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Abstract
Background: Lung cancer patients always develop serious chemotherapy resistance after long-term use
of cisplatin (DDP) treatment. It has been demonstrated that combination of DDP with other
chemotherapy drugs may signi�cantly reduce drug resistance. Cinobufagin (CB) showed potent anti-
tumor effect against lung cancer. However, the relevance of CB and DDP resistance in lung cancer
remains unclear. This article will study the effects of CB on reversing lung cell resistance in vitro and in
vivo.

Materials and Methods: The cell viability was evaluated using the Cell Counting Kit 8 (CCK8) assay. The
apoptosis was detected by �ow cytometry analysis and TUNEL staining. The invasiveness was detected
by Invasion assay. The mRNA and protein of apoptosis-related proteins, P-AKT, P-PI3K, P-MEK1/2, P-
ERK1/2 and MRP1 were estimated by qRT-PCR analysis and western blot analysis, respectively. In vivo
antitumor activities were investigated by subcutaneous xenograft assay.

Results: The present study �rstly demonstrated that the sensitivity of DDP in DDP-resistant A549
(A549/DDP) cells was enhanced when treatment with CB. Moreover, CB combined with DDP signi�cantly
weakened the proliferation and increased apoptosis of A549/DDP cells. In addition, the expression level
of Bcl-2 was increased, whereas Bax and Caspase-3 were activated when A549/DDP cells were treated
with both drugs. Moreover, after treatment with IGF1 (activator of PI3K/AKT) or PMA (activator of
MAPK/ERK) and mixed drugs (CB+DDP), the expressions of P-AKT, P-PI3K, P-MEK1/2 and P-ERK1/2 were
increased. Finally, the results of in vivo experiments showed that the combination of DDP and CB
signi�cantly reduced the growth of tumors derived from A549/DDP cells.

Conclusions: In summary, the results of this study indicate that the combination of CB and DDP can be
considered an effective strategy to increase the sensitivity of DDP-resistant lung cancer cells to DDP by
inhibiting the PI3K/AKT and MAPK/ERK pathways.

1. Introduction
Up to now, lung cancer is still one of the malignant tumors that endanger human health, and its incidence
is increasing year by year worldwide (1–3). Due to the lack of effective early diagnosis methods and
unobvious symptoms, most patients are already at an advanced stage when they are discovered and can
not be surgically removed. Chemotherapy has become the most commonly used method for clinical
treatment of lung cancer (3). Cis-dichlorodiamino platinum [cisplatin (DDP)], a representative reference
standard for �rst-line chemotherapy for lung cancer (4). However, patients with long-term use of cisplatin
will develop resistance, which can reduce the survival time and the quality of life of patients (5).
Therefore, it is critical to provide effective methods to improve the sensitivity of DDP resistance for the
successful treatment of lung cancer.

Traditional Chinese medicine (TCM) has attracted great attention in the �eld of drug development due to
its low toxicity and high e�ciency, especially its application in the treatment of cancer (6, 7). Chan-su is a
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traditional Chinese medicine recognized by some Asian countries. It is taken from the dry secretions and
parotid glands of Asian toads Bufo gargarizans (8). Cinobufagin (CB), the main active ingredient of Chan-
su, is approved by the State Food and Drug Administration for the treatment of liver cancer and prostate
cancer (9). A deal of evidence has shown that cinobufagin can inhibit the growth and development of
cancer (10–12). For example, cell cycle was arrested in S phase and the apoptosis rate was improved
when treated with CB in nasopharyngeal carcinoma cells (10). Moreover, Kim et al. found that CB
suppressed melanoma cell growth by inhibiting Wnt/β-catenin signaling via LEF1 inhibition (11). It was
found that IL-6-OPN-STAT3 signaling pathway involved in inhibiting growth and tumorigenesis capability
by CB in osteosarcoma cells (11). It has also been reported that CB inhibited non-small cell lung cancer
(NSCLC) cells growth and promoted cancer apoptosis by inducing the AKT signaling pathway (12).
However, the mechanism of CB-mediated resistance to lung cancer is poorly understood, so far only a
research has found that CB can non-competitively reverse chemoresistance of cancer cells through
inhibiting the e�ux function of P-gp (13). In this paper, we �rstly found that the CB can inhibit DDP-
resistance of A549 lung cancer cells in vitro and in vivo through inhibiting the PI3K/AKT and MEK/ERK
pathways

2. Materials And Methods

2.1 Cell Culture
The human cancer cell lines A549 and A549/DDP were purchased from the cell bank of the Shanghai
Chinese Academy of Sciences Type Culture Collection Committee, and the cells were placed in a constant
temperature carbon dioxide cell incubator at 37 ℃ and 5% CO2.

2.2 CCK-8 assay
The A549/DDP cells were seeded in a 96-well plate and exposed to CB, DDP, IGF1 and PMA. Cells were
subjected to DDP in group DDP, to CB in group CB, to CB combined with DDP in group CB+DDP, to IGF1
combined with mix drugs (CB+DDP) in group IGF1+CB+DDP and to PMA combined with mix drugs
(CB+DDP) in group PMA+CB+DDP.

The A549/DDP cells were subjected to different concentrations of CB (0, 0.6, 1.2, 2.5, 5, 10 and 20 uM) or
DDP (0, 5, 10, 20, 40, 80, 160 and 320 uM) for 24 h. In the combined group, the concentration of CB was
0.1 uM and that of DDP was 30 uM, the level of IGF1 was 100ng/mL and PMA was 40uM and that of mix
drugs (0.1 uM CB+30 uM DDP). Then add the CCK-8 solution to each well and incubate the plate for
another 4 h, and �nally used the microplate reader to detecte the absorbance at 450 nm and calculated
the cell inhibition rate.

2.3 Flow cytometry analysis
The A549/DDP cells were cultured into 6-well plates and placed in a cell incubator for overnight culture,
and the cells were divided into three or four groups and treated as above. Then digest cells with
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pancreatin (without EDTA) cells. Cells were stained with AnnexinV-APC for 10 minutes and 7-AAD for 5
minutes in the dark, �nally �ow cytometry was used for collection and detection.

2.4 Invasion assay
The A549/DDP cells were cultured into 6-well plates and placed in a cell incubator for overnight culture,
and were allowed to attach overnight in complete growth media. Cells were divided into three groups and
treated as above. Before seeding the cells, the coated Matrigel was spread in the upper chamber. The
lower chamber was �lled with medium containing 10% FBS. Cells were incubated for 24 h at 37°C and
invade through the matrigel. The cells adhering to the lower chamber were �xed with 4%
paraformaldehyde for 30 minutes, stained with 0.5% crystal violet, and �nally photographed with an
inverted microscope.

2.5 qRT-PCR analysis
According to the manufacturer's instructions, TRIzol reagent was used to extract the total RNA in the cell.
The total RNA was then reversely transcribed into cDNA according to the PrimeScript RT Reagent Kit
instructions, and �nally conducted the quantitative real-time polymerase chain reaction (qRT-PCR)
analysis. The PCR primer sequences are as shown in Table 1.

The β-actin was used as internal reference and the 2−△△Ct method was used to analyze the relative
expression levels of target genes.

2.6 Western blot analysis
The A549/DDP cells were cultured into 6-well plates and placed in a cell incubator for overnight culture,
and were allowed to attach overnight in complete growth media. Cells were divided into three groups and
treated as above. Total protein was extracted and was denatered by boiling water for 10 minutes, then
protein concentration was measured by BCA method. Take protein samples for gel electrophoresis, add
primary antibodies and incubated overnight at 4˚C. After washing with PBS, membranes incubate the
secondary antibody at room temperature, and detect the target protein in the gel imaging system after
elution.

2.7 Subcutaneous xenograft assay
A total of 15 male BALB/c nude mice (6-8 weeks, 20-22 g) were housed under speci�c pathogen free
(SPF) conditions. After digestion of A549/DDP cells with trypsin, a cell suspension was prepared with
PBS and cultured into the groin of nude mice. Randomly grouped according to body weight, the
experimental groups were divided into: DMSO group, monotherapy groups (DDP) and a combination
treatment group. After the tumor volume grows to 100-200 mm3, DDP and CB were injected
intraperitoneally at a dose of 5 mg/kg and 3 mg/kg every three days for 51 days, respectively, the tumor
size was measured with a vernier caliper, 51 days after the administration, the nude mice were sacri�ced,
and the tumor tissues were weighed and photographed.

2.8 Immunohistochemistry
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The mouse tissue sections were depara�nized with xylene (twice) for 15 minutes and hydrated with an
alcohol series (100% twice, 90% twice, 80% once). After blocking the sections with 5% BSA, the sections
were incubated with the primary antibody overnight at 4°C. The next day, the sections were incubated
with the secondary antibody at 37°C, and then treated with DAB chromogen and hematoxylin at room
temperature, and �nally observed with an inverted microscope.

2.9 TUNEL assay
TUNEL staining was performed to determine apoptosis in each group following the manufacturer’s
instructions. The sections were depara�nized with xylene and rehydrated using gradient ethanol. The
permeable solution was then added for incubation at 37˚C for 8 min. After rinsing with PBS, mixed
TdT+dUTP were added to the treatment group, dUTP was added to the negative control group, 100 µl
DNase I was added to the positive control group and then incubated at 25˚C for 10 min. The slides were
then rinsed with PBS. The converter-POD was added and incubated at 37˚C for 30 min. After washing
with PBS, the IDAB substrate was applied on the slides and reacted at 25˚C for 10 min. The slides were
then rinsed with PBS. Hematoxylin was added as a counter stain and sealed with neutral gum. The slides
were observed using an optical microscope and the representative images were captured with a digital
camera.

2.10 Statistics analysis.
All data were expressed as mean ±SEM. GraphPad Prism 8.0 software was used for statistical analysis.
Student's T test was used to compare the two groups, and P<0.05 was considered statistically signi�cant.

3. Results

3.1 CB enhanced the inhibitory effect of DDP against
A549/DDP cells
Firstly, the cell viability of A549 and A549/DDP was examined by CCK8 assay in the study. It was found
that DDP induced a signi�cant loss of cell viability on the A549 cancer cells, whose IC50 reached
4.03±0.29 µM (Figure 1A). Then, As shown in Figure 1B and 1C, both CB and DDP exhibited
concentration-dependent inhibitory effects on A549/DDP lung cancer cells, whose IC50 reached
approximately 1.33±0.51 µM and 30.78±0.38 µM, respectively. Moreover, compared to DDP group, the
antigrowth effect of CB on the DDP/A549 cancer cells was much signi�cantly stronger, suggesting
DDP/A549 cells were more sensitive to CB treatment. Furthermore, the combination inhibitory effect of
CB and DDP was further study. As shown in Figure 1D, the value of IC50 of in combination group exhibited
an obvious lower compared with the cells treated with DDP, which revealed that the combination of CB
and DDP could signi�cantly inhibit the viability of DDP/A549 cancer cells.

3.2 CB combined with DDP regulated apoptosis and
invasion of DDP/A549 cancer cells
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Secondly, the synergistic effect of CB and DDP on the growth of DDP/A549 cancer cells related to cell
apoptosis was further studied. As shown in Figure 2A and 2B, compared to DMSO group, the apoptosis
rates were increased in DDP-alone group and combination group. Furthermore, compared to the DDP-
alone group, the combination effect of CB and DDP showed the highest apoptosis rate. It is well known
that Caspase-3, Bcl-2 and Bax have crucial roles in the execution of apoptosis. Therefore, we further study
the expression levels of apoptosis-related proteins by qRT-PCR and western blot. As shown in Figure 2C,
compared to the DMSO group, the cells treated with DDP displayed an obvious increased mRNA
expression of Caspase-3 and Bax, while decreased mRNA expression of Bcl-2. More importantly, these
mRNA expressions of apoptosis-related proteins were further regulated in combination group. (Figure 2C).
Subsequently, the results revealed that the expression level of apoptosis-related proteins was a similar
result in A549/DDP cancer cells (Figure 2D-E). Metastasis is the leading cause of death in lung cancer
patients because of the aggressive ability of cancer cells (14). After 24 h incubation, cells treated with in
DDP or CB united with DDP signi�cantly decreased invasiveness, compared with the DMSO group (Figure
2H). These results demonstrated that CB united with DDP induced apoptosis and suppressed DDP/A549
cancer cells invasion. Furthermore, the expression of resistance-related gene in A549/DDP cells was
performed. As shown in Figure 2C and 2E-G, compared to the control group, the mRNA and protein
expression of the multi-drug resistant protein 1 (MRP1) were downregulated in DDP-alone group and CB
united with DDP group, respectively.

3.3 CB enhances the inhibitory effect of DDP on DDP/A549 cancer cells through PI3K/AKT pathway and
MAPK/ERK pathway

Evidence has revealed that drug resistance is directly involved in regulation of intrinsic pathway or
extrinsic pathway (15). Recent studies revealed the key roles of PI3K/AKT pathway and MAPK/ERK
pathways to chemotherapy resistance (16–19). To explore whether CB affect A549/DDP growth by
PI3K/AKT and MAPK/ERK pathways. After treatment with IGF1 (activator of PI3K/AKT) or PMA (activator
of MAPK/ERK) and mixed drugs (CB+DDP), as shown in Figure 3A-3C, the cell viability and apoptosis rate
of A549/DDP cells were increased and decreased compared with those in the single mixed drug
treatment group, respectively. After pretreatment with IGF1, A549/DDP cells were incubated with the
mixed drugs (CB+DDP). In these cells, the mRNA and protein expressions of P-AKT and P-PI3K were
signi�cantly increased compared with those in the single mixed drug treatment group, and the expression
of P-MEK1/2 and P-ERK1/2 was also changed. Similarly, A549/DDP cells were incubated with PMA and
mixed drugs successively; the expression levels of P-MEK1/2 and P-ERK1/2 were signi�cantly increased
compared to those in the mixed drug treatment group alone. More interestingly, A549/DDP cells were
incubated with IGF1 or PMA, the mRNA and protein expression of the MRP1 were upregulated, suggesting
that PI3K/AKT and MAPK/ERK pathways may be related to MRP1. All data concluded that CB combined
with DDP suppressed A549/DDP cells growth through the PI3K/AKT and MAPK/ERK pathways.

3.4 CB united with DDP inhibits the growth of A549/DDP
cells in vivo
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We further investigated the synergistic effect of in CB and DDP drug combination group in vivo. We
established the subcutaneous ectopic tumor formation model by injecting A549/DDP cells into nude
mice to evaluate the combined anti-tumor effect of CB and DDP. The results showed that compared with
the single drug groups, the lung tumor volume in the combination group was signi�cantly lower, which
suggested CB united with DDP could be an effect strategy for lung cancer treatment (Figure 4A-4B).
Moreover, Immunohistochemical staining indicated that the densities of MRP1, P-MEK1/2 and P-PI3K
were signi�cantly more reduced in the combination group compared with that in single drug groups
(Figure 4C-4D). Furthermore, the results from the TUNEL assay also revealed the apoptosis rates in the
combined drug group were signi�cantly elevated (Figure 4E-4F). All in all, these results indicate that DDP
combined with CB had a good anti-tumor effect in vitro.

4. Discussion And Conclusion
With the rapid development of therapeutic strategies, the prognosis for patients with advanced lung
cancer has been improved, but most patients still are poor mainly due to the rapid progress
chemotherapy-resistance (1, 2). At present, DDP is considered to be a commonly used chemotherapy drug
for lung cancer patients. However, long-term use of DDP will gradually increase the risk of drug resistance
and may have side effects, resulting in reduced therapeutic effects and severely affecting the health of
patients (4, 5). The study found that the 5-year survival rate of lung cancer patients treated with DDP is
only 4–17% (20). At the same time, studies have found that the combination of DDP and other drugs can
signi�cantly reduce drug resistance, indicating that combination drugs may be a potential treatment
strategy to reduce single-drug resistance (21, 22).

According to previous reports, CB has good anti-tumor activity against a variety of cancers, including
gastric cancer, lung cancer, cachexia, breast cancer, osteosarcoma and pancreatic cancer (23). However,
there are rare studies demonstrated that CB against drug-resistant-cancers. In present study, a combined
treatment strategy of CB and DDP to study the synergy of anti-A549/DDP lung cancer cells was
established. The results showed that the cell viability was reduced in combination group, compared with
the A549/DDP cells treated with DDP, which suggested that CB may enhance the sensitivity of A549/DDP
cells to DDP. However, the potential combination mechanism is not yet clear and requires further research.
Further study found that the apoptosis rate of the A549/DDP cells in the combination group was
signi�cantly elevated, suggesting that CB could enhance the apoptosis activity of DDP in A549/DDP
cells. The results of qRT-PCR and western blotting indicated that the ability to increase sensitivity of CB to
the treatment of DDP may be mainly related to elevated apoptosis-related proteins expressions. In
general, tumor cells have greater adaptability to the environment and fortissimo independent survival,
and can in�nitely invade. Our results showed that A549/DDP cells treated with in CB united with DDP
signi�cantly decreased invasiveness, showing that CB united with DDP reduces invasion of lung cancer
cells. It has been reported in the literature that drugs can reverse chemoresistance of cancer cell that
might be related to resistance-related genes, including MRP1. qRT-PCR analysis and western blotting
assay indicated that CB did down-regulate the expression of MRP1 in in A549/DDP cells.
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Obviously, PI3K/AKT and MAPK/ERK pathways are important components that regulate cancer cell
proliferation, migration, and metastasis. In addition, many studies have shown that DDP resistance is
related to altered cancer cell signaling pathways, including PI3K/AKT and MAPK/ERK pathways (24, 25).
Therefore, we investigated whether the effect of CB in promoting DDP sensitivity is related to PI3K/AKT
and MAPK/ERK signaling pathways. In our study, qRT-PCR and western blot assays were performed to
investigated the activity of CB on the levels of the PI3K/AKT and MAPK/ERK pathway-related proteins.
Our data found that CB inhibited AKT, PI3K, MEK1/2 and ERK1/2 in the mRNA and protein levels,
respectively. However, when A549/DDP cells were incubated with PMA or IGF1 and mixed drugs, these
expressions were increased. Moreover, the results showed that inhibition of apoptosis rate was inhibited
by adding PMA or IGF1, suggesting that CB is through PI3K/AKT and MAPK/ERK signaling pathways
sensitized DDP to DDP-resistant A549/DDP cells.

Based on the above in vitro experimental results, we further studied the anti-lung cancer effect of CB
combined with DDP on A549/DDP cells in vivo. The results showed that CB increased the inhibitory effect
of DDP on tumor growth, and the tumor volume was the smallest in combination group. In addition, the
levels of MRP1, P-MEK1/2 and P-PI3K were also the lowest in the combined group. In addition, we proved
that the apoptosis rate was signi�cantly increased after CB and DDP combined treatment. Taken
together, it is concluded that CB signi�cantly enhances the anti-tumor effect of DDP.

In conclusion, we found that CB can increase the sensitivity of chemotherapy-resistant lung cancer cells
to DDP by inhibiting the PI3K/AKT and MAPK/ERK pathways, which may provide a theoretical basis for
the treatment of DDP-resistant lung cancer.
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Figures

Figure 1

CB united with DDP can reduce the cell viability of DDP/A549 lung cancer cells. (A) The cell viability of
A549 cells were detected with different concentrations of DDP for 24h. (B) The cell viability of A549/DDP
cells were detected with different concentrations of CB (C) and DDP for 24h (D). The cell viability of
A549/DDP cells were treated with 0.1 µM CB combined with different concentrations of DDP for 24 h.
Compare DMSO group, *, p < 0.05, **, p < 0.01, ***, p < 0.001
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Figure 2

CB united with DDP increased apoptosis and reduced invasion. (A-B) The apoptosis rate of A549/DDP
cells were treated with 0.1 µM CB combined with 30 µM DDP for 24 h. (C) The mRNA expression of
MRP1, Caspase-3, Bcl-2 and Bax on A549/DDP cells were treated with 0.1 µM CB combined with 30 µM
DDP for 24 h. (D-G) The protein expression of Caspase-3, Bcl-2, Bax and MRP1 on A549/DDP cells were
treated with 0.1 µM CB combined with 30 µM DDP for 48 h. (H) The invasion activity of A549/DDP cells
were treated with 0.1 µM CB combined with 30 µM DDP for 24 h. Compare DMSO group, **, p < 0.01, ***,
p < 0.001; Compare DDP group, #, p < 0.05, ##, p < 0.01.
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Figure 3

CB enhances the inhibitory effect of DDP on DDP/A549 cancer cells through PI3K/AKT pathway and
MAPK/ERK pathway. (A) The cell viability of A549/DDP cells were detected with IGF1or PMA and mixed
drugs (CB+DDP). (B) The apoptosis rate of A549/DDP cells were treated with IGF1or PMA and mixed
drugs (CB+DDP). (C-H) The mRNA and protein expression of P-AKT, P-PI3K, P-MEK1/2, P-ERK1/2 and
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MRP1 on A549/DDP cells were treated with IGF1or PMA and mixed drugs (CB+DDP). Compare DMSO
group, *, p < 0.05, **, p < 0.01, ***, p < 0.001; Compare DDP group, #, p < 0.05, ##, p < 0.01, ###, p < 0.001.

Figure 4

CB united with DDP inhibits the proliferation of A549/DDP cells in vivo. (A) The qualitative images and
quantitative analysis (B) of tumor volumes after the of A549/DDP tumor-bearing mice treated with by CB,
DDP, and combination of CB and DDP. (C-D) The qualitative (C) and quantitative (D) determination of
MRP1, P-MEK1/2 and P-PI3K expression in tumor tissues by immunohistochemical staining. (E-F) The
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qualitative (E) and quantitative (F) determination of apoptosis in tumor tissues. Compare DMSO group,
***, p < 0.001; Compare DDP group, #, p < 0.05, ###, p < 0.001.
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