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Abstract: In recent years, the anti-tumor effect of panax notoginseng saponins (PNS) has been widely acknowledged
by multiple in vivo and in vitro experiments. However, few studies have focused on the effect of PNS on chronic
myeloid leukemia cells. In this study, we mainly explored the effect of PNS on K562 cell apoptosis and autophagy,
thereby exploring its potential application in the treatment of chronic myeloid leukemia (CML) in clinic. Firstly, we
found that PNS suppressed K562 cell viability in a time- and dose-dependent manner. Then, Hoechst staining
and Annexin V-PI stainning showed that PNS significantly induced K562 cells apoptosis. Meanwhile, western blot
analysis indicated enhanced expression of cleaved-caspase-3 and Bax after PNS treatment. Further study showed
that PNS treatment increased K562 cell autophagy. We also found the reduced levels of p210, and phosphorylated
PI3K, Akt, mTOR, p70S6K, 4E-BP1 as well as enhanced Beclinl and LC3Il expression after PNS treatment. More
importantly, our data showed that overexpression of p210 could significantly abolish PNS-induced suppression of
PI3K/Akt/mTOR signaling. In summary, PNS induced K562 cell apoptosis and autophagy mainly by suppressing

p210/PI3K/Akt/mTOR signaling, which may shed light on the treatment of CML.
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Introduction

Chronic myeloid leukemia (CML) is a malig-
nant hematopoietic disease. Epidemiological
survey shows that the global incidence of CML
is about 1/10 million, accounting for about
20% of leukemia [1, 2]. The incidence of CML is
increased with age [3]. At present, the clinical
treatment of CML includes hematopoietic stem
cell transplantation and the use of hydroxyurea,
a-interferon drug therapy, etc. [4-6]. With the
in-depth study of the pathogenesis, tyrosine
Kinase inhibitors has been widely used in clini-
cal, which greatly enhance the treatment of
CML [1, 7]. However, the treatment of CML in
patients with blast crisis and Philadelphia ch-
romosome-negative is still not optimistic [8, 9].
Therefore, the search for new strategies for the
treatment of CML is still an important goal of
CML research.

The hallmark of CML is closely related to the
presence of Philadelphia chromosome, its re-

sultant fusion transcript (BCR-ABL1), and fu-
sion protein (p210) [10, 11]. It is suggested
that the survival of CML patients can be mark-
edly improved with the application of tyrosine
kinase inhibitors which lead to long-term he-
matologic remissions [12]. P210 protein has
strong tyrosine protein kinase activity, which
can promote the activation of PI3K/Akt/mTOR,
Ras/MAPK, Jun/STAT5 and other signal path-
ways, thereby promoting the proliferation of
cancer cells, inhibiting its apoptosis and cell
cycle [9, 13]. Thus, it is of great importance to
suppress the expression of p210 in the pro-
gression of CML.

At present, the traditional Chinese medicine
ingredients have made great progress in the
screening of anti-tumor effective drugs [14].
Panax notoginseng saponins (PNS) is the main
pharmacologically active ingredient of Panax
notoginseng [15]. The anti-tumor effect of PNS
has been widely acknowledged by multiple in
vivo and in vitro experiments [16, 17]. Studies
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Figure 1. PNS reduced K562 cell viability in a time- and dose-dependent manner. A. MTT assay showed that 20 nM
PNS suppressed K562 cell viability at 24, 48, 72 h, respectively. B. K562 cell viability was suppressed by PNS at the
dose of 5 nM, 20 nM, 100 nM, respectively. *p < 0.05, **p < 0.01.

have found that PNS can promote tumor cell
death and apoptosis, inhibit cell proliferation,
and can effectively impede tumor cell metasta-
sis [18, 19]. For instance, PNS can significantly
inhibit the proliferation of colon cancer and
the migration of breast cancer cells [18, 19].
However, there are few studies in the effect of
PNS on chronic myeloid leukemia cells. In this
study, we used K562 cells as the in vitro model
and explored the effect of PNS on K562 cell
proliferation, apoptosis, and autophagy, there-
by exploring its potential application in the
treatment of CML in clinic.

Materials and methods
Cell culture

K562 cells were cultured in RPMI-1640 supple-
mented with 10% (v/v) Horse serum (Atlanta
Biolabs), 100 units/ml penicillin, and 100 ug/
ml streptomycin (Life Technologies, Inc.), at
37°Cin a humidified atmosphere with 5% CO,,.

MTT assay

To explore the effect of PNS on cell viability,
5,000 cells per well in a 100 pl medium were
seeded in 96-well plates and treated with PNS
(20 nM) or DMSO (20 nM) for 12 h, 24 h, 48 h
and 72 h, respectively or treated with 1 nM, 5
nM, 20 nM, 100 nM PNS for 48 h. After treat-
ment, 20 ul of the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) reagent
(Solarbio, China) was added to wells and were
incubated with the cells for 4 h. After removing
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the medium, the blue formazan was dissolved
with 200 pl dimethyl sulfoxide (DMSO) and the
absorbance was measured at 550 nm. Wells
containing only K562 cells served as blanks.

Western blot

Proteins were extracted from K562 cells with
RIPA buffer (1% TritonX-100, 150 mmol/L NaCl,
5 mmol/L EDTA, and 10 mmol/L Tris-HCI (pH
7.0)) (Solarbio, China) supplemented with a pro-
tease inhibitor cocktail (Sigma). The cell lysates
were separated by 10% SDS-PAGE and trans-
ferred electrophoretically onto PVDF mem-
branes. After blocking with 8% milk in PBS (pH
7.5), the membranes were incubated with the
following specific primary antibodies overnight:
anti-p210, anti-cleaved-caspase-3, anti-bcl-2,
anti-bax, anti-mTOR, anti-p70, anti-LC3, ant-
p62 and anti-B-actin (CST). The appropriate
HRP-conjugated anti-rabbit IgG secondary anti-
body (Abmart, all at 1:5000) was subsequently
applied, and immunodetection was performed
using the ECL Plus detection system (Millipore)
according to the manufacturer’s instructions.
B-actin was used as the internal control.

Annexin V-PI staining

To quantify apoptotic cells, flow cytometry was
performed with an Annexin V-fluorescein-5-
isothiocyanate apoptosis detection kit (Bio-
vision, USA). After treament with 20 nM PNS or
DMSO for 48 h, K562 cells were harvested in a
5 ml tube. Then, the cells were washed with
cold PBS and resuspended at a final concentra-
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Figure 2. PNS led to apoptosis in K562 cells. A. Hoechst staining showed that PNS treatment significantly induced
nuclear condensation and lysis in K562 cells compared with that of control. B. Flow cytometry analysis also indi-
cated that cell apoptosis was increased by more than 35.6% after PNS treatment in K562 cells. C. The expression
of cleaved-caspase-3 and Bax was significantly enhanced, but the protein level of Bcl-2 was markedly reduced. *p

<0.05, **p < 0.01.

tion of 1 x 10° cells/ml. FITC-Annexin V (5 ul)
and propidium iodide were gently mixed and
incubated with the cells for 15 min at a room
temperature. After incubation, the samples
were analyzed by flow cytometry within 1 h.

Hoechst staining

K562 cells were cultured in 6-well plates. After
48 h treatment with PNS or DMSO, cells were
washed with PBS and stained with Hoechst
33258 (10 ug/ml) for 5 min before being wa-
shed three times with PBS.

GFP-LC3 transfection

K562 cells were seeded at a density of 5 x 10°
cells/well in 6-well plates. After 24 h, a GFP-
LC3 expressing plasmid was transfected into
cells using Lipofectamine 2000 Reagent (In-
vitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Twenty-four hours
post-transfection, cells were treated with 10
UM vehicle or cisplatin and incubated for 16
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hours. Then, GFP-LC3-positive dots were count-
ed under a confocal laser microscope, LSM700
(Carl Zeiss, Jena, Germany).

Transmission microscopy

Cell pellets were fixed in 2.3% glutaralde-
hyde, postfixed in 2% osmium tetroxide and
0.5% uranyl acetate, dehydrated and embed-
ded in Spurs epoxy resin. Ultrathin sections
(90 nm) were made and double-stained with
uranyl acetate and lead citrate, and viewed
with a Philips CM10 transmission electron
microscope (Phillips Electronics, Amsterdam,
the Netherlands).

Transient transfection

Before transfection, 1 x 105 cells per well were
seeded in a 6-well plate with 2 ml RPMI-1640
culture medium containing serum and anti-
biotics. Meanwhile, a plasmid overexpressing
p210, or negative control (pNC) (Genepharma)
was pre-incubated with HiPerFect transfection
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Figure 3. PNS inactivates mTOR signaling and increases K562 cell autophagy. A. GFP-LC3 transfection assay indi-
cated the enhanced cell autophagy in K562 cells after PNS treatment. B. Transmission microscopy also indicated
that PNS treatment significantly increased cell autophagy. C. Western blot analysis showed that PNS significantly
suppressed the activation of mTOR, p70S6K and 4E-BP1. *p < 0.05, **p < 0.01.

reagent (QIAGEN) at room temperature for 10
min. The complex was then transfected into the
K562 cells at a final concentration of 50 nM.
The transfected cells were incubated under
normal growth conditions for another 48 h.

Statistical analysis

Data were presented as mean * SE from 3
independent experiments. Statistical analysis
was carried out with Student’s t test. P < 0.05
was considered as statistically significant dif-
ference.

Results

PNS decreases K562 cell viability in a time-
and dose-dependent manner

Firstly, we evaluated the role of PNS on K562
cell viability. MTT assay showed that 20 nM
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PNS suppressed K562 cell viability at 24, 48,
72 h, respectively (Figure 1A). Furthermore, our
data also indicated that K562 cell viability was
suppressed by PNS at the dose of 5 nM, 20 nM,
100 nM, respectively (Figure 1B). These data
indicated that PNS reduced K562 cell viability
in a time- and dose-dependent manner.

PNS induces K562 cell apoptosis

Furthermore, Hoechst staining showed that
PNS treatment significantly induced nuclear
condensation and lysis in K562 cells compared
with that of control (Figure 2A). Flow cytometry
analysis also indicated that cell apoptosis was
increased by more than 35.6% after PNS treat-
ment in K562 cells (Figure 2B). Western blot
analysis also demonstrated that the expression
of cleaved-caspase-3 and Bax was significantly
enhanced, but the protein level of Bcl-2 was
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Figure 4. PNS suppresses PI3K/Akt/ ¥

mTOR signaling mainly by suppressing
p210 expression. *p < 0.05, **p < 0.01.

markedly reduced (Figure 2C). These results
indicated the pro-apoptotic role of PNS in K562
cells.

PNS inactivates mTOR signaling and increases
K562 cell autophagy

Next, GFP-LC3 transfection assay indicated the
enhanced cell autophagy in K562 cells after
PNS treatment (Figure 3A). Meanwhile, trans-
mission microscopy also indicated that PNS
treatment significantly increased cell autopha-
gy in contrast with that of control (Figure 3B).
Then, we analyzed the expression of mTOR sig-
naling. As shown in Figure 3C, the phosphoryla-
tion levels of mTOR, p70S6K and 4E-BP1, were
markedly suppressed. In contrast, the protein
levels of Beclinl and the ratio between LC3ll/
LC3I were significantly increased after PNS
treatment (Figure 3C). These data indicated
that PNS induced K562 cell autophagy mainly
by activating mTOR signaling.
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PNS suppresses PI3BK/Akt/mTOR sigaling
mainly by suppressing p210 expression

Then, we tried to elucidate whether PNS could
regulate the expression of p210, which was
suggested to activate PI3K/Akt/mTOR in the
progression of CML. Western blot analysis de-
monstrated the expression of p210 was mark-
edly suppressed by PNS treatment. Further-
more, a plasmide overexpressing p210 was
applied to explore whether it could abolish
PNS-induced suppression of PI3K/Akt/mTOR
signaling. Our data showed that upregulation
of p210 could markedly reverse PNS-induced
PI3K/Akt/mTOR inactivation (Figure 4). These
data suggested that PNS suppressed the pro-
gression of CML mainly by targeting p210.

Discussion

Philadelphia chromosome positive (Ph+) CML
is a common malignant clonal disorder of he-
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matopoietic stem cells which is induced by
the oncogenic Bcr-Abl tyrosine kinase [20]. In
recent years, the application of tyrosine kinase
inhibitors in CML treatment has been greatly
improved [21, 22]. However, due to drug resis-
tance inuced by the Ber-Abl kinase mutation, it
invariably relapses for most patients ceasing
tyrosine kinase inhibitor therapy [23]. Thus, for
these patients, they have to be treated with
more complicated chemotherapy regimen, su-
ch as cytarabine, daunorubicin or doxorubicin
[24, 25]. However, these chemotherapy drugs
are with obvious side effects to kill normal tis-
sue cells, thereby decreasing the immune func-
tion [26]. Therefore, searching for novel therapy
to treat CML is still the research goal of CML.

Increasing evidence has indicated the key role
of effective components isolated from tradi-
tional Chinese medicine in the treatment of
malignant leukemia cancer [27]. In the current
study, we mainly explored the role of PNS on
CML cell proliferation. MTT assay indicated that
PNS suppressed K562 cell viability in time- and
dose-dependent manner. We also found that
cell apoptosis was significantly induced after
PNS treatment. In the normal status, caspase-3
usually exists in the form of proactive cas-
pase-3, and its activation is achieved by cleav-
age of small fragments thereby leading to cell
apoptosis [28]. Here, we found that the cleaved
caspase-3 protein was increased in K562 cells
after PNS, which further validated the proapop-
totic effect of PNS on K562 cells.

Although autophagy is well identified in various
diseases, the specific mechanism of autophagy
in disease is still not well characterized. In
some circumstances, it may suppress the pro-
gression of multiple diseases, including athero-
sclerosis, cancer, and neurodegenerative dis-
eases [29]. However, in other situations, au-
tophagy may prompt the development of a dis-
ease [30, 31]. Moreover, it is suggested that
autophagy dysfunction is tightly related to tu-
morigenesis and can affect the cancer cell pro-
liferation, cell cycle and apoptosis [32]. Thus,
we evaluated the role of PNS on K562 cell
autophagy. Our data showed that treatment
with 20 nM PNS in K562 cells significantly
induced K562 cell autophagy. According to our
data, we propose that PNS could both induce
K562 cell apoptosis and authopahgy, thereby
suppressing carcinogenesis.
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Then, we explored the specific mechanism in
which PNS induced K562 cell autophagy and
apoptosis. It is extensively studied that mTOR
signaling pathway can regulate cell prolifera-
tion, apoptosis, and autophagy in the process
of tumor development [33]. In addition, mTOR
signaling pathway is found to be overactivated
in the Bcr/Abl-positive cell lines [34, 35]. Th-
us, we evaluated whether PNS induced K562
cell autophagy by modulating mTOR signaling.
Western blot analysis indicated that the activa-
tion of mTOR signaling was significantly sup-
pressed after PNS treatment. In contrast, the
expression of Beclinl and LC3Il was markedly
enhanced by PNS treatment. These data indi-
cated that PNS-induced K562 cell autophagy
is correlated with the inhibition of mTOR sig-
naling.

Ber-Abl fusion results from reciprocal translo-
cation of chromosomes 9 and 22, and it leads
to the expression of a tyrosine kinase protein
p210 (bcr/abl), which then prompts the malig-
nancy of CML through activating several sur-
vival pathways and inducing therapeutic resis-
tance [36]. Thus, we evaluated the role of PNS
on the expression of p210 and our data showed
that PNS suppressed the expression of p210.
More importantly, overexpressing of p210 sig-
nificantly abolished PNS-induced PI3K/Akt/
mTOR inactivation. These data suggested that
PNS suppressed the progression of CML mainly
by inhibiting p210.

In conclusion, for the first time, we showed that
PNS could suppress the expression of p210 in
CML cells, thereby suppressing mTOR signal-
ing, which then triggers CML cell apoptosis and
autophagy. These data validated the anti-tumor
effects of PNS, which may shed light on the
clinical treatment of CML.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Jie Li, Hongqi
Hospital of Mudanjiang Medical College, 3 Tong-
xiang Road, Aimin District, Mudanjiang City, 157-
011, Heilongjiang Province, P. R. China. Tel: +86-
453-6582800; Fax: +86-453-6580005; E-mail:
lijie1501@163.com

References

[1] Deng YY, Wu W, and Zhang PA. [Aberrant ex-
pression Notchl and Asb2 mRNA in bone mar-

Int J Clin Exp Med 2017;10(9):13397-13404



(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

PNS improves CML by inducing cell apoptosis and autophagy

row from patients with P210(+) chronic my-
eloid leukemia]. Zhongguo Shi Yan Xue Ye Xue
Za Zhi 2016; 24: 667-671.

Al-Achkar W, Moassass F, Youssef N, and Wafa
A. Correlation of p210 BCR-ABL transcript vari-
ants with clinical, parameters and disease out-
come in 45 chronic myeloid leukemia patients.
J BUON 2016; 21: 444-449.

Bansal P, Ghalaut VS, Sharma TK, Ghalaut PS,
Dokwal S, Ghalaut R, Kulshrestha M, and Da-
hiya K. Status of leptin in MBCR-ABL p210
positive chronic myeloid leukemia patients be-
fore and after imatinib therapy: a conflicting
scenario. Clin Lab 2014; 60: 1845-1852.
Bocchia M. Is there any role left for p210-de-
rived peptide vaccines in chronic myeloid leu-
kemia? Haematologica 2002; 87: 675-677.
Chang YC, Tien SC, Tien HF, Zhang H, Bokoch
GM, and Chang ZF. p210 (Bcr-Abl) desensitizes
Cdc42 GTPase signaling for SDF-1alpha-direct-
ed migration in chronic myeloid leukemia cells.
Oncogene 2009; 28: 4105-4115.

Dass J, Jain S, Tyagi S, and Sazawal S. Chronic
myeloid leukemia with p210 BCR-ABL and
monocytosis. Leuk Lymphoma 2011; 52:
1380-1381.

Junmei Z, Fengkuan Y, Yongping S, Baijun F,
Yuzhang L, Lina L, and Qinglan Z. Coexistence
of P190 and P210 BCR/ABL transcripts in
chronic myeloid leukemia blast crisis resistant
to imatinib. Springerplus 2015; 4: 170.
Knuutila S, Lindlof M, Kovanen PE, Ramqvist T,
Ruutu T, and Andersson LC. Philadelphia chro-
mosome as the sole abnormality and p210
bcr-abl chimeric protein expression in an Ep-
stein-Barr virus-transformed B cell line from a
patient with chronic myeloid leukemia. Acta
Haematol 1993; 90: 190-194.

QinY, Lin Z, Cen J, Li X, Li Q, Cheng H, Geng S,
Wang Y, Ma D, Qiao C, Li J, Li L, and Huang X.
[A multicenter study on the validation of con-
version factor for the conversion of BCR-ABL
(P210) transcript levels to the international
scale in chronic myeloid leukemia]. Zhonghua
Xue Ye Xue Za Zhi 2014; 35: 134-137.

Li S, llaria RL Jr, Million RP, Daley GQ, and Van
Etten RA. The P190, P210, and P230 forms of
the BCR/ABL oncogene induce a similar chron-
ic myeloid leukemia-like syndrome in mice but
have different lymphoid leukemogenic activity.
J Exp Med 1999; 189: 1399-1412.

Pane F, Mostarda |, Selleri C, Salzano R, Raiola
AM, Luciano L, Saglio G, Rotoli B, and Salva-
tore F. BCR/ABL mRNA and the P210 (BCR/
ABL) protein are downmodulated by interferon-
alpha in chronic myeloid leukemia patients.
Blood 1999; 94: 2200-2207.

Thomas EK, Cancelas JA, Zheng Y, and Wil-
liams DA. Rac GTPases as key regulators

13403

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

of p210-BCR-ABL-dependent leukemogenesis.
Leukemia 2008; 22: 898-904.

Serrano J, Roman J, Sanchez J, Jimenez A, Cas-
tillejo JA, Herrera C, Gonzalez MG, Reina L, Ro-
driguez MC, Alvarez MA, Maldonado J, and Tor-
res A. Molecular analysis of lineage-specific
chimerism and minimal residual disease by
RT-PCR of p210 (BCR-ABL) and p190 (BCR-
ABL) after allogeneic bone marrow transplan-
tation for chronic myeloid leukemia: increas-
ing mixed myeloid chimerism and p190 (BCR-
ABL) detection precede cytogenetic relapse.
Blood 2000; 95: 2659-2665.

Li Y, Zhang Y, and Zhu CY. Pharmacokinetics
and correlation between in vitro release and
in vivo absorption of bio-adhesive pellets of
panax notoginseng saponins. Chin J Nat Med
2017; 15: 142-151.

Chang C, Chen SS, Yang HT, and Zheng HS.
[Optimization of formulation of panax notogin-
seng saponins transfersomes]. Zhong Yao Cai
2015; 38: 2602-2605.

Ding RB, Tian K, Cao YW, Bao JL, Wang M, He
C, Hu Y, Su H, and Wan JB. Protective effect of
panax notoginseng saponins on acute ethanol-
induced liver injury is associated with amelio-
rating hepatic lipid accumulation and reducing
ethanol-mediated oxidative stress. J Agric Food
Chem 2015; 63: 2413-2422.

Du YG, Wang LP, Qian JW, Zhang KN, and Chai
KF. Panax notoginseng saponins protect kid-
ney from diabetes by up-regulating silent infor-
mation regulator 1 and activating antioxidant
proteins in rats. Chin J Integr Med 2016; 22:
910-917.

Wang CZ, Luo X, Zhang B, Song WX, Ni M, Me-
hendale S, Xie JT, Aung HH, He TC, and Yuan
CS. Notoginseng enhances anti-cancer effect
of 5-fluorouracil on human colorectal cancer
cells. Cancer Chemother Pharmacol 2007; 60:
69-79.

Wang P, Cui J, Du X, Yang Q, Jia C, Xiong M, Yu
X, Li L, Wang W, Chen Y, and Zhang T. Panax
notoginseng saponins (PNS) inhibits breast
cancer metastasis. J Ethnopharmacol 2014;
154: 663-671.

Hehimann R. Research in the heart of hema-
tology: chronic myeloid leukemia 2017. Hae-
matologica 2017; 102: 418-421.

Krishna P, Sarvagalla S, Madhuri B, Pajanirad-
je S, Baskaran V, Coumar MS, and Baskaran R.
Identification of natural inhibitors of Ber-Abl for
the treatment of chronic myeloid leukemia.
Chem Biol Drug Des 2017; 90: 596-608.
Rajala HL, Missiry ME, Ruusila A, Koskenvesa
P, Brummendorf TH, Gjertsen BT, Janssen J,
Lotfi K, Markevarn B, Olsson-Stromberg U,
Stenke L, Stentoft J, Richter J, Hjorth-Hansen
H, Kreutzman A, and Mustjoki S. Tyrosine ki-

Int J Clin Exp Med 2017;10(9):13397-13404



(23]

[24]

[25]

[26]

[27]

(28]

PNS improves CML by inducing cell apoptosis and autophagy

nase inhibitor therapy-induced changes in hu-
moral immunity in patients with chronic my-
eloid leukemia. J Cancer Res Clin Oncol 2017;
143: 1543-1554.

Carvalho FR, Zuckermann J, Paz A, Fischer G,
Daudt LE, Rigoni LD, Silla L, Fogliatto L, de Cas-
tro SM, and Pilger DA. Characterization of pa-
tients with chronic myeloid leukemia unre-
sponsive to tyrosine kinase inhibitors who
underwent allogeneic hematopoietic stem cell
transplantation. Int J Hematol Oncol Stem Cell
Res 2017; 11: 30-36.

Arya D, Sachithanandan SP, Ross C, Palako-
deti D, Li S, and Krishna S. MiRNA182 regu-
lates percentage of myeloid and erythroid cells
in chronic myeloid leukemia. Cell Death Dis
2017; 8: e2547.

Baccarani M. Treatment-free remission in ch-
ronic myeloid leukemia: floating between ex-
pectation and evidence. Leukemia 2017; 31:
1015-1016.

Behera B, Kumari R, Manobalan K, Thappa
DM, Basu D, and Patel BK. Leukemia cutis pre-
senting as scaly plaques in a Christmas tree
distribution in a patient with atypical chronic
myeloid leukemia. Indian J Dermatol Venereol
Leprol 2017; 83: 236-238.

Fan JS, Liu DN, Huang G, Xu ZZ, Jia Y, Zhang
HG, Li XH, and He FT. Panax notoginseng sapo-
nins attenuate atherosclerosis via reciprocal
regulation of lipid metabolism and inflamma-
tion by inducing liver X receptor alpha expres-
sion. J Ethnopharmacol 2012; 142: 732-738.
Yang BR, Cheung KK, Zhou X, Xie RF, Cheng PP,
Wu S, Zhou ZY, Tang JY, Hoi PM, Wang YH, and
Lee SM. Amelioration of acute myocardial in-
farction by saponins from flower buds of Panax
notoginseng via pro-angiogenesis and anti-
apoptosis. J Ethnopharmacol 2016; 181: 50-
58.

13404

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

Gewirtz DA. The four faces of autophagy: impli-
cations for cancer therapy. Cancer Res 2014;
74: 647-651.

Hu YL, Jahangiri A, Delay M, and Aghi MK. Tu-
mor cell autophagy as an adaptive response
mediating resistance to treatments such as
antiangiogenic therapy. Cancer Res 2012; 72:
4294-4299.

Hu YL, Jahangiri A, De Lay M, and Aghi MK.
Hypoxia-induced tumor cell autophagy medi-
ates resistance to anti-angiogenic therapy. Au-
tophagy 2012; 8: 979-981.

Mizushima N, Levine B, Cuervo AM, and Klion-
sky DJ. Autophagy fights disease through cel-
lular self-digestion. Nature 2008; 451: 1069-
1075.

Li Q, Huang Z, Gao M, Cao W, Xiao Q, Luo H,
and Feng W. Blockade of Y177 and nuclear
translocation of Bcr-Abl inhibits proliferation
and promotes apoptosis in chronic myeloid
leukemia cells. Int J Mol Sci 2017; 18.

Neri LM, Cani A, Martelli AM, Simioni C, Jung-
hanss C, Tabellini G, Ricci F, Tazzari PL, Paglia-
ro P, McCubrey JA, and Capitani S. Targeting
the PI3K/Akt/mTOR signaling pathway in B-
precursor acute lymphoblastic leukemia and
its therapeutic potential. Leukemia 2014; 28:
739-748.

Reikvam H, Nepstad |, Bruserud O, and Hat-
field KJ. Pharmacological targeting of the
PI3BK/mTOR pathway alters the release of an-
gioregulatory mediators both from primary hu-
man acute myeloid leukemia cells and their
neighboring stromal cells. Oncotarget 2013; 4:
830-843.

Roy M, Sarkar R, Mukherjee A, and Mukherjee
S. Inhibition of crosstalk between Bcr-Abl and
PKC signaling by PEITC, augments imatinib
sensitivity in chronic myelogenous leukemia
cells. Chem Biol Interact 2015; 242: 195-201.

Int J Clin Exp Med 2017;10(9):13397-13404



