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Background: Phosphatidylinositol 3-kinase/Akt/mammalian target of rapamycin (PI3K/Akt/

mTOR) pathway is a therapy target of cancer. We aimed to confirm the effect of dual PI3K/

mTOR inhibitor NVP-BEZ235 on proliferation, apoptosis, and autophagy of chronic myelog-

enous leukemia (CML) cells and sensitivity of tyrosine kinase inhibitor in vitro.

Methods: Two human CML cell lines, K562 and KBM7R (T315I mutant strain), were used. 

The proliferation of CML cells was detected by MTS (Owen’s reagent) assay. Cell cycle and 

apoptosis assay were examined by flow cytometric analysis. The phosphorylation levels and the 

expression levels were both evaluated by Western blot analysis. NVP-BEZ235 in combination 

with imatinib was also used to reveal the effect on proliferation and apoptosis.

Results: NVP-BEZ235 significantly inhibited the proliferation in a time- and dose-dependent 

manner, and the half-maximal inhibitory concentration values of NVP-BEZ235 inhibiting 

the proliferation of K562 and KBM7R were 0.37±0.21 and 0.43±0.27 μmol/L, respectively, 

after 48  h. Cell apoptosis assay showed that NVP-BEZ235 significantly increased the late 

apoptotic cells. Cell cycle analysis indicated that the cells were mostly arrested in G1/G0 

phase after treatment by NVP-BEZ235. In addition, results also found that, after treatment by 

NVP-BEZ235, phosphorylation levels of Akt kinase and S6K kinase significantly reduced, and 

the expression levels of cleaved caspase-3 significantly increased; meanwhile, the expression 

levels of caspase-3, B-cell lymphoma-2, cyclin D1, and cyclin D2 significantly decreased, and 

the ratio of LC3II/LC3I was significantly increased with increased LC3II expression level. 

Moreover, imatinib in combination with NVP-BEZ235 induced a more pronounced colony 

growth inhibition than imatinib alone.

Conclusion: NVP-BEZ235 effectively inhibited cell proliferation by G0/G1 cell cycle arrest 

and induced apoptosis through deregulating PI3K/Akt/mTOR pathway in CML cells; in addition, 

NVP-BEZ235 can enhance cell autophagy, and is conducive to raising CML cell sensitivity to 

imatinib to inhibit the growth of imatinib-resistant cells.

Keywords: chronic myelogenous leukemia, NVP-BEZ235, phosphatidylinositol 3-kinase/Akt/

mammalian pathway, imatinib, apoptosis, autophagy

Background
Chronic myelogenous leukemia (CML) is a myeloproliferative disorder of hematopoietic 

stem cells, characterized by the presence of the Philadelphia chromosome (Ph),1,2 

and the expression of BCR–ABL fusion oncoprotein. Even though conventional 

chemotherapy kills a majority of CML cells, it does not eliminate CMLs thoroughly. 

Although allogeneic hematopoietic stem cell transplantation (Allo-SCT) can affect a 

radical cure on CML, it suffers from the potential disadvantage of difficulty in finding a 
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suitable donor, as well as a high death risk and a low cure rate. 

Therefore, either conventional chemotherapy or Allo-SCT is 

not the most effective therapeutic schedule.

However, the ABL proto-oncogene (ABL) tyrosine kinase 

inhibitor (TKI) imatinib failed to completely cure all the 

variants that present strong resistance to BCR–ABL-targeting 

medicines because of the survival extension of CML 

patients. Therefore, the second-generation products, such 

as nilotinib, bosutinib, and dasatinib, arise at the historic 

moment for clinical application. Originally, the majority of 

imatinib-resistant or imatinib-intolerant patients responded 

to treatment with these second-generation BCR–ABL 

kinase inhibitors.3 However, therapy with second-generation 

BCR–ABL kinase inhibitors or transplantation is less suc-

cessful in patients with advanced or blast-phase CML than in 

those with chronic phase.4 Furthermore, if quiescent leukemia 

stem cells are not eradicated, current BCR–ABL TKI will not 

cure the disease.5 Alternative treatment modalities, such as 

BCR–ABL-targeting TKIs, combined with tolerated agents 

that target pathways downstream of BCR–ABL could pre-

vent the emergence of resistant clones. Therefore, novel and 

effective treatments are needed to improve clinical outcomes 

in the treatment of CML patients.

The phosphatidylinositol 3-kinase/Akt/mammalian target 

of rapamycin (PI3K/Akt/mTOR) pathway deregulation is a 

common event in human cancer and associated with tumor 

cell proliferation, growth, and apoptosis.6,7 As the PI3K/Akt/

mTOR pathway is highly activated in most human cancers, 

this pathway has become a favorable therapy target of cancer 

currently.7–9 Previously, it was established that the upregu-

lation and activation of PI3K/Akt/mTOR signaling were 

important for conferring a growth advantage to leukemia 

cells, including CML.10 NVP-BEZ235, which is a dual 

inhibitor of PI3K and mTOR, is a synthetic compound of 

belonging to the class of imidazoquinolines, and inhibits 

PI3K and mTOR catalytic activity by competitively binding 

to the ATP-binding cleft.11 Therefore, we speculate that NVP-

BEZ235 may play an inhibitory effect on CMLs for its dual 

inhibitor of PI3K and mTOR, and it has shown antitumor 

activity against various tumor types.

Furthermore, as the PI3K/Akt/mTOR pathway is also 

implicated in the control of autophagy, inhibition of autophagy 

was used as a strategy to enhance the efficacy of PI3K/Akt/

mTOR inhibitors. Therefore, we performed our study using 

two CML cell lines (K562 and KBM7R) to further assess 

and confirm the effects of NVP-BEZ235 on proliferation, 

apoptosis, autophagy, and cell cycle, then discuss the effects 

of NVP-BEZ23 on imatinib.

Materials and methods
Cell lines and reagents
A BCR–ABL-positive cell line K562 was obtained from 

the Institute  of  Hematology of Fujian Province, and cell 

line KBM7R was from Institute of Hematology of Haerbin 

Province. This research had ethical review approval of Ethics 

Committee of the First Hospital of Quanzhou Affiliated 

Fujian Medical University. NVP-BEZ235 and imatinib 

were both purchased from Selleckchem (Houston, TX, 

USA). NVP-BEZ235 was dissolved in dimethylsulfoxide 

(DMSO), and imatinib was dissolved in distilled water prior 

to dilution to the desired concentration in the grown medium. 

Before experiment, NVP-BEZ235 was stored at -20°C. 

In the following experiments, it would be further diluted to 

an appropriate final concentration.

Cell culture and treatment
Cell lines K562 and KBM7R were grown in Roswell Park 

Memorial Institute Medium 1640 supplemented with 10% 

fetal bovine serum (FBS) (Gibco, Waltham, MA, USA) 

and were maintained in a 5% CO
2
 humidified atmosphere 

at 37°C.

Cell proliferation assay
The cells were seeded in 96-well plates at a density of 

2×104 cells/well. The cells were treated with NVP-BEZ235 

at various concentrations for 24 and 48 h. A control group, 

cells incubated with equal volume of DMSO instead of 

NVP-BEZ235, and a zero adjustment group were also 

included. The cell viability and survival from various con-

centrations of NVP-BEZ235 were evaluated using MTS.

Cell apoptosis assay
The cells were seeded in six-well plates with 10% FBS at a 

density of 5×105 cells/well, and, respectively, treated with var-

ious concentrations (0.01, 0.1, 1.0, and 10 μmol/L) of NVP-

BEZ235 for 24 and 48 h. We set the experimental group by 

adding 200 μL suspended cells at a concentration of 5×105/mL  

suspended with 1× binding buffer to a 1.5-mL EP tube, then 

adding 5 μL annexin V fluorescein isothiocyanate (FITC) 

and 5 μL propidium iodide (PI). Meanwhile, the cells incu-

bated with equal volume of DMSO instead of NVP-BEZ235 

were used as control. After incubation period, cells were har-

vested through centrifugation. Subsequently, apoptosis was 

assayed using the FITC annexin V Apoptosis Detection Kit I 

(BD Biosciences, San Jose, CA, USA), following the manu-

facturer’s instructions. The cells were assessed using flow 

cytometric analysis. Viable cells were FITC annexin V and 
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PI-negative cells; cells that were FITC annexin V-positive 

and PI-negative were considered as being in early apoptosis, 

whereas necrotic cells were FITC annexin V-negative/low  

PI-positive; cells that were both FITC annexin V- and  

PI-positive were considered as being in late apoptosis.

Cell cycle analysis
The cells were seeded in six-well plates with 10% FBS at a 

density of 5×105 cells/well, and, respectively, treated with 

various concentrations of NVP-BEZ235 for 24 and 48 h. 

Meanwhile, the cells incubated with equal volume of DMSO 

instead of NVP-BEZ235 were used as control. After incuba-

tion period, cells were harvested through centrifugation and 

washed twice with ice-cold phosphate-buffered saline (PBS). 

Afterwards, the cells were fixed using 1 mL ice-cold PBS 

and 3 mL 70% ethanol at -20°C overnight. After fixation, 

the cells were washed once again with ice-cold PBS, and then 

incubated with 30 μg/mL of PI (Sigma-Aldrich, St Louis, 

MO, USA) and 40 μg/mL of RNase (Sigma-Aldrich) for 

30 min at room temperature in a dark room.

Western blot analysis
The cells were seeded in six-well plates with 10% FBS at 

a density of 5×105 cells/well and, respectively, treated with 

various concentrations of NVP-BEZ235 for 24 and 48 h. 

Meanwhile, the cells incubated with equal volume of DMSO 

instead of NVP-BEZ235 were used as control. Western 

blotting was performed as described previously.12 Briefly, 

after washing twice by PBS, cells were lysed with radio 

immunoprecipitation assay lysis buffer (Solarbio, Beijing, 

China), which contained 1 mmol/L phenylmethanesulfonyl 

fluoride. The protein concentrations of the cell lysates were 

determined using the Enhanced BCA Protein Assay kit 

(Beyotime, Haimen, China). Proteins were separated by 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

and then transferred to nylon membranes. The membranes 

were blocked in tris-buffered saline with Tween 20 (TBS-T) 

buffer solution containing 5% nonfat dry milk at 4°C over-

night, and subsequently washed by TBS-T 3 times. Then 

they were incubated with horseradish peroxidase–conjugated 

secondary antibody (anti-rabbit and anti-mouse) at 37°C for 

2 h, and washed by TBS-T 3 times again. Immunoblotting 

was performed using rabbit polyclonal antibodies against Akt 

(1:100 dilution), phosphorylated Akt (Ser473 or Thr308, 

both 1:100 dilution), extracellular signal-regulated kinase  

(ERK), phosphorylated ERK, STAT5, phosphorylated 

STAT5, B-cell lymphoma-2 (Bcl-2), cleaved caspase-3, 

LC3II/LC3I, and β-actin. All antibodies were purchased 

from Abcam and Santa  Cruz. Band density was imaged 

and the levels of protein expression quantified using 

Molecular Imager VersaDoc MP 4000 system (Bio-Rad) 

after electrochemiluminescence and normalized to the 

β-actin levels. The phosphorylation levels of proteins were 

assessed based on the ratios of phosphorylated proteins to 

the corresponding total proteins.

Statistical analysis
Data for comparison of multiple groups are presented as 

mean ± standard deviation and were analyzed by analysis 

of variance. P,0.05 was considered statistically significant. 

Statistical analyses were performed using SPSS 17.0 software 

(SPSS, Inc., Chicago, USA). Western blotting analyses were 

performed using Quantity one.

Results
NVP-BEZ235 inhibited K562 and KBM7R 
cell proliferation
To examine the inhibitory effect of NVP-BEZ235 on the 

proliferation of CML cells, we evaluated the growth of 

K562 and KBM7R cells before and after NVP-BEZ235. As 

shown in Figure 1A and B, the inhibition rates of two CML 

cell lines were significantly increased with the increasing 

incubation time (24, 48, and 72 h) and concentration (0.01, 

0.10, 0.50, 2.00, 5.00, and 10.00 μM) of NVP-BEZ235 

(P,0.05), indicating that NVP-BEZ235 could inhibit the 

proliferation of CML cells and this antiproliferative effect 

was time and dose dependent. The half-maximal inhibitory 

concentration (IC50) of NVP-BEZ235 was 0.37±0.21 and 

0.43±0.27 μM, respectively.

Cotreatment with NVP-BEZ235 and 
imatinib inhibited the growth of K562 
and KBM7R cells
To examine the inhibitory effect of NVP-BEZ235 and 

imatinib on the proliferation of CML cells, we evaluated the 

cell viability of K562 and KBM7R by treatment with ima-

tinib alone or cotreatment with NVP-BEZ235. As indicated 

in Figure 1C and D, compared to treatment with imatinib 

alone, the cell viability of K562 and KBM7R decreased 

after cotreatment with NVP-BEZ235 (0.2 μM) and imatinib 

(0.01, 0.10, 0.50, 2.00, 5.00, and 10.00 μM) in 48 h. The IC50 

values of imatinib inhibiting growth of K562 before and after 

cotreatment with NVP-BEZ235 (0.2 μM) were 0.14±0.05 and 

0.09±0.04 μM (P,0.05), respectively, in 48 h; meanwhile, 

the IC50 values were 3.93±2.29 and 0.44±0.22 μM (P,0.05), 

respectively, in KBM7R.
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NVP-BEZ235 inhibited PI3K/Akt/mTOR 
pathway in CML cells
Figure 2A showed the Western blotting results. The 

phosphorylation levels of Akt and RPS6K were modestly 

inhibited by NVP-BEZ235 in both K562 and KBM7R 

cells (P,0.05). Moreover, the inhibition effect was signifi-

cantly enhanced with the increasing dose of NVP-BEZ235, 

indicating that this inhibition effect was dose dependent 

(Figure 2B). Meanwhile, we found that there was no sig-

nificant difference in the phosphorylation levels of ABL 

and STAT5, and the expression levels of c-ABL, ERK, and 

STAT5 with increasing dose of NVP-BEZ235.

NVP-BEZ235 induces apoptosis in K562 
and KBM7R cells
We next examined whether NVP-BEZ235 induced apoptosis 

in K562 and KBM7R cells. Both K562 and KBM7R cells were 

incubated for 24 and 48 h with increasing concentrations 

of NVP-BEZ235 (Figures 3 and 4). The percentage of 

apoptotic K562 and KBM7R cells increased in a time- and 

dose-dependent manner after NVP-BEZ235 treatment 

(Figure 3A and B). Moreover, we found that apoptotic cells 

significantly increased by cotreatment with NVP-BEZ235 

and imatinib compared with treatment with NVP-BEZ235 or 

imatinib alone (P,0.05). After being incubated for 24 h with 

increasing concentrations of NVP-BEZ235, the expression 

level of cleaved caspase-3 of K562 (Figure 5A1 and B1) 

and KBM7R (Figure 5A2 and B2) cells both upregulated 

in a time- and dose-dependent manner, while Bcl-2 and 

caspase-3 downregulated with increasing concentrations of 

NVP-BEZ235 in immunoblot analysis (P,0.05).

NVP-BEZ235 induced cell cycle arrest in 
G1/G0 phase in K562 and KBM7R cells
Both CML cells were incubated with 0.5 and 1.0 μM 

of NVP-BEZ235 for 48 h or 1.0 μM of NVP-BEZ235 

for 24 and 48 h. We analyzed cycle distribution by flow 

cytometry (Figure 6C1 and C2), and we found that different 

Figure 1 BEZ235 inhibits the proliferation of CML cells and enhances the sensitivity of imatinib.
Notes: (A) K562 cells were treated with increasing concentrations of BEZ235 for 24, 48, or 72 h and subjected to MTS assay. (B) KBM7R cells were treated with increasing 
concentrations of BEZ235 for 24, 48, or 72 h and subjected to MTS assay. (C) K562 cells were treated with imatinib (0–10 μM) alone or imatinib and BEZ235 (0.2 μM) 
for 48 h and subjected to MTS assay. (D) KBM7R cells were treated with imatinib (0–10 μM) alone or imatinib and BEZ235 (0.2 μM) for 48 h and subjected to MTS assay. 
Mean ± SD. n=3. *P,0.05, compared to the control group. #P,0.05, compared to the group of IM alone.
Abbreviations: IM, imatinib; SD, standard deviation.
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concentrations of NVP-BEZ235 induced cell cycle arrest in 

G1/G0 phase in K562 (Figure 6A1) and KBM7R (Figure 6A2) 

cell lines. Compared with control, K562 and KBM7R cells 

in the G1/G0 phase were significantly increased (P,0.05), 

and in G2/M and S phases were significantly reduced in 

cell cycle test after 48 h treatment by 0.5 or 1.0 μM of 

NVP-BEZ235 (P,0.05). Moreover, compared with cells 

treated with 0.5 μM NVPBEZ235, there were significantly 

Figure 2 Dose-dependent inhibition effect of BEZ235 on the phosphorylation levels of S6K, Akt (Ser473), and BCR–ABL in CML cells. Results of Western blot (A); 
phosphorylation levels of S6K and Akt (Ser473) in K562 (B1) and KBM7R (B2) cells treated with BEZ235 at concentrations of 0 (control), 0.01, 0.1, 1.0, and 10 μM for 
12 h. Mean ± SD. n=3.
Note: *P,0.05, compared to the control group.
Abbreviations: CML, chronic myelogenous leukemia; SD, standard deviation.

Figure 3 Effect of BEZ235 and IM treatment on the apoptosis of K562 (A) and KBM7R (B) cells.
Notes: *P,0.05, compared to control; #P,0.05, compared with the group of BEZ235 4 μM 24 h; $P,0.05 compared with the group of IM 0.5 μM 24 h; and &P,0.05, 
compared with the group of IM 4 μM 24 h.
Abbreviation: IM, imatinib.
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Figure 4 Apoptotic cells of K562 (A) and KBM7R (B) were detected by flow cytometry using annexin V and propidium iodide staining methods after treatment with BEZ235 
and IM. The co-treated group demonstrated a dramatic increase in the percentage of apoptotic cells compared with the groups that were untreated (control), treated with 
IM-alone, or treated with BEZ235-alone.

more cells in G1/G0 phase when cells were treated 

with 1.0 μM NVPBEZ235 (P,0.05). In addition, when 

treated with 1.0 μM of NVP-BEZ235 for 24 and 48 h, cells 

in the G1/G0 phase also significantly increased compared to 

control (P,0.05, Figure 6B1 and B2), and compared with 

cells treated for 24 h, there were significantly more cells in 

G1/G0 phase when treated for 48 h.

Meanwhile, expression levels of related cell cycle regulatory 

proteins cyclin D1 and cyclin D2 of K562 (Figure 7A1 and B1) 

and KBM7R (Figure 7A2 and B2) cells downregulated with 
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increasing concentrations of NVP-BEZ235 for 24 h in the 

immunoblot analysis (P,0.05).

NVP-BEZ235 enhanced the expression 
level of LC3II
Both K562 and KBM7R cells were incubated for 0, 6, 12, 

24, and 48 h with 1.0 μM concentration of NVP-BEZ235 or 

for 24 h with 0, 0.01, 0.1, 1.0, and 10 μM NVP-BEZ235. In 

the immunoblot analysis (Figure 8A and B), we found that 

NVP-BEZ235 increased the expression level of LC3II of 

both CML cells in a time- and dose-dependent manner, and 

also increased the ratio of LC3II/LC3I (P,0.05, Figure 8C 

and D), though there was no obvious enhancement effect of 

NVP-BEZ235 on the expression level of LC3.

Discussion
The PI3K/Akt/mTOR pathway deregulation is a common 

event in human cancer and associated with the tumor cell 

proliferation, growth, and apoptosis.6,7 Till now, it has been 

established that the activation of mTOR was closely related 

with the proliferation, transfer, and differentiation of breast 

cancer cells, lung cancer cells, and leukemia cells.13–16 

Therefore, the targeting of the PI3K/Akt/mTOR signaling 

pathway by specific kinase inhibitors has been the focus of 

extensive treatment for CML cells, and a number of PI3K/

Akt/mTOR signaling inhibitors are under investigation. 

Among these, NVP-BEZ235 has shown antitumor activity 

against various tumor types.17–19

Regarded as one of the most representative cell lines 

in CML research, K562 has been studied frequently. That 

is why we selected K562 cell lines as research subject to 

reveal the effect of NVP-BEZ235 on sensitivity of TKI. 

And for KBM7R (T315I mutant strain), T315I mutant would 

commonly cause ABL kinase domain mutation that could 

lead to TKI resistance, and what is more important, clinical 

scientists were never able to overcome TKI resistance caused 

by T315I mutant so far.

Rapamycin has been shown to be effective in vitro against 

imatinib-resistant CML cells.20 In our study, we found that 

NVP-BEZ235 showed the similar efficacy to rapamycin in 

Figure 5 Effect of BEZ235 on the expression of B-cell lymphoma-2 (Bcl-2), caspase-3, and cleaved caspase-3. K562 (A1) and KBM7R (A2) cells were treated with BEZ235 
for 24 h; total protein lysates were immunoblotted with antibodies for Bcl-2, caspase-3, and cleaved caspase-3. Percentage of apoptotic protein expression of K562 (B1) and 
KBM7R (B2) cells compared to control.
Note: *P,0.05 compared with control.
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Figure 6 (Continued)

inhibiting mTOR pathway of K562,20,21 inducing cell cycle 

arrest in G1/G0 phase in both CML cell lines, which might 

be caused by the inhibition of PI3K/Akt/mTOR pathway by 

decreasing the expression of p-Akt and p-S6K.

However, as rapamycin is just a single inhibitor of 

mTOR, we chose NVP-BEZ235, the dual inhibitor of PI3K 

and mTOR, as investigational drug to study its effect on 

the PI3K/Akt/mTOR pathway of K562 and KBM7R cells. 

The significantly reduced phosphorylation levels of Akt 

and S6K indicated that NVP-BEZ235 worked by inhibiting 

PI3K/Akt/mTOR pathway. NVP-BEZ235 inhibited growth 

of CML cells by inducing cell cycle arrest in G1/G0 phase, 

decreasing expression levels of cyclin D1 and cyclin D2.22 

Moreover, it also induces apoptosis in CML cells by changing 

the expression levels of cleaved caspase-3 and Bcl-2,  

showing a powerful antileukemia activity.13,23,24

The current studies suggested that autophagy was closely 

related with PI3K/Akt/mTOR pathway, especially with 

target point of PI3K and mTOR. Therefore, it is necessary 

to find feasible and effective drug targeting this pathway in 

the clinical treatment of CML cells. The dual inhibitor of 

PI3K and mTOR NVP-BEZ235 inhibits PI3K and mTOR 

catalytic activity, affecting the activity of K562 cell lines 

of autophagy.

We all know that the formation of autophagic vacuole 

is closely related with the modification process of LC3. 

Either the content of LC3II or the ratio of LC3II/LC3I is 

positively correlated with the quantity of autophagic vacuole. 

In this study, treated with different incubation time and 

concentrations of NVP-BEZ235, the increasing tendency of 

the expression levels of LC3II and the ratio of LC3-II/LC3-I 

in CML cells showed a positive role of NVP-BEZ235 in 

autophagy of K562 cells. However, the relation between 

autophagy and apoptosis still remains unclear and needs 

further studies and verification.25–28

Previous studies showed that NVP-BEZ235 in combi-

nation with TKIs is an efficacious treatment of Ph-positive 

leukemia.13,29,30 In this study, NVP-BEZ235 in combination 

with imatinib inhibited the growth of K562 cell line, and it 

even showed great inhibitory effect on the growth of primary 

T315I mutant cells KBM7R. Therefore, NVP-BEZ235 in 

combination with imatinib was contributed to overcoming 

TKI-resistant mutant cells and improving the curative effect 

on CML cells.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1123

Efficacy of NVP-BEZ235 in combination with imatinib against CML cell lines

0
0 50 100 150 200

100

200

C
el

l n
um

be
r

DNA content

Control

300

400

500
G0/G1: 32.74%
G2/M: 14.03%

S: 53.23%

G0/G1: 50.33%
G2/M: 10.31%

S: 39.36%

0
0 50 100 150 200

100

200

DNA content

BEZ235 0.5 µM 48 h

300

400

600

500

0
0 50 100 150 200

200

DNA content

BEZ235 1.0 µM 48 h

400

800

1,000

600

G0/G1: 57.91%

S: 34.51%

0
0 50 100 150 200

100

200

C
el

l n
um

be
r

DNA content

Control

300

400

500
G0/G1: 32.74%
G2/M: 14.03%

S: 53.23%

G0/G1: 46.92%
G2/M: 11.24%

S: 41.84%

0
0 50 100 150 200

100

200

DNA content

BEZ235 1.0 µM 24 h

300

400

500

0
0 50 100 150 200

200

DNA content

BEZ235 1.0 µM 48 h

400

800

1,000

600

G0/G1: 57.91%

S: 34.51%
G2/M: 7.08%

0
0 50 100 150 200

100

200

C
el

l n
um

be
r

DNA content

Control

300

400

500
G0/G1: 34.06%
G2/M: 14.61%

S: 50.79%

G0/G1: 54.12%

S: 38.81%

0
0 50 100 150 200

100

200

DNA content

BEZ235 0.5 µM 48 h

300

400

600

500

0
0 50 100 150 200

200

DNA content

BEZ235 1.0 µM 48 h

400

600

G0/G1: 68.54%

S: 26.12%
G2/M: 7.08% G2/M: 5.33%

0
0 50 100 150 200

100

200

C
el

l n
um

be
r

DNA content

Control

300

400

500
G0/G1: 34.60%
G2/M: 14.61%

S: 50.79%

G0/G1: 57.99%
G2/M: 11.55%

S: 30.46%

0
0 50 100 150 200

100

200

DNA content

BEZ235 1.0 µM 24 h

300

400

600

500

0
0 50 100 150 200

200

DNA content

BEZ235 1.0 µM 48 h

400

600
G0/G1: 68.54%

S: 26.12%
G2/M: 5.33%

G2/M: 7.08%

C1

C2

Figure 6 BEZ235 blocked the cell cycle of K562 and KBM7R cells at the G1/G0 phase. BEZ235 blocked the cell cycle of K562 (A1) and KBM7R (A2) cells at the G1/
G0 phase with increasing concentration; BEZ235 blocked the cell cycle of K562 (B1) and KBM7R (B2) cells at the G1/G0 phase with increasing treatment time; cell cycle 
distributions of K562 (C1) and KBM7R (C2) were analyzed by flow cytometry. Cellular DNA content was determined by staining with a hypotonic propidium iodide solution 
by flow cytometry.
Notes: *P,0.05, compared with the control group; #P,0.05, compared with the group of BEZ235 0.5 μM 48 h; &P,0.05, compared with the group of BEZ235 1.0 μM 24 h.
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β β

Figure 7 Dose-dependent inhibition effect of BEZ235 on the expression levels of cyclin D1 and cyclin D2 in K562 and KBM7R cells. Western blot results of K562 (A1) and 
KBM7R (A2) cells; expression levels of cyclin D1 and cyclin D2 in K562 (B1) and KBM7R (B2) cells treated with BEZ235 at concentrations of 0 (control), 0.01, 0.1, 1.0, 
and 10 μM for 24 h.
Note: *P,0.05, compared to control.

Figure 8 Effect of BEZ235 on autophagy induction.
Notes: (A) The cells were treated with BEZ235 at concentrations of 0, 0.01, 0.1, 1.0, and 10 μM for 24 h, and analyzed for LC3 expression by Western blot analysis. (B) The 
cells were treated with BEZ235 at concentrations of 1.0 μM for 0, 6, 12, 24, and 48 h, and analyzed for LC3 expression by Western blot analysis. (C) Quantification of LC3 
protein expression of (A). (D) Quantification of LC3 protein expression of (B). Mean ± SD. n=3. *P,0.05, compared with the control group.
Abbreviation: SD, standard deviation.

NVP-BEZ235 has also shown in vivo anticancer efficacy 

in models of lung cancer, breast cancer, glioma, and 

myeloma19,26,31,32; thus, we would establish animal models to 

verify the efficacy and reliability of NVP-BEZ235 for CML.

In summary, the experimental data presented in this 

report suggest that NVP-BEZ235, a PI3K/Akt/mTOR 

inhibitor, potentiates imatinib-induced apoptosis of CML 

cells, enhances cell autophagy, and raises CML cell 
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sensitivity to imatinib to inhibit the growth of imatinib-

resistant cells in vitro. This in vitro model will provide 

useful information for development of therapeutic strategies 

against CML cells.
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