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Abstract. – OBJECTIVE: PTEN-PI3K/AKT sig-

naling pathway is widely involved in the regulation of cell proliferation, cell cycle, apoptosis,
and invasion. Resveratrol (Resv) is a natural botanical ingredient involved in several biological
activities. It is still unclear in terms of whether
Resv may exert anti-leukemia effects by regulating the PTEN-PI3K/AKT pathway. This study
investigated the effect of Resv on leukemia cell
proliferation and apoptosis by regulating PTENPI3K/AKT pathway.
PATIENTS AND METHODS: Human normal peripheral blood PBMC cells, and human
acute promyelocytic leukemia (APL) cell line
NB-4 and HL-60 cells were cultured in vitro. Real-time quantitative reverse transcription polymerase chain reaction (qRT-PCR) was used to
detect Phosphatase and tensin homolog (PTEN)
mRNA expression. Western blot was adopted to
test PTEN protein expression. HL-60 and NB-4
cells were treated with 0, 5, 10, and 20 μM Resv,
respectively. Cell proliferation was analyzed by
cell counting kit8 (CCK-8) assay. The level of
caspase-3 was measured by Western blot. HL60 cells were divided into control group, 20 μM
Resv treatment group, and Resv+PTEN inhibitor
SF1670 group. Cell apoptosis was determined by
flow cytometry. Cell proliferation was assessed
by EdU staining.
RESULTS: Compared with peripheral blood
mononuclear cell (PBMC), PTEN mRNA and protein levels were significantly decreased in NB-4
and HL-60 cells. Resv significantly inhibited the
proliferation activity in HL-60 and NB-4 cells, and
increased the activity of caspase-3. Resv treatment up-regulated the expression of PTEN and
reduced the expression of p-AKT protein in HL60 cells. However, Resv treatment markedly suppressed the proliferation of HL-60 and induced
apoptosis. SF1670 treatment in the presence of
Resv significantly antagonized the down-regulation of p-AKT protein expression induced by
Resv, resulting in decreased apoptosis and enhanced cell proliferation.

CONCLUSIONS: Resv can up-regulate PTEN
expression and inhibit the activity of PI3K/AKT
pathway to play an anti-leukemia effect through
suppressing cell proliferation and inducing
apoptosis.
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Introduction
Leukemia is a group of heterogeneous hematopoietic stem cell malignant clonal diseases
caused by the differentiation blockage, apoptosis
suppression, and malignant proliferation of hematopoietic stem/progenitor cell at different stages.
Among them, acute myeloid leukemia ((AML) is
a class of malignant leukemia that originates in
myeloid hematopoietic cells1,2.
Phosphatidylinositol-3 kinase (PI3K)/protein
kinase B (AKT/PKB, protein kinase B) signaling
pathway is widely expressed in a variety of cells
and participates in the regulation of biological processes, such as cell growth, survival, and apoptosis3. It plays a role in promoting a variety of activities related to tumors4-6. Abnormal PI3K/AKT
signaling pathway plays a key regulatory role in
the development, progression, and prognosis of
leukemia, and has become a therapeutic target for
multiple anti-leukemia drugs7-9. The phosphatase
and tensin homologue deleted on chromosome ten
(PTEN) is the only tumor suppressor gene with
the dual activity of protein esterase and phosphatase to date, which can negatively regulate the activity of PI3K/AKT signaling pathway10. It plays
a tumor suppressor role in the occurrence, progression, metastasis, and drug resistance of vari-
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ous tumors, such as breast cancer11, lung cancer12,
esophageal cancer13, and leukemia14,15, etc.
Resveratrol (Resv) is a natural botanical ingredient with many biological activities16-19. It was
shown that Resv regulates the expression and
function of PTEN through a variety of mechanisms. However, it is still unclear whether Resv
may exert anti-leukemia effects by regulating
PTEN-PI3K/AKT pathway20-22. This study investigated the effect of Resv on leukemia cell proliferation and apoptosis.

Materials and Methods
Main Reagents and Materials
Human normal peripheral blood mononuclear cells (PBMCs) were purchased from Beijing
Beina biological Co. (Beijing, China). Leukemia
HL-60 cells were purchased from Nanjing Kezhen biological Co. (Nanjing, China). Leukemia
NB-4 cells were purchased from Shanghai Cell
Bank of Chinese Academy of Sciences (Shanghai,
China). Roswell Park Memorial Institute-1640
(RPMI-1640), Opti-MEM, and fetal bovine serum (FBS) were purchased from Gibco (Grand Island, NY, USA). RNA extraction reagent TRIzol
was purchased from Invitrogen (Beijing, China).
QuantiTect SYBR Green RT-PCR Kit was purchased from Qiagen Sciences Inc (Germantown,
MD, USA). Rabbit anti-human polyclonal PTEN
and β-actin antibodies were purchased from Abcam (Cambridge, MA, USA). Rabbit anti-human
p-AKT monoclonal antibody was purchased from
Cell Signaling Technology, Inc (Danvers, MA,
USA). Goat anti-rabbit HRP-conjugated secondary antibody was purchased from Jackson ImmunoResearch (West Grove, PA, USA). CCK-8,
Annexin V-FITC/PI apoptosis kit, and BCA protein quantification kit were purchased from Beyotime Institute of Biotechnology (Jiangsu, China).
EdU Flow Cytometry Kit was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Resv was
purchased from Sellcek Chemicals (Houston, TX,
United States).
This study has been approved by the Ethical
Committee of Affiliated Hospital of Weifang
Medical College (Shandong, China). All participants have acknowledged this research and have
signed informed consents.
Cell Culture
PBMC, HL-60, and NB-4 cells were cultured
in Roswell Park Memorial Institute-1640 (RP4286

MI-1640) medium containing 10% fetal bovine
serum (FBS) at 5% CO2 and 37°C. The cells in
the log phase were subjected to experiments.
CCK-8 Assay
HL-60 and NB-4 cells were seeded in 96-well
plate at 10000/well and treated by different concentrations (0, 5, 10, 20 μM) of Resv for 48 h.
Next, the cells were added with Cell Counting
Kit-8 (CCK-8) to measure the absorbance value
(A450). Relative viability = (A450 in drug group A450 in blank group)/(A450 in control – A450 in
blank group) ×100%.
Flow Cytometry Detection of HL-60
Cell Proliferation
Cell proliferation was tested by EdU Flow Cytometry Kit. The cells were resuspended in Roswell Park Memorial Institute-1640 (RPMI-1640)
medium containing 10% fetal bovine serum
(FBS). After been incubated in 10 μM EdU at
37°C for 2 h, the cells were seeded in 6-well plate
and divided into three groups, including control
group without special treatment, 20 μM Resv
group that was treated by 20 μM Resv, and Resv
+ PTEN inhibitor SF1670 group that was treated
by 20 μM Resv and 1 μM SF1670. Post incubated for 48 h, the cells were fixed in paraformaldehyde. The cells were then incubated in 100 μL
TritonX-100 at room temperature and in 500 μL
reaction fluid at room temperature under dark for
30 min. At last, the cell was tested on FC500MCL
flow cytometry.
Cell Apoptosis Detection
The cells were digested by enzyme and collected followed by being resuspended in 100 μl
binding buffer. After that, 5 μl Annexin V-FITC
kit and 5 μl PI were added into cells and incubated
at room temperature under dark for 15 min. Then
the cells were tested on flow cytometry.
qRT-PCR
Total RNA was extracted using TRIzol. QuantiTect SYBR Green RT-PCR Kit was used for
qRT-PCR. The PCR reaction system was composed of 10.0 µL 2×QuantiTect SYBR Green
RT-PCR Master Mix, 1.0 µL forward primer (0.5
μmol/L), 1.0 µL reverse primer (0.5 μmol/L), 2.0
µg template RNA, 0.5 μL QuantiTect RT Mix,
and ddH2O. The reaction was performed on BioRad CFX96 at 45°C for 5 min and 94°C for 30 s,
followed by 40 cycles of 95°C for 5 s and 60°C for
30 s. The primer sequences were: PTEN-F-5’-TG-
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G G C C C T G TAC C AT C C C A AG T-3’;
PTEN-R-5’-TGTGGCA ACCACAGCCATCGT-3’;
GAPDH-F-5’-CATGAGAAGTATGACAACAGCCT-3’; GAPDH-R-5’-AGTCCTTCCACGATACCAAAG-3’.
Western Blot
Total protein was extracted from the cells by
radioimmunoprecipitation assay buffer (RIPA
buffer). After quantified by bicinchoninic acid
assay (BCA assay), a total of 40 μg protein was
separated by Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF)
membrane at 250 mA for 100 min. After blocked
by 5% skim milk at room temperature, the membrane was incubated in primary antibody at 4°C
overnight (PTEN, p-AKT, and β-actin at 1:1500,
1:800, and 1:10000, respectively). The membrane
was washed by Phosphate-Buffered Saline with
Tween 20 (PBST), and was then incubated in
horseradish peroxidase (HRP) conjugated secondary antibody at room temperature for 60 min
(1:10000). At last, the membrane was treated by
ECL (enhanced chemiluminescence) reagent and
developed.
Statistical Analysis
SPSS 18.0 software (SPSS inc., Chicago, IL,
USA) was applied for data analysis. Measurement
data was presented as mean ± standard deviation
and compared by the Student t-test or one-way
ANOVA with Bonferroni as post-hoc analysis. p
< 0.05 was depicted as significant difference.

Results
Decreased PTEN Expression in Leukemia
HL-60 and NB-4 Cells
qRT-PCR showed that the expression of PTEN
mRNA in leukemia HL-60 and NB-4 cells was
significantly lower than that in healthy human
PBMC (Figure 1A). Western blot demonstrated
that the expression of PTEN protein in HL-60
and NB-4 cells was obviously lower than that of
PBMC (Figure 1B).
Resv Suppressed HL-60 and NB-4 Cell
Proliferation
CCK-8 exhibited that compared with the control
group, the proliferation activity of HL-60 (Figure
2A) and NB-4 cells (Figure 2B) in Resv treatment
group was markedly reduced in a dose-dependent
manner. It was revealed that compared with the
control group, the activity of caspase-3 in HL-60
(Figure 2C) and NB-4 cells (Figure 2D) of Resv
treatment group was significantly enhanced in a
dose-dependent manner.
Resv Upregulated PTEN Expression
in HL-60 Cells
qRT-PCR showed that the expression of PTEN
mRNA in HL-60 cells of Resv treatment group
was significantly higher than that of the control
group in a dose-dependent manner (Figure 3A).
Western blot observed that compared with the
control group, the expression of PTEN protein in
HL-60 cells was significantly upregulated, while
the expression of p-AKT protein was signifi-

Figure 1. PTEN expression decreased in leukemia HL-60 and NB-4 cells. (A) qRT-PCR detection of PTEN mRNA expression; (B) Western blot detection of PTEN protein expression. *p < 0.05, compared with PBMC.
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Figure 2. Resv suppressed HL-60 and NB-4 cell proliferation. (A) CCK-8 detection of HL-60 cell proliferation; (B) CCK-8
detection of NB-4 cell proliferation; (C) caspase-3 activity in HL-60 cells; (D) caspase-3 activity in NB-4 cells. *p < 0.05,
compared with 0 μM.

cantly declined in the Resv treatment group in a
dose-dependent manner (Figure 3B).
Resv Inhibited HL-60 Cell Proliferation
and Induced Apoptosis via Regulating
PTEN-PI3K/AKT Signaling Pathway
qRT-PCR found that the expression of PTEN
mRNA in HL-60 cells was significantly elevated in the 20 μM Resv-treatment group compared
with the control group. SF1670 treatment did not
affect the expression of PTEN mRNA (Figure
4A). Western blot showed that compared with the
control group, the expression of PTEN protein
was significantly upregulated, whereas the expression of p-AKT protein was markedly declined
in HL-60 cells of Resv treatment group. SF1670
did not affect PTEN protein expression but significantly enhanced p-AKT protein expression
(Figure 4B). Flow cytometry exhibited that 20
μM Resv significantly induced HL-60 cell apoptosis, while SF1670 apparently antagonized the
4288

apoptosis-inducing effect of Resv on HL-60 cells
(Figure 4C). EdU staining observed that HL-60
cell proliferation in the 20 μM Resv treatment
group was significantly weakened compared with
the control group, and SF1670 significantly antagonized the inhibitory effect of Resv on HL-60 cell
proliferation (Figure 4D).

Discussion
Under the stimulation of growth factors, mitogens, and other factors, PI3K can be activated
after conformational changes. Once PI3K/AKT
signaling pathway is activated, PI3K can catalyze
its substrate phosphatidylinositol 4,5-diphosphate
(phosphatidylinositol). 4,5-trisphosphate, (PIP2)
phosphorylation to produces phosphatidylinositol
3,4,5-trisphosphate (PIP3). PIP3 recruits Ser/Thr
protein kinase AKT from the cytoplasm to the
membrane and phosphorylates AKT at Ser473 and
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Thr308 under the action of phosphoinositide-dependent protein kinase (PDK). Phosphorylated
AKT continues to transmit signals downstream
to regulate the expression and function of proteins
that play a key role in cell proliferation, cell cycle,
and apoptosis. Over-activation of PI3K/AKT signaling pathway promotes cell proliferation, migration, invasion, and apoptosis, which is closely related to the development of ovarian cancer4, gastric
cancer5, breast cancer6, and other tumors.
Resv is a natural botanical ingredient with many biological activities. It was found that Resv
has a variety of biological activities and pharmacological effects in regulating lipid metabolism,
inhibiting platelet aggregation, anti-inflammation, anti-tumor, and anti-leukemia16-19. Moreover,
several studies have shown that Resv can regulate
the expression and function of PTEN through a
variety of mechanisms. However, there have been
very few studies20-22 about whether Resv plays a
role in anti-leukemia by regulating PTEN-PI3K/
AKT pathway. This study investigated the effect
of Resv on leukemia cell proliferation and apoptosis as well as on PTEN-PI3K/AKT pathway.
This study showed that compared with human
normal PBMC cells, PTEN mRNA and protein
levels in leukemia HL-60 and NB-4 cells were
significantly decreased, indicating that the reduced expression of the tumor suppressor gene
PTEN may play a role in promoting pathogenesis
of leukemia. Yao et al 23 found that PTEN expression was downregulated in leukemia NB-4 cells.
Wang et al 24 observed that tumor suppressor gene
PTEN expression was significantly reduced in
leukemia HL-60 cells. In this study, the decrease
in the expression of PTEN was associated with

leukemia, which was similar to the results of Yao
et al23 and Wang et al24. CCK-8 assay revealed
that different concentrations of Resv significantly inhibited the proliferation and enhanced
caspase-3 activity of HL-60 and NB-4 cells with
dose dependence. Fan et al25 reported that Resv
obviously induced leukemia NB-4 cell apoptosis
and inhibited cell proliferation. Su et al26 demonstrated that Resv treatment markedly suppressed
the proliferation activity of HL-60 cells. Fan et
al27 reported that Resv promoted leukemia HL60 cell autophagy through LKB1-AMPK-mTOR
pathway and induced cell apoptosis via upregulating Bax/Bcl-2 ratio and activating caspase-8 and
caspase-3. Cakir et al28 exhibited that Resv apparently restrained HL-60 cell proliferation and
promoted cell apoptosis with dose dependence. In
this study, Resv significantly inhibited leukemia
cell proliferation, induced apoptosis, and showed
anti-leukemia effects, which was consistent with
previous studies conducted by Su et al 26, Fan et
al27, and Cakir et al28.
At present, numerous studies found that anti-leukemia drugs can play their roles by regulating PTEN. Yao et al23 observed that PTEN
expression level was significantly reduced in leukemia NB-4 cells. The administration of EGCG
and ARTA could inhibit the activity of AKT by
upregulating PTEN expression to promote cell
myeloid differentiation and attenuate malignancy.
Wang et al24 showed that the decrease of PTEN
expression was related to the malignant biological characteristics of leukemia HL-60 cells. The
administration of carnosic acid (CA) significantly upregulated PTEN expression, inhibited AKT
and ERK2 phosphorylation activities, promoted

Figure 3. Resv upregulated PTEN expression in HL-60 cells. (A) qRT-PCR detection of PTEN mRNA expression in HL-60
cells; (B) Western blot detection of PTEN and p-AKT protein expressions in HL-60 cells. *p < 0.05, compared with 0 μM.
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Figure 4. Resv inhibited HL-60 cell proliferation and induced apoptosis via regulating PTEN-PI3K/AKT signaling pathway.
(A) qRT-PCR detection of PTEN mRNA expression in HL-60 cells; (B) Western blot detection of PTEN and p-AKT protein
expressions in HL-60 cells; (C) flow cytometry detection of cell apoptosis; (D) flow cytometry detection of cell proliferation.
*p < 0.05, compared with Control.

cell apoptosis, inhibited cell proliferation, and arrested cell cycle. Cellai et al29 reported that the
decrease of PTEN expression was related to the
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malignant characteristics of leukemia NB-4 cells.
Treatment with WEB-2170 significantly up-regulated the expression of PTEN, inhibited the phos-
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phorylation activity of AKT and ERK2, inhibited
cell proliferation, and induced cell apoptosis. This
study focused on investigating whether Resv may
exert anti-leukemia effects by regulating PTEN.
It was found that Resv clearly upregulated PTEN
mRNA and protein levels, and suppressed p-AKT
protein expression in HL-60 cells, indicating that
Resv inhibited PI3K/AKT pathway activity by
enhancing PTEN to exert an anti-leukemia effect. Furthermore, it was showed that treatment
with PTEN inhibitor SF1670 on the basis of Resv
can antagonize the down-regulation of p-AKT
protein, enhance cell proliferation and decrease
apoptosis induced by Resv, thus attenuating the
anti-leukemia effect of Resv. It was suggested
that the anti-leukemia effect of Resv is exerted
through the PTEN-PI3K/AKT pathway. Jing et
al20 found that Resv can significantly upregulate
the expression and function of PTEN, inhibit the
activity of PI3K/AKT pathway, arrest cell cycle
arrest, restrained cell proliferation, and attenuated
cell malignancy of gastric cancer MGC803 cells.
Dhar et al 21 revealed that Resv exerts anti-prostate
cancer function by increasing PTEN expression,
inhibiting AKT activity, reducing prostate cancer
cell proliferation, and suppressing tumorigenicity
in animals. This study revealed that Resv inhibited cell proliferation and promoted apoptosis by
regulating the activity of the PTEN-PI3K/AKT
pathway. However, whether Resv plays a role in
regulating PTEN-PI3K/AKT pathway activity
and anti-leukemia effect in vivo still remains unclear and requires further investigations.

Conclusions
We revealed that Resv can up-regulate PTEN
expression and inhibit the activity of PI3K/AKT
pathway to play an anti-leukemia effect by suppressing cell proliferation and inducing apoptosis.
Conflict of interest
The authors declare no conflicts of interest.

References
1) McCurdy SR, L evis MJ. Emerging molecular predictive and prognostic factors in acute myeloid leukemia. Leuk Lymphoma 2017: 1-19.
2) Yang D, Zhang X, Xu Y. The progress and current
status of immunotherapy in acute myeloid leukemia. Ann Hematol 2017; 96: 1965-1982.

3) Oudit GY, Sun H, Kerfant BG, Crackower MA, Penninger JM, Backx PH. The role of phosphoinositide-3
kinase and PTEN in cardiovascular physiology and
disease. J Mol Cell Cardiol 2004; 37: 449-471.
4) L iu Z, Zhang S, Hou F, Zhang C, G ao J, Wang K.
Inhibition of Ca2+ -activated chloride channel
ANO1 suppresses ovarian cancer through inactivating PI3K/Akt signaling. Int J Cancer 2019; 144:
2215-2226.
5) Zhao H, Xu J, Wang Y, Jiang R, L i X, Zhang L, Che
Y. Knockdown of CEACAM19 suppresses human
gastric cancer through inhibition of PI3K/Akt and
NF-κB. Surg Oncol 2018; 27: 495-502.
6) Zhou J, Pei Y, Chen G, C ao C, L iu J, Ding C, Wang
D, Sun L, Xu P, Niu G. Spc24 regulates breast cancer progression by pi3k/akt signaling. Gene 2018;
675: 272-277.
7) Zheng Q, Peng X, Yu H. Local anesthetic drug inhibits growth and survival in chronic myeloid leukemia through suppressing pi3k/akt/mtor. Am J
Med Sci 2018; 355: 266-273.
8) Pei R, Si T, Lu Y, Zhou JX, Jiang L. Salvianolic acid a,
a novel pi3k/akt inhibitor, induces cell apoptosis
and suppresses tumor growth in acute myeloid
leukemia. Leuk Lymphoma 2018; 59: 1959-1967.
9) Yang T, Yao S, Zhang X, Guo Y. Andrographolide inhibits growth of human t-cell acute lymphoblastic
leukemia jurkat cells by downregulation of pi3k/
akt and upregulation of p38 mapk pathways. Drug
Des Devel Ther 2016; 10: 1389-1397.
10) Shi B, Deng W, Long X, Zhao R, Wang Y, Chen W, Xu
G, Sheng J, Wang D, C ao S. Mir-21 increases c-kit+
cardiac stem cell proliferation in vitro through
pten/pi3k/akt signaling. PeerJ 2017; 5: e2859.
11) L i N, Miao Y, Shan Y, L iu B, L i Y, Zhao L, Jia L. Mir106b and mir-93 regulate cell progression by suppression of pten via pi3k/akt pathway in breast
cancer. Cell Death Dis 2017; 8: e2796.
12) Han Z, Zhou X, L i S, Qin Y, Chen Y, L iu H. Inhibition
of mir-23a increases the sensitivity of lung cancer
stem cells to erlotinib through pten/pi3k/akt pathway. Oncol Rep 2017; 38: 3064-3070.
13) Wu YR, Qi HJ, Deng DF, Luo YY, Yang SL. Microrna-21 promotes cell proliferation, migration, and
resistance to apoptosis through pten/pi3k/akt
signaling pathway in esophageal cancer. Tumour
Biol 2016; 37: 12061-12070.
14) Chen Y, Wang T, Du J, L i Y, Wang X, Zhou Y, Yu X,
Fan W, Zhu Q, Tong X, Wang Y. The critical role
of pten/pi3k/akt signaling pathway in shikonin-induced apoptosis and proliferation inhibition of
chronic myeloid leukemia. Cell Physiol Biochem
2018; 47: 981-993.
15) Huang FF, Wu DS, Zhang L, Yu YH, Yuan XY, L i WJ,
Chen XP, Zhao XL, Chen FP, Zeng H. Inactivation
of pten increases abcg2 expression and the side
population through the pi3k/akt pathway in adult
acute leukemia. Cancer Lett 2013; 336: 96-105.
16) Elshaer M, Chen Y, Wang XJ, Tang X. Resveratrol:
an overview of its anti-cancer mechanisms. Life
Sci 2018; 207: 340-349.

4291

J. Meng, G.-J. Liu, J.-Y. Song, L. Chen, A.-H. Wang, X.-X. Gao, Z.-J. Wang
17) Frazzi R, Guardi M. Cellular and molecular targets
of resveratrol on lymphoma and leukemia cells.
Molecules 2017; 22(6). pii: E885.
18) de Sa Coutinho D, Pacheco MT, Frozza RL, Bernardi A.
Anti-inflammatory effects of resveratrol: mechanistic
insights. Int J Mol Sci 2018 Jun 20;19(6). pii: E1812.
19) Xie HC, Han HP, Chen Z, He JP. A study on the effect of resveratrol on lipid metabolism in hyperlipidemic mice. Afr J Tradit Complement Altern Med
2014; 11: 209-212.
20) Jing X, Cheng W, Wang S, L i P, He L. Resveratrol
induces cell cycle arrest in human gastric cancer
mgc803 cells via the pten-regulated pi3k/akt signaling pathway. Oncol Rep 2016; 35: 472-478.
21) Dhar S, Kumar A, L i K, Tzivion G, L evenson AS.
Resveratrol regulates pten/akt pathway through
inhibition of mta1/hdac unit of the nurd complex
in prostate cancer. Biochim Biophys Acta 2015;
1853: 265-275.
22) Ingles M, G ambini J, Miguel MG, Bonet-Costa V,
A bdelaziz KM, El A lami M, Vina J, Borras C. Pten
mediates the antioxidant effect of resveratrol at
nutritionally relevant concentrations. Biomed Res
Int 2014; 2014: 580852.
23)	Yao S, Zhong L, Chen M, Zhao Y, L i L, L iu L, Xu T, Xiao
C, Gan L, Shan Z, L iu B. Epigallocatechin-3-gallate
promotes all-trans retinoic acid-induced maturation of acute promyelocytic leukemia cells via
pten. Int J Oncol 2017; 51: 899-906.

4292

24)	Wang R, Cong WH, Guo G, L i XX, Chen XL, Yu XN,
L i H. Synergism between carnosic acid and arsenic trioxide on induction of acute myeloid leukemia cell apoptosis is associated with modulation
of pten/akt signaling pathway. Chin J Integr Med
2012; 18: 934-941.
25)	Fan Y, Chen M, Meng J, Yu L, Tu Y, Wan L, Fang
K, Zhu W. Arsenic trioxide and resveratrol show
synergistic anti-leukemia activity and neutralized
cardiotoxicity. PLoS One 2014; 9: e105890.
26) Su YC, L i SC, Wu YC, Wang LM, Chao KS, L iao HF.
Resveratrol downregulates interleukin-6-stimulated sonic hedgehog signaling in human acute
myeloid leukemia. Evid Based Complement Alternat Med 2013; 2013: 547430.
27) Fan Y, Chiu JF, L iu J, Deng Y, Xu C, Zhang J, L i G.
Resveratrol induces autophagy-dependent apoptosis in hl-60 cells. BMC Cancer 2018; 18: 581.
28) C akir Z, Saydam G, Sahin F, Baran Y. The roles of
bioactive sphingolipids in resveratrol-induced
apoptosis in hl60: acute myeloid leukemia cells. J
Cancer Res Clin Oncol 2011; 137: 279-286.
29) Cellai C, L aurenzana A, Bianchi E, Sdelci S, M anfred ini R, Vannucchi AM, C aporale R, Balliu M, M annelli
F, Ferrari S, Bosi A, Miniati D, Cocco PL, Veronneau
S, Stankova J, Paoletti F. Mechanistic insight into
web-2170-induced apoptosis in human acute
myelogenous leukemia cells: the crucial role of
PTEN. Exp Hematol 2009; 37: 1176-1185.

