoresis on 10% sodium dodecyl sulphate-
polyacrylamide gel and transferred to a polyvinylidene
fluoride membrane (Amersham Biosciences, Piscataway,
NJ, USA). The membranes were soaked in a blocking
buffer (5% skimmed milk) for 2 hours. To probe for all
the proteins, membranes were incubated overnight at
4°C with relevant antibodies, followed by appropriate

horseradish peroxidase conjugated secondary antibodies
and enhanced chemiluminescence detection. We used the
Gel-Pro Analyzer, which could extract valuable qualitative
and quantitative information from electrophoretic gels to
document and store our Western blot data.

Statistical analysis

All data represent at least three independent
experiments and were expressed as Mean + standard
deviation (SD). The means of the variables were compared
using a two-tailed ¢ test between two groups. Multiple
comparisons were made using a one-way ANOVA
followed by least significant difference (LSD) test. The
mean of one group was compared with the mean of
another group by Fisher’s protected LSD (PLSD, a two-
ways ANOVA) test. All data were entered into an access
database using Excel 2010 and analyzed with SPSS
(version 20; IBM, Armonk, NY, USA) and StatView
(version 5.0.1; SAS Institute Inc., Cary, NC, USA). P <
0.05 was considered statistically significant.

CONFLICTS OF INTEREST

There are no potential conflicts of interest for
disclosure.

ACKNOWLEDGMENTS

This work was supported by a grant from the
National Natural Science Foundation of China (No.
81272472; No.31571342) and Jilin Province Scientific and
Technological Project (No. 20140521).

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.
CA Cancer J Clin. 2013; 63:11-30.

2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011; 61:69-90.

3. Pastorino U. Lung cancer screening. Br J Cancer. 2010;
102:1681-1686.
Siddik ZH. Cisplatin: mode of cytotoxic action and

molecular basis of resistance. 2003;

22:7265-7279.

5. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH,
Dowlati A, Lilenbaum R, Johnson DH. Paclitaxel-
carboplatin alone or with bevacizumab for non-small-cell
lung cancer. N Engl J Med. 2006; 355:2542-2550.

6. Stewart DJ. Tumor and host factors that may limit efficacy

Oncogene.

of chemotherapy in non-small cell and small cell lung
cancer. Crit Rev Oncol Hematol. 2010; 75:173-234.

7. Wu P, Dugoua JJ, Eyawo O, Mills EJ. Traditional Chinese
Medicines in the treatment of hepatocellular cancers: a

www.impactjournals.com/oncotarget

28944

Oncotarget



11.

12.

14.

15.

17.

18.

systematic review and meta-analysis. J Exp Clin Cancer
Res. 2009; 28:112.

Deng GE, Rausch SM, Jones LW, Gulati A, Kumar NB,
Greenlee H, Pietanza MC, Cassileth BR. Complementary
therapies and integrative medicine in lung cancer: Diagnosis
and management of lung cancer, 3rd ed: American College
of Chest Physicians evidence-based clinical practice
guidelines. Chest. 2013; 143:e420S-436S.

Zhao P, Pan Z, Luo Y, Zhang L, Li X, Zhang G, Zhang
Y, Cui R, Sun M, Zhang X. Alantolactone Induces
Apoptosis and Cell Cycle Arrest on Lung Squamous
Cancer SK-MES-1 Cells. J Biochem Mol Toxicol. 2015;
29:199-206.

Hua P, Sun M, Zhang G, Zhang Y, Tian X, Li X, Cui R,
Zhang X. Cepharanthine induces apoptosis through reactive
oxygen species and mitochondrial dysfunction in human
non-small-cell lung cancer cells. Biochem Biophys Res
Commun. 2015; 460:136-142.

Zhang G, Sun M, Zhang Y, Hua P, Li X, Cui R, Zhang
X. Dracorhodin perchlorate induces G/G phase arrest and
mitochondria-mediated apoptosis in SK-MES-1 human lung
squamous carcinoma cells. Oncol Lett. 2015; 10:240-246.
Lee S, Lee Y, Choi YJ, Han KS, Chung HW. Cyto-/
genotoxic effects of the ethanol extract of Chan Su, a
traditional Chinese medicine, in human cancer cell lines. J
Ethnopharmacol. 2014; 152:372-376.

Hu Y, Yu Z, Yang ZJ, Zhu G, Fong W. Comprehensive
chemical analysis of Venenum Bufonis by using liquid
chromatography/electrospray ionization tandem mass
spectrometry. J Pharm Biomed Anal. 2011; 56:210-220.

Wang J, Jin Y, Xu Z, Zheng Z, Wan S. Involvement
of caspase-3 activity and survivin downregulation in
cinobufocini-induced apoptosis in A 549 cells. Exp Biol
Med (Maywood). 2009; 234:566-572.

Yang LH, Zhang HZ, Zhang B, Chen F, Lai ZH, Xu LF, Jin
XQ. [Studies on the chemical constituents from the skin of
Bufo bufo gargarizans Cantor]. Yao Xue Xue Bao. 1992;
27:679-683.

Qin TJ, Zhao XH, Yun J, Zhang LX, Ruan ZP, Pan BR.
Efficacy and safety of gemcitabine-oxaliplatin combined
with huachansu in patients with advanced gallbladder
carcinoma. World J Gastroenterol. 2008; 14:5210-5216.
Dong YQ, Ma WL, Gu JB, Zheng WL. [Effect of
cinobufagin on nuclear factor-kappaB pathway in HepG2
cells]. Nan Fang Yi Ke Da Xue Xue Bao. 2010; 30:137-139.
Wang L, Wu J, Li M, Yang XW, Cui JR. [Pilot study on
the mechanisms of growth inhibitory effect of cinobufagin
on HeLa cells]. Zhonghua Zhong Liu Za Zhi. 2005;
27:717-720.

. Yu CH, Kan SF, Pu HF, Jea Chien E, Wang PS. Apoptotic

signaling in bufalin- and cinobufagin-treated androgen-
dependent and -independent human prostate cancer cells.
Cancer Sci. 2008; 99:2467-2476.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Krenn L, Kopp B. Bufadienolides from animal and plant
sources. Phytochemistry. 1998; 48:1-29.

Haux J, Klepp O, Spigset O, Tretli S. Digitoxin medication
and cancer; case control and internal dose-response studies.
BMC Cancer. 2001; 1:11.

He X, Tang J, Qiao A, Wang G, Jiang M, Liu RH, Yao
X. Cytotoxic biotransformed products from cinobufagin
by Mucor spinosus and Aspergillus Niger. Steroids. 2006;
71:392-402.

Yeh JY, Huang WJ, Kan SF, Wang PS. Effects of bufalin
and cinobufagin on the proliferation of androgen dependent
and independent prostate cancer cells. Prostate. 2003;
54:112-124.

Yin JQ, Wen L, Wu LC, Gao ZH, Huang G, Wang J, Zou
CY, Tan PX, Yong BC, Jia Q, Shen JN. The glycogen
synthase kinase-3beta/nuclear factor-kappa B pathway
is involved in cinobufagin-induced apoptosis in cultured
osteosarcoma cells. Toxicol Lett. 2013; 218:129-136.

Moreira PI, Harris PL, Zhu X, Santos MS, Oliveira CR,
Smith MA, Perry G. Lipoic acid and N-acetyl cysteine
decrease mitochondrial-related oxidative stress in
Alzheimer disease patient fibroblasts. J Alzheimers Dis.
2007; 12:195-206.

Danial NN, Korsmeyer SJ. Cell death: critical control

points. Cell. 2004; 116:205-219.

Kroemer G, Galluzzi L, Brenner C. Mitochondrial
membrane permeabilization in cell death. Physiol Rev.
2007; 87:99-163.

Taylor RC, Cullen SP, Martin SJ. Apoptosis: controlled
demolition at the cellular level. Nat Rev Mol Cell Biol.
2008; 9:231-241.

Krishna S, Low IC, Pervaiz S. Regulation of mitochondrial
metabolism: yet another facet in the biology of the
oncoprotein Bel-2. Biochem J. 2011; 435:545-551.

Fleury C, Mignotte B, Vayssiere JL. Mitochondrial reactive
oxygen species in cell death signaling. Biochimie. 2002;
84:131-141.

Skulachev VP. Cytochrome c in the apoptotic and
antioxidant cascades. FEBS Lett. 1998; 423:275-280.
Gross A, McDonnell JM, Korsmeyer SJ. BCL-2 family
members and the mitochondria in apoptosis. Genes Dev.
1999; 13:1899-1911.

Reed JC. Proapoptotic multidomain Bcl-2/Bax-family
proteins: mechanisms, physiological roles, and therapeutic
opportunities. Cell Death Differ. 2006; 13:1378-1386.
Pore MM, Hiltermann TJ, Kruyt FA. Targeting apoptosis
pathways in lung cancer. Cancer Lett. 2013; 332:359-368.
Paul I, Jones JM. Apoptosis block as a barrier to effective
therapy in non small cell lung cancer. World J Clin Oncol.
2014; 5:588-594.

Westcott PM, Halliwill KD, To MD, Rashid M, Rust AG,
Keane TM, Delrosario R, Jen KY, Gurley KE, Kemp CJ,

WWWwW

.impactjournals.com/oncotarget

28945

Oncotarget



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Fredlund E, Quigley DA, Adams DJ, Balmain A. The
mutational landscapes of genetic and chemical models of
Kras-driven lung cancer. Nature. 2015; 517:489-492.

Cancer Genome Atlas Research N. Comprehensive genomic
characterization of squamous cell lung cancers. Nature.
2012; 489:519-525.

Wu DW, Wu TC, Wu JY, Cheng YW, Chen YC, Lee
MC, Chen CY, Lee H. Phosphorylation of paxillin confers
cisplatin resistance in non-small cell lung cancer via
activating ERK-mediated Bcl-2 expression. Oncogene.
2014; 33:4385-4395.

Boucher MJ, Morisset J, Vachon PH, Reed JC, Laine J,
Rivard N. MEK/ERK signaling pathway regulates the
expression of Bel-2, Bel-X(L), and Mcl-1 and promotes
survival of human pancreatic cancer cells. J Cell Biochem.
2000; 79:355-369.

Yuen HF, Chan KK, Grills C, Murray JT, Platt-Higgins A,
Eldin OS, O'Byrne K, Janne P, Fennell DA, Johnston PG,
Rudland PS, El-Tanani M. Ran is a potential therapeutic
target for cancer cells with molecular changes associated
with activation of the PI3K/Akt/mTORC]1 and Ras/MEK/
ERK pathways. Clin Cancer Res. 2012; 18:380-391.

Balmanno K, Cook SJ. Tumour cell survival signalling by
the ERK1/2 pathway. Cell Death Differ. 2009; 16:368-377.

Qiao M, Sheng S, Pardee AB. Metastasis and AKT
activation. Cell Cycle. 2008; 7:2991-2996.

Wang R, Xia L, Gabrilove J, Waxman S, Jing Y.
Downregulation of Mcl-1 through GSK-3beta activation
contributes to arsenic trioxide-induced apoptosis in acute
myeloid leukemia cells. Leukemia. 2013; 27:315-324.

Li C, Hashimi SM, Cao S, Qi J, Good D, Duan W, Wei
MQ. Chansu inhibits the expression of cortactin in colon
cancer cell lines in vitro and in vivo. BMC Complement
Altern Med. 2015; 15:207.

King KL, Cidlowski JA. Cell cycle regulation and
apoptosis. Annu Rev Physiol. 1998; 60:601-617.

MalL, Song B, Jin H, PiJ, Liu L, Jiang J, Cai J. Cinobufacini
induced MDA-MB-231 cell apoptosis-associated cell cycle
arrest and cytoskeleton function. Bioorg Med Chem Lett.
2012; 22:1459-1463.

Wang DL, Qi FH, Xu HL, Inagaki Y, Orihara Y, Sekimizu
K, Kokudo N, Wang FS, Tang W. Apoptosis-inducing
activity of compounds screened and characterized from
cinobufacini by bioassay-guided isolation. Mol Med Rep.
2010; 3:717-722.

Cerella C, Muller F, Gaigneaux A, Radogna F, Viry
E, Chateauvieux S, Dicato M, Diederich M. Early
downregulation of Mcl-1 regulates apoptosis triggered
by cardiac glycoside UNBS1450. Cell Death Dis. 2015;
6:¢1782.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Borner MM, Brousset P, Pfanner-Meyer B, Bacchi M,
Vonlanthen S, Hotz MA, Altermatt HJ, Schlaifer D, Reed
JC, Betticher DC. Expression of apoptosis regulatory
proteins of the Bcl-2 family and p53 in primary resected
non-small-cell lung cancer. Br J Cancer. 1999; 79:952-958.
Kakkar P, Singh BK. Mitochondria: a hub of redox
activities and cellular distress control. Mol Cell Biochem.
2007; 305:235-253.

Azad N, Iyer A, Vallyathan V, Wang L, Castranova V,
Stehlik C, Rojanasakul Y. Role of oxidative/nitrosative
stress-mediated Bcl-2 regulation in apoptosis and malignant
transformation. Ann N 'Y Acad Sci. 2010; 1203:1-6.

Xu ZW, Wang FM, Gao MJ, Chen XY, Shan NN, Cheng
SX, Mai X, Zala GH, Hu WL, Xu RC. Cardiotonic steroids
attenuate ERK phosphorylation and generate cell cycle
arrest to block human hepatoma cell growth. J Steroid
Biochem Mol Biol. 2011; 125:181-191.

Kau MM, Wang JR, Tsai SC, Yu CH, Wang PS. Inhibitory
effect of bufalin and cinobufagin on steroidogenesis via
the activation of ERK in human adrenocortical cells. Br J
Pharmacol. 2012; 165:1868-1876.

Back SH, Kim C, Lee JH, Nam D, Lee J, Lee SG, Chung
WS, Jang HJ, Kim SH, Ahn KS. Cinobufagin exerts
anti-proliferative and pro-apoptotic effects through the
modulation ROS-mediated MAPKs signaling pathway.
Immunopharmacol Immunotoxicol. 2015; 37:265-273.
Coloff JL, Macintyre AN, Nichols AG, Liu T, Gallo CA,
Plas DR, Rathmell JC. Akt-dependent glucose metabolism
promotes Mcl-1 synthesis to maintain cell survival
and resistance to Bcl-2 inhibition. Cancer Res. 2011;
71:5204-5213.

Kuo ML, Chuang SE, Lin MT, Yang SY. The involvement
of PI 3-K/Akt-dependent up-regulation of Mcl-1 in the
prevention of apoptosis of Hep3B cells by interleukin-6.
Oncogene. 2001; 20:677-685.

Longo PG, Laurenti L, Gobessi S, Sica S, Leone G,
Efremov DG. The Akt/Mcl-1 pathway plays a prominent
role in mediating antiapoptotic signals downstream of the
B-cell receptor in chronic lymphocytic leukemia B cells.
Blood. 2008; 111:846-855.

Chen W, Bai L, Wang X, Xu S, Belinsky SA, Lin Y.
Acquired activation of the Akt/cyclooxygenase-2/Mcl-1
pathway renders lung cancer cells resistant to apoptosis.
Mol Pharmacol. 2010; 77:416-423.

Lin MT, Lee RC, Yang PC, Ho FM, Kuo ML.
Cyclooxygenase-2 inducing Mcl-1-dependent survival
mechanism in human lung adenocarcinoma CL1.0 cells.
Involvement of phosphatidylinositol 3-kinase/Akt pathway.
J Biol Chem. 2001; 276:48997-49002.

www.impactjournals.com/oncotarget

28946

Oncotarget



