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| Abstract: B cell leukemia-2 (Bcl-2) plays important roles in the development of tumor and drug resistance. The growth of tumor cells can be inhibited by
downregulating the abnormal expression of Bcl-2 protein. TW37, an effective inhibitor of Bcl-2 protein, has now been widely studied in many tumors. In our
study, it was found that TW37 exerted a significant effect on the proliferation, apoptosis and migration of Non-Small Cell Lung Cancer cells. Bel-2 is also a key
downstream factor of many signaling pathways such as Epidermal Growth Factor Receptor (EGFR). TW37 enhanced the inhibition of tumorigenesis by gefitinib,
an EGFR-Tyrosine Kinase Inhibitor drug. Moreover, TW37 can promote apoptosis ability by inhibiting the phosphorylation level of EGFR protein in H1975 cells.
Overall, TW37 enhances the pro-apoptosis and anti-migration ability of gefitinib in Non-Small Cell Lung Cancer.
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Introduction

Non-Small Cell Lung Cancer (NSCLC) is one of
worldwide malignant tumors with the highest mortality
rate. The overall 5 year survival rate of NSCLC is less
than 15%(1). Since twenty-first century, the lung can-
cer treatment with Epidermal Growth Factor Receptor
- Tyrosine Kinase Inhibitor (EGFR-TKI) has helped the
patients whom traditional chemotherapy cannot cure.
EGFR-TKI drugs, such as gefitinib and Erlotinib, have
been approved by many countries and are widely used
in patients with advanced or refractory NSCLC. Above
10% of patients with NSCLC benefited from the treat-
ment of EGFR-TKI drugs, whose symptoms and sur-
vival time could be improved after failure of chemo-
therapy. In recent years, a large number of clinical data
have shown that EGFR-TKI can significantly prolong
the progression-free survival of sensitive patients with
non-small cell lung cancer, which can reach improve-
ments of 80% in efficiency. However, drug resistance
emerged inevitably about ten months later (2-4), be-
cause T790M mutation in the twentieth exon of EGFR
can prevent the competitive binding of Mg-ATP sites in
the catalytic domain of TKI and EGFR-TK (5-7).

Apoptosis was also known as programmed cell
death. The oncogene B cell leukemia -2 (Bcl-2) can in-
hibit apoptosis, which play an important role in the de-
velopment of NSCLC (8). Recent studies also reported
that the high expression level of Bcl-2 protein was asso-
ciated with the resistance to chemotherapy and radiation
in tumor cells (9). Bel-2 is a key downstream factor in
EGEFR resistance mechanisms, such as T790M mutation

and insplin-like growth factor 1 receptor (IGF-1R) ove-
rexpression. Since 2009, a number of studies have sug-
gested that high expression of Bcl-2 was closely related
to secondary resistance of EGFR-TKI in lung cancer
cell lines (10).

TW37, a gossypol derivative, is considered as an
effective inhibitor of Bcl-2 protein. Gossypol was
firstly studied as a kind of male contraceptive pills in
China. Then it was found that Gossypol has an anti-
cancer effect by inducing apoptosis and inhibiting the
growth of a broad range of tumor cells (11). Gossypol
combined with a variety of chemotherapy drugs can
produce synergistic effect, which improves the effica-
cy and reduces the side effects of chemotherapy drugs
(12). Compared with gossypol, the higher affinity and
selectivity of TW37 for Bel-2 showed significant anti-
proliferative effect on diffuse large cell lymphoma cell
lines obtained from patients with lymphoma, but not
on normal peripheral blood lymphocytes (13). A recent
study found that TW37 can inhibit the growth of breast
cancer cells, pancreatic cancer cells and prostate cancer
cell, through inhibition of Bcl-2 protein and regulation
of several important genes which arrest cells in the S
phase (14,15).

In our study, TW-37 can potently enhance the pro-
apoptosis and anti-migration ability of gefitinib in NS-
CLC by inhibiting the phosphorylation level of EGFR
protein. The combinatory of TW-37 and gefitinib in
NSCLC exhibit high efficiency, which may solve the
bottleneck of EGFR-TKI treatment in NSCLC.
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Materials and Methods

Cell culture and reagents

H1975 cells were grown in RPMI-1640 Medium
(Hyclone, USA) supplemented with 10% Fetal Bovine
Serum (FBS, Gibco, USA), and 1% Penicillin/Strep-
tomycin. Cells were cultured in an incubator with an
atmosphere of 5% CO2 at 37°C. H1975 cells were
cultured in 10-cm dishes and 6-well plates with 70%-
80% confluence. Then they were treated with different
concentrations of TW37 (Selleck Chemicals, USA) and
gefitinib (Selleck Chemicals, USA) in fresh RPMI-1640
containing 10% FBS.

Cell proliferation test

Proliferation of H1975 cells was measured by the
3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (MTT, Sigma Aldrich, St. Louis, Mis-
souri, USA). Cells were seeded into 96-well culture
plate for 24 hours prior to drug treatment. The blank
control was set up with medium only. After 24 hours,
different concentrations of TW37 and gefitinib diluted
by RPMI-1640 containing 10% FBS were added and
cells were incubated. Then 20 pul MTT was added and
cells were incubated in the incubator at 37 °C. Then,
150 pl dimethylsulphoxide (DMSO, Sigma, Shanghai,
China) was added into each well and the plates were
thoroughly mixed for 10 min. The optical density (OD)
was measured by an ELISA microplate reader (Bio-
Rad, Hercules, CA, USA) at 490 nm (with 630 nm as
the reference wave length). Percent of cell prolifera-
tion was calculated by considering 100% growth in the
control group (no drug added). The combination index
(CI) values of TW37 and gefitinib was calculated by
Chou Talalay Formula(16). The CI values resided in the
“nearly additive" range (0.9 < CI < 1.1). Experiments
were repeated at least three times.

Cell wound-healing experiment

For wound-healing experiments, cells were seeded
in 6-well plates (Corning Life Sciences) and grown to
approximately 100% confluence. After scratching with
a sterile 200 pl pipette tip, cells were washed by serum-
deprived RPMI-1640 for three times, and then different
conditioned mediums were added and incubated at 37
°C. Images of cells migration were captured at time
points of 0 and 24 hours by digital camera system. The
software program MIAS-2000 was used to determine
the migration distance. Experiments were run in three
independent repeats and analyzed in a double-blind
fashion by at least two observers.

Apoptosis analysis

The percentage of apoptotic cells was calculated
from the data originating from flow cytometry. PE
Annexin V Apoptosis Detection Kit I (BD pharmin-
gen, USA) was used to identify apoptosis following the
manufacturer’s instructions. H1975 cells were seeded
on 6-well plates and incubated with different concentra-
tions of TW37 and gefitinib (Selleck Chemicals, USA).
Then they were resuspended in binding buffer, mixed
with Annexin V-PE and 7-AAD, and incubated in room
temperature for 10 min. flow cytometry (FCM) was
applied to detect apoptotic cells. The experiments were

repeated at least three times.

Western blotting analysis

HI1975 cells were washed with ice-cold PBS and
lysed in each well of a 6-well plate with 60 ul RIPA So-
lution containing 50 mM Tris (pH 7.4), 150 mM NacCl,
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS,
I mM EDTA and 1 mM PMSF. Lysate was incubated 30
min on ice and centrifuged to remove insoluble mate-
rials (12,000 g for 10 min at 4 °C). The supernatant was
collected for the following experiments. 15 pl lysate
were separated by SDS-PAGE and electro blotted onto
nitrocellulose membrane. The membrane was blocked
by 5% non-fat milk in Triton X-100 (Sigma, USA) /
Tris-buffered saline (TTBS) for two hours at room tem-
perature, then incubated with primary antibody (1:1000
diluted) at 4°C overnight. The primary antibodies inclu-
ding anti-Phospho-EGF Receptor (Tyr1068) and anti-
B-Actin were purchased from Cell Signaling Techno-
logy. Then peroxidase-conjugated secondary antibody
(1:10000 diluted, MBL) was added on the membrane at
room temperature for another 1 hour. The expressions
of related proteins were assessed with ECL reagents
(Pierce Chemical, Rockford, IL) and measured by X-
ray film (Fuji Safelight Glass, Japan).

Statistical analyses

All experiments were carried out in triplicate, and
all data were represented as mean + standard deviation
(SD). Statistical significances between groups were de-
termined by Student's t-test. P values less than 0.05 were
considered statistically significant. One-way ANOVA
was used to analyze multiple comparisons. The 1C50
values of TW37 and gefitinib for inhibition of H1975
cells viability were obtained by linear regression analy-
sis (SPSS version 17.0 software was used).

Results

TW37 cytotoxicity in H1975 cells is dose dependent

It was reported that proliferating endothelial cells are
susceptible to TW37 and suggested that the cytotoxic
effect of TW37 is cell type specific (17). The viability
of H1975 cells treated with TW37 and gefitinib were
examined by MTT assay. As shown in Figure 1, the
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Figure 1. The inhibitory effect of TW-37 and gefitinib on the pro-
liferation ability of NSCLC cell lines. The cell growth curves of
different dose of TW-37 or/and gefitinib was shown in the H1975
cell lines. All data are presented as means + SD for three different

experiments performed in duplicate.
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Table S1. The combination index of different dose TW-37 with

10uM gefitinib.
Gefitinib Dose TW-37 Dose combination
(LM) (uM) index
10.0 5.0 0.97120
10.0 10.0 1.36902
10.0 25.0 1.08011
10.0 50.0 1.03358

proliferation of H1975 cells treated with either TW37
or gefitinib was inhibited in a dose-dependent manner.
IC50 value is the efficient concentration at which the
viability of H1975 cells was inhibited by 50%, and was
gained by interpolation from linear regression analysis.
The IC50s were approximately 25.781 uM, 28.682 uM
for TW37 and gefitinib, respectively. When 10 uM ge-
fitinib and TW37 were both added, the IC50 of H1975
cells decreased prominently to 23.099 uM for TW37.
Moreover, TW37 may have additive effects with gefiti-
nib and play an important role in the proliferation ability
of the H1975 cells (Table S1).

TW37 enhances the apoptosis in H1975 cells

Bcl-2 is a key survival checkpoint factor in the apop-
tosis signaling pathway (18), while small-molecule in-
hibitors of Bcl-2 have been found to induce apoptosis
in tumor cells (19). Therefore, overall growth inhibition
induced by an inhibitor of Bcl-2 may be expected to in-
volve apoptosis. FCM analysis is a sensitive method to
distinguish between the normal cells and the apoptotic
cells, so it was used to elucidate the effect of TW37 on
the apoptosis of H1975 cells in this study. It was obser-
ved that increasing concentrations of TW37 were cor-
related with significantly increased apoptosis of H1975
cells. Similar results were found in the combined treat-
ment with TW37 and gefitinib, which suggested that
TW37 enhance the apoptosis of H1975 cells induced by
gefitinib (Figure 2).

TW37 attenuates migration in H1975 cells
Because the migration of lung cancer cells is neces-
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Figure 2. TW-37 enhances cell apoptosis in the H1975 cells. A,
In situ apoptosis was assessed by Annexi-V/7-AAD staining. B,
The statistical analysis of the data from FCM analysis. Data was
presented as mean + SD. n=3, *, P<0.05. ** P<0.01.

sary in the tumorigenesis process, the effect of TW37 on
H1975 cells migration was investigated by the wound
healing assay. It revealed that TW37 dose-dependently
prevented the migration ability of H1975 cells. What’s
more, the results of wound healing assays showed that
the migration ability of H1975 cells was significantly
decreased in the drug combination group (Figure 3).

High dose of TW37 attenuates apoptosis and migra-
tion of H1975 cells by inactivating the EGFR pa-
thway

Epidermal growth factor receptor (EGFR) is a the-
rapeutic target of EGFR-TKI. The EGFR protein can
be phosphorylated and thereby activated, which partici-
pates in tumor growth, infiltration and metastasis. After
treated with different concentrations of TW37 and gefiti-
nib, the phosphorylation level of EGFR proteins in the
H1975 cells were tested. The results showed that high
dose of TW37 can inhibit the phosphorylation level of
EGFR proteins (Figure 4), which promoted the apopto-
sis and prevented the migration ability in H1975 cells.

Discussion

Gossypol was initially used as a male contraceptive
but was subsequently investigated as a novel antitumor
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Figure 3. TW-37 and gefitinib on the migration ability of the
H1975 cells. A, H1975 cells were divided into several groups:
Control group, TW-37 single groups, gefitinib with TW-37 groups.
In these groups gefitinib was used as 10uM and TW-37 was used
as OuM, 5uM, 10uM, 25uM. B, all data are presented as means
+ SD from three different experiments performed in duplicate. *,
P<0.05; **, P<0.01 versus the control group.

Gefitinib (10pM) -+  + + 4+ - - .
TW37 (uM) 0 0 5 10 25 5 10 25
B- actin B -

Figure 4. TW-37 induces decreased phosphorylation of EGFR.
All experiments were carried out in triplicates and a representative

blot was shown.
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agent. The isopropyl moiety of the gossypol molecule,
like the aldehyde group, is essential for its mechanism of
antifertility(20). Gossypol and its derivatives exert anti-
tumor effects on different cancer types and demonstrate
synergistic effects with other chemo- and radio- thera-
peutic treatments (21). Previous studies indicated that
the expression of Bcl-2, an antiapoptotic protein upre-
gulated in several tumor types, have strong asosiation to
development of resistance to therapy and poor progno-
sis (22-26). TW-37 is a gossypol derivative, which was
originally designed to target the BH3-binding groove
in the Bcl-2 family protein by researchers at University
of Michigan(17). Like other gossypol derivatives lac-
king the essential isopropyl moiety, TW-37 may avoid
the antifertility effect of gossypol and exhibit powerful
anti-tumor effect in many kinds of cancers, however the
underlying mechanisms are still obscure (17,27,28).

According to our results, TW37 can promote its
apoptosis and prevent its migration of the H1975 cells.
It was found that TW-37 significantly inhibited the
viability of H1975 cells in a dose dependent manner.
Further investigations indicated that TW-37 at these
concentrations could also prevent the migration and
apoptosis of the H1975 cells. After H1975 cells were
treated with high concentrations of TW37, the downre-
gulated phosphorylation of EGFR was detected. The
phosphorylated EGFR protein is important for tumor
growth, infiltration and metastasis. When H1975 cells
were treated with low-dose TW37, increased phospho-
rylated EGFR might be due to the negative feedback
loop that contributed to intracellular homeostasis. When
H1975 cells were treated with higher dose of TW37,
however, the balance was broken, and phosphorylated
EGFR was decreased dramatically. Thus, more efforts
are required to investigate possible signaling pathways
which are related with TW37 and tumorigenesis.

The pro-apoptosis ability of gefitinib through its
inhibition of EGFR autophosphorylation has been
confirmed in many tumors. However, T790M muta-
tion of EGFR caused resistance to EGFR-TKI, because
T790M mutation can prevent the competitive binding
of Mg-ATP sites in the catalytic domain (5-7). Bcel-2 is
one of key factors in the life-death balance. Recently,
Bcl-2 proteins have been considered as drug targets in
the design of new anti-tumor therapies. It was observed
that Bcl-2 inhibitors could induce cell death in vitro and
to exhibits potent anti-tumor activity in animal models
of myeloma and leukemia (29). It was shown that gos-
sypol and its derivatives trigger apoptosis through the
canonical intrinsic mitochondrial pathway (30-32).
Recently, it was reported that gossypol also cause au-
tophagy through Atg5 and Beclin-1 in apoptosis-resis-
tant glioma cells (33). Similarly, apogossypolone led to
autophagy in hepatocellular and nasopharyngeal carci-
noma (34,35). In NSCLC, gefitinib with different dose
of TW-37 was added to enhance apoptosis ability. It was
indicated that high dose of TW-37 can inhibit the phos-
phorylation level of EGFR proteins.

In conclusion, TW-37 can potently enhance the pro-
apoptosis and anti-migration ability of gefitinib in NS-
CLC by inhibiting the phosphorylation level of EGFR
proteins. The combinatory use of TW-37 and gefitinib
in NSCLC can exhibit high efficiency, which may pro-
vide a new therapeutic regimen for NSCLC and a new

method against the resistance of EGFR-TKI in the treat-
ment of lung cancer.

Acknowledgements

This work was supported by grants from Shen-
zhen Science and technology innovation com-
mission (Grant No. JCYJ20150403091443290,
JCYJ20150403091443310). This work was sup-
ported by grants from the Natural Science Founda-
tion of Guangdong Province of China (Grant No.
2017A030310641), Medical Scientific Research Foun-
dation of Guangdong Province of China (Grant No.
A2017327). Jixian Liu and Hao Wu designed the expe-
riments; Xiaofan Chen, Yiwang Ye and Xiaoqiang Li
performed experiment; Guangxian Mao and Hua Chen
analyzed the data; Suyue Liu and Sichao Wang wrote
the paper.

Conflict of interest
No potential conflicts of interest are disclosed.

References

1. Yang L, Parkin DM, Li LD, Chen YD and Bray F. Estimation and
projection of the national profile of cancer mortality in China: 1991-
2005. Br J Cancer 2004; 90: 2157-66.

2. Inoue A, Kobayashi K, Maemondo M, Sugawara S, Oizumi S,
Isobe H, et al., Updated overall survival results from a randomized
phase III trial comparing gefitinib with carboplatin-paclitaxel for
chemo-naive non-small cell lung cancer with sensitive EGFR gene
mutations (NEJ002). Ann Oncol 2013; 24: 54-9.

3. Mitsudomi T, Morita S, Yatabe Y, Negoro S, Okamoto I, Tsurutani
J, et al., Gefitinib versus cisplatin plus docetaxel in patients with
non-small-cell lung cancer harbouring mutations of the epidermal
growth factor receptor (WJTOG3405): an open label, randomised
phase 3 trial. Lancet Oncol 2010; 11: 121-8.

4. Sequist LV, Yang JC, Yamamoto N, O'Byrne K, Hirsh V, Mok T,
et al., Phase III study of afatinib or cisplatin plus pemetrexed in pa-
tients with metastatic lung adenocarcinoma with EGFR mutations. J
Clin Oncol 2013; 31: 3327-34.

5. Pao W, Wang TY, Riely GJ, Miller VA, Pan Q, Ladanyi M, et al.,
KRAS mutations and primary resistance of lung adenocarcinomas to
gefitinib or erlotinib. PLoS Med 2005; 2: el7.

6. Kobayashi S, Boggon TJ, Dayaram T, Janne PA, Kocher O,
Meyerson M, et al., EGFR mutation and resistance of non-small-cell
lung cancer to gefitinib. N Engl J Med 2005; 352: 786-92.

7. Inukai M, Toyooka S, Ito S, Asano H, Ichihara S, Soh J, et al.,
Presence of epidermal growth factor receptor gene T790M mutation
as a minor clone in non-small cell lung cancer. Cancer Res 2006;
66: 7854-8.

8. Oltersdorf T, Elmore SW, Shoemaker AR, Armstrong RC, Augeri
DJ, Belli BA, et al., An inhibitor of Bcl-2 family proteins induces
regression of solid tumours. Nature 2005; 435: 677-81.

9. Lee HW, Choi YW, Han JH, Kim JH, Jung JH, Jeong SH, et al.,
Expression of excision repair cross-complementation group 1 pro-
tein predicts poor outcome in advanced non-small cell lung cancer
patients treated with platinum-based doublet chemotherapy. Lung
Cancer 2009; 65: 377-82.

10. Koty PP, Zhang H, Franklin WA, Yousem SA, Landreneau R
and Levitt ML. In vivo expression of p53 and Bcl-2 and their role in
programmed cell death in premalignant and malignant lung lesions.
Lung Cancer 2002; 35: 155-63.

11. Meng Y, LiY, LiJ, Li H, Fu J, Liu Y, et al., (-)Gossypol and its
combination with imatinib induce apoptosis in human chronic mye-

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 4



Xiaofan Chen ef al.

Effect of TW37 in NSCLC Cells apoptosis and migration.

loid leukemic cells. Leuk Lymphoma 2007; 48: 2204-12.

12. Mohammad RM, Wang S, Aboukameel A, Chen B, Wu X, Chen
J, et al., Preclinical studies of a nonpeptidic small-molecule inhibitor
of Bcl-2 and Bcel-X(L) [(-)-gossypol] against diffuse large cell lym-
phoma. Mol Cancer Ther 2005; 4: 13-21.

13. Mohammad RM, Goustin AS, Aboukameel A, Chen B, Banerjee
S, Wang G, et al., Preclinical studies of TW-37, a new nonpeptidic
small-molecule inhibitor of Bcl-2, in diffuse large cell lymphoma
xenograft model reveal drug action on both Bel-2 and Mcl-1. Clin
Cancer Res 2007; 13: 2226-35.

14. Wang Z, Azmi AS, Ahmad A, Banerjee S, Wang S, Sarkar FH, et
al., TW-37, a small-molecule inhibitor of Bcl-2, inhibits cell growth
and induces apoptosis in pancreatic cancer: involvement of Notch-1
signaling pathway. Cancer Res 2009; 69: 2757-65.

15. Ashimori N, Zeitlin BD, Zhang Z, Warner K, Turkienicz IM,
Spalding AC, et al., TW-37, a small-molecule inhibitor of Bcl-2, me-
diates S-phase cell cycle arrest and suppresses head and neck tumor
angiogenesis. Mol Cancer Ther 2009; 8: 893-903.

16. Fang L, Wang H, Zhou L and Yu D. FOXO3a reactivation me-
diates the synergistic cytotoxic effects of rapamycin and cisplatin in
oral squamous cell carcinoma cells. Toxicol Appl Pharmacol 2011;
251: 8-15.

17. Zeitlin BD, Joo E, Dong Z, Warner K, Wang G, Nikolovska-
Coleska Z, et al., Antiangiogenic effect of TW37, a small-molecule
inhibitor of Bcl-2. Cancer Res 2006; 66: 8698-706.

18. Andoniou CE, Andrews DM, Manzur M, Ricciardi-Castagnoli
P and Degli-Esposti MA. A novel checkpoint in the Bcl-2-regulated
apoptotic pathway revealed by murine cytomegalovirus infection of
dendritic cells. J Cell Biol 2004; 166: 827-37.

19. Hu ZY, Zhu XF, Zhong ZD, Sun J, Wang J, Yang D, et al.,
ApoG2, a novel inhibitor of antiapoptotic Bcl-2 family proteins,
induces apoptosis and suppresses tumor growth in nasopharyngeal
carcinoma xenografts. Int J Cancer 2008; 123: 2418-29.

20. Hoffer AP, Agarwal A, Meltzer P, Herlihy P, Naqvi RH, Lind-
berg MC, et al., Ultrastructural, fertility, and spermicidal studies
with isomers and derivatives of gossypol in male hamsters. Biol
Reprod 1987; 37: 909-24.

21. Azmi AS and Mohammad RM. Non-peptidic small molecule
inhibitors against Bcl-2 for cancer therapy. J Cell Physiol 2009; 218:
13-21.

22. Vanasse GJ, Winn RK, Rodov S, Zieske AW, LiJT, Tupper JC, et
al., Bcl-2 overexpression leads to increases in suppressor of cytokine
signaling-3 expression in B cells and de novo follicular lymphoma.
Mol Cancer Res 2004; 2: 620-31.

23. Del Vecchio S, Zannetti A, Aloj L, Caraco C, Ciarmiello A and
Salvatore M. Inhibition of early 99mTc-MIBI uptake by Bcl-2 anti-
apoptotic protein overexpression in untreated breast carcinoma. Eur

J Nucl Med Mol Imaging 2003; 30: 879-87.

24. Badaracco G, Venuti A, Bartolazzi A, Morello R, Marzetti F and
Marcante ML. Overexpression of p53 and bcl-2 proteins and the
presence of HPV infection are independent events in head and neck
cancer. J Oral Pathol Med 2000; 29: 173-9.

25. Grace VM, Shalini JV, lekha TT, Devaraj SN and Devaraj H.
Co-overexpression of p53 and bcl-2 proteins in HPV-induced squa-
mous cell carcinoma of the uterine cervix. Gynecol Oncol 2003; 91:
51-8.

26. Cervero C, Escribano L, San Miguel JF, Diaz-Agustin B, Bravo
P, Villarrubia J, et al., Expression of Bcl-2 by human bone marrow
mast cells and its overexpression in mast cell leukemia. Am J Hema-
tol 1999; 60: 191-5.

27. Wang H, Zhang Z, Wei X and Dai R. Small-molecule inhibitor
of Bel-2 (TW-37) suppresses growth and enhances cisplatin-induced
apoptosis in ovarian cancer cells. J Ovarian Res 2015; 8: 3.

28. Shi X, Dou Y, Zhou K, Huo J, Yang T, Qin T, et al., Targeting
the Bcl-2 family and P-glycoprotein reverses paclitaxel resistance in
human esophageal carcinoma cell line. Biomed Pharmacother 2017;
90: 897-905.

29. LiG, Liu L, Shan C, Cheng Q, Budhraja A, Zhou T, et al., RhoA/
ROCK/PTEN signaling is involved in AT-101-mediated apoptosis in
human leukemia cells in vitro and in vivo. Cell Death Dis 2014; 5:
€998.

30. Sadahira K, Sagawa M, Nakazato T, Uchida H, Ikeda Y, Oka-
moto S, et al., Gossypol induces apoptosis in multiple myeloma cells
by inhibition of interleukin-6 signaling and Bcl-2/Mcl-1 pathway.
Int J Oncol 2014; 45: 2278-86.

31. Balakrishnan K, Wierda WG, Keating MJ and Gandhi V. Gos-
sypol, a BH3 mimetic, induces apoptosis in chronic lymphocytic
leukemia cells. Blood 2008; 112: 1971-80.

32. SunJ, Li ZM, Hu ZY, Lin XB, Zhou NN, Xian LJ, et al., ApoG2
inhibits antiapoptotic Bcl-2 family proteins and induces mitochon-
dria-dependent apoptosis in human lymphoma U937 cells. Antican-
cer Drugs 2008; 19: 967-74.

33. Voss V, Senft C, Lang V, Ronellenfitsch MW, Steinbach JP, Sei-
fert V, et al., The pan-Bcl-2 inhibitor (-)-gossypol triggers autopha-
gic cell death in malignant glioma. Mol Cancer Res 2010; 8: 1002-
16.

34. He JH, Liao XL, Wang W, Li DD, Chen WD, Deng R, et al.,
Apogossypolone, a small-molecule inhibitor of Bcl-2, induces ra-
diosensitization of nasopharyngeal carcinoma cells by stimulating
autophagy. Int J Oncol 2014; 45: 1099-108.

35. Cheng P, Ni Z, Dai X, Wang B, Ding W, Rae Smith A, et al., The
novel BH-3 mimetic apogossypolone induces Beclin-1- and ROS-
mediated autophagy in human hepatocellular carcinoma cells. Cell
Death Dis 2013; 4: €489.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 4

10



