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Honokiol induces cell cycle arrest and apoptosis via p53 
activation in H4 human neuroglioma cells
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Abstract: Objective: To investigate the signal pathway of honokiol-induced apoptosis in H4 human neuroglioma cells 
and to evaluate whether p53 signaling and cell cycle arrest were involved in honokiol-treated H4 human neuroglio-
ma cells. Methods: The cell viability was detected by the CCK8 assay. The cell apoptosis was assessed by annexin 
V-PI double-labeling staining and hoechst 33342 staining. The protein expression of cell cycle regulators and tumor 
suppressors were analyzed by western blotting. Results: Treatment of H4 human neuroglioma cells with honokiol 
induced cell death in a dose-and time-dependent manner by using CCK8 assay. Consistent with the CCK8 assay, the 
flow cytometry results showed that the proportion of the apoptosis cells increased after honokiol when compared 
with untreated group. Moreover, H4 human neuroglioma cells exposed to honokiol, resulted in an accumulation of 
cells in S and G2/M phase. Apoptotic bodies were clearly observed in human neuroglioma cells when treated with 
honokiol and then stained with Hoechst 33342. The expression of Cyclin B1, CDC2 and cdc25C were downregu-
lated, however, the expression of p-CDC2 and p-cdc25c was significantly upregulated when the neuroglioma cells 
were exposed to honokiol. Moreover, p53, p21 and Bax/Bcl-2 were significantly upregulated by honokiol treatment. 
Conclusions: These results confirmed that honokiol could induce apoptosis in human neuroglioma cells, the under-
lying molecular mechanisms, at least partially, through activation p53 signaling and induction of cell cycle arrest.
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Introduction

Honokiol is a biphenolic phytochemical extract-
ed from the bark and/or seed cones of Magnolia 
plants. The crude extracts have been exten-
sively used in the traditional herbal medicines 
in China [1]. Individual constituents of Magnolia 
have been reported by many investigators to 
have anti-cancer effects [2]. Honokiol, a small 
molecular weight natural product isolated and 
purified from the Magnolia officinalis, has been 
shown to possess potent anti-oxidation [3], 
anti-inflammatory [4], ameliorate body fat accu-
mulation and insulin resistance [5], anti-neo-
plastic [6, 7] and anti-angiogenic properties [1, 
8, 9]. Functional studies reveal that honokiol 
can induce cell apoptosis in human chondro-
sarcoma cells in vitro and reduce tumor volume 
in vivo [9]. Moreover, honokiol significantly 
inhibit cyclosporine A-induced and Ras-

mediated survival of renal cancer cells through 
the down-regulations of vascular endothelial 
growth factor (VEGF) and cytoprotective enzyme 
HO-1 [10]. Interestingly, honokiol analogs show 
much higher growth inhibitory activity in A549 
human lung cancer cells and significant 
increase of cell population in the G0/G1 phase 
[11]. In human glioblastoma cell, honokiol 
induces cell apoptosis through upregulation 
intracellular [Ca2+] [6]. Moreover, honokiol inhib-
its U87MG human glioblastoma cell invasion 
through endothelial cells by regulating mem-
brane permeability and the epithelial-mesen-
chymal transition [12]. Moreover, honokiol may 
serve to augment T cell-mediated cancer immu-
notherapy through inhibition of PI3K/mTOR 
pathway and immunoresistance in glioma, 
breast and prostate carcinoma [13]. However, 
the pharmacological functions of honokiol are 
rarely conducted in human neuroglioma cell 
growth and anti-cancer efficacy.
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Cell cycle control is the major regulatory mech-
anisms of cell growth, and achieving cell cycle 
control is an ultimate goal in the treatment of 
diseases characterized by uncontrolled cell 
proliferation [14]. Cell division cycle 2 (CDC2)  
is always overexpressed in malignant glioma 
cells and is correlated with chemosensitivity. 
Knockdown of CDC2 expression inhibits prolif-
eration, enhances apoptosis, and increases 
chemosensitivity to temozolomide in glioblas-
toma cells [15]. The phosphorylation of cdc25C, 
a cycle regulatory protein, is involved in arrest-
ing effect of glioblastoma cells on the cell cycle 
at G2/M phase [16]. Interestingly, inhibition of 
Hsp90 function by ansamycins causes down-
regulation of CDC2 and cdc25C and G2/M 
arrest in glioblastoma cell lines [17]. Moreover, 
activation of p53, a tumor suppressor protein, 
is involved in the regulation of cell cycle arrest 
and apoptosis [18]. The p53 protein normally 
responds to different forms of cellular stress by 
binding the consensus sites of target genes, 
such as p21CIP1 and pro-apoptotic Bax protein, 
that inhibit cell cycle progression and trigger 
apoptotic cell death, respectively [19, 20]. In 
U87 and U251 human glioma cell lines, activat-
ing p53 signaling pathway inhibits glioma cell 
growth in vitro and in vivo by targeting epider-
mal growth factor [21, 22]. According to recent 
reports, honokiol was able to induce cell cycle 
arrest and cell apoptosis [23, 24], suggesting a 
strong possibility that it could be an effective 
drug for the treatment of pancreatic cancer and 
breast cancer, including neuroglioma.

In the present study, we demonstrated in H4 
human neuroglioma cell that honokiol induced 
cell death through activation p21/p53 and sup-
pression CDC2/cdc25C signaling. These data 
suggested that honokiol might be an effective 
adjuvant therapy drug for patients with 
neuroglioma.

Materials and methods

Cell culture

The H4 human neuroglioma cells were obtain- 
ed from the Chinese Academy of Sciences 
(Institute of Shanghai Cell Biology and Chinese 
Type Culture Collection, China), and maintained 
in DMEM (Dulbecco’s modified Eagle’s medium; 
Invitrogen), supplemented with 10% fetal bo- 
vine serum (FBS) (HyClone, Logan, UT) at 37°C 
in a humidified, 5% CO2, 95% air atmosphere. 

The medium was replenished every day. 
Confluent cells were treated with various con-
centrations of honokiol (0-50 μM).

Cell viability detection by CCK8

The H4 human neuroglioma cells (1.0 × 104/
well) were plated and treated in 96-well plates 
(three wells per group) with honokiol (0-50 mg/
mL) for 24 or 48, respectively. 10 μL of CCK8 
(Dojindo, Kumamoto, Japan) was added to the 
cells, and the viability of the cells was mea-
sured at 490 nm using an ELISA reader (BioTek, 
Winooski, VT, USA) according to the manufac-
turer’s instructions.

Quantification of apoptosis by flow cytometry

Apoptosis was assessed using annexin V, a pro-
tein that binds to phosphatidylserine (PS) resi-
dues which are exposed on the cell surface of 
apoptotic cells. Cells were treated with vehicle 
or honokiol for indicated time intervals. After 
treatment, cells were washed twice with PBS 
(pH = 7.4), and re-suspended in staining buffer 
containing 1 μg/ml PI and 0.025 μg/ml annexin 
V-FITC. Double-labeling was performed at room 
temperature for 10 min in the dark before  
the flow cytometric analysis. The H4 human 
neuroglioma cells were immediately analyzed 
using FACScan and the Cellquest program. 
Quantitative assessment of apoptotic cells was 
also assessed by the terminal deoxynucleotidyl 
transferase-mediated deoxyuridine triphos-
phate nick end labeling (TUNEL) method, which 
examines DNA-strand breaks during apoptosis 
by using BD ApoAlertTM DNA Fragmentation 
Assay Kit. Briefly, the H4 human neuroglioma 
cells were incubated with honokiol. The H4 
human neuroglioma cells were trypsinized, 
fixed with 4% paraformaldehyde, and permea-
bilized with 0.1% Triton-X-100 in 0.1% sodium 
citrate. After being washed, the H4 human neu-
roglioma cells were incubated with the reaction 
mixture for 60 min at 37°C. The stained cells 
were then analyzed with flow cytometer (FC500, 
Beckman Coulter, FL, USA).

Cell cycle assays

The H4 human neuroglioma cells (1.0 × 106/
well) were plated and treated in 6-well plates 
(three wells per group) with vehicle, DMSO or 
honokiol (10 μM) for 48 h. After treatment with 
honokiol, the cells were harvested and subject-
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ed to the following assays. For the cell cycle 
assay, the cells were washed twice with ice cold 
PBS, fixed in 70% ethanol at 4°C overnight, 
incubated with 10 mg/mL Rnase A (Sigma-
Aldrich) at 37°C for 30 min, and then incubated 
with 50 mg/mL propidium iodide (Sigma-
Aldrich). Cell cycle distribution was assessed by 
flow cytometry (FC500, Beckman Coulter, FL, 
USA).

Hoechst 33342 staining analysis

The H4 human neuroglioma cells were seeded 
into 6-well plates, and then treated with vehi-
cle, DMSO or honokiol (10 μM) for 48 h, stained 
with 0.1 μg/ml hoechst 33342 (Sigma) for 5 
min, then observed by fluorescence microsco-
py using appropriate filters for blue fluore- 
scence.

Western blotting

The H4 human neuroglioma cells were homog-
enized and extracted in NP-40 buffer, followed 
by 5-10 min boiling and centrifugation to obtain 
the supernatant. Samples containing 50 μg of 
protein were separated on 10% SDS-PAGE gel, 
transferred to nitrocellulose membranes (Bio-
Rad Laboratories, Hercules, CA, USA). After 
saturation with 5% (w/v) non-fat dry milk in TBS 
and 0.1% (w/v) Tween 20 (TBST), the mem-
branes were incubated with the following anti-
bodies: p53, p21, Bax, Bcl-2, CDC2, P-CDC2, 
cdc25C and P-cdc25C (Santa Cruz Biotech- 
nology, CA, USA), at dilutions ranging from 
1:500 to 1:2,000 at 4°C over-night. After three 
washes with TBST, membranes were incubated 

with secondary immunoglobulins (Igs) conju-
gated to IRDye 800CW Infrared Dye (LI-COR), 
including donkey anti-goat IgG and donkey anti-
mouse IgG at a dilution of 1:10,000-1:20,000. 
After 1 hour incubation at 37°C, membranes 
were washed three times with TBST. Blots were 
visualized by the Odyssey Infrared Imaging 
System (LI-COR Biotechnology). Signals were 
densitometrically assessed (Odyssey Applica- 
tion Software version 3.0) and normalized to 
the β-actin signals to correct for unequal load-
ing using the mouse monoclonal anti-β-actin 
antibody (Bioworld Technology, USA).

Statistical analysis

The data from these experiments were report-
ed as mean ± standard errors of mean (SEM) 
for each group. All statistical analyses were 
performed by using PRISM version 4.0 
(GraphPad). Inter-group differences were ana-
lyzed by one-way ANOVA, and followed by 
Tukey’s multiple comparison test as a post test 
to compare the group means if overall P < 0.05. 
Differences with P value of < 0.05 were consid-
ered statistically significant.

Results

Cell growth inhibition

The H4 human neuroglioma cell viability was 
measured when cells were exposed to various 
concentrations of honokiol (0-50 μM) for 24 h 
and 48 h. Treatment of H4 human neuroglioma 
cell with honokiol induced cell growth inhibition 
in a dose-dependent manner by using CCK8 

Figure 1. Effect of honokiol on the cell viability. The cell viability was examined by CCK8 assay when the H4 human 
neuroglioma cells were incubated with various concentrations of honokiol (0-50 μM) for 24 h and 48 h (A). Cells 
were incubated with honokiol (10 μM) for 0, 6, 12, 24, 36 and 48 h, and the cell viability was examined by CCK8 
assay (B). Values are expressed as mean ± SEM, n = 3 in each group.
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assay. As shown in Figure 1A, the concentra-
tions at which honokiol inhibited cell growth by 
50% (IC50) was 30 μM for 24 h. The IC50 was 
10 μM when the cells were exposed to honokiol 
for 48 h. To evaluate the time-dependent effect 
of honokiol on the cell viability, the cells were 
exposed to 10 μM honokiol for various times. 
As shown in Figure 1B, the cell viability was sig-
nificantly decreased with increasing durations.

Effects of honokiol on cell apoptosis and cell 
cycle arrest

We next investigated whether honokiol induced 
cell death through an apoptotic mechanism. 
Annexin V-PI double-labeling was used for the 
detection of PS externalization, a hallmark of 
early phase of apoptosis. Consistent with the 
CCK8 assay, the results showed that growth 
inhibition was accompanied with an increasing 
in apoptotic cells, as determined by flow cytom-

etry. The proportion of apoptosis cells increased 
after honokiol treatment as compared with con-
trol group (Figure 2A and 2B). To gain insights 
into the mechanism of the anti-proliferative 
activity of honokiol, its effect on cell-cycle dis-
tribution was determined via a flow cytometry 
assay. As shown in Figure 2C, the H4 human 
neuroglioma cells exposed to honokiol for 48 h 
resulted in an accumulation of cells in S and 
G2/M phase. As shown in Figure 3, apoptotic 
bodies were clearly observed in H4 human neu-
roglioma cells that had been treated with 
honokiol for 48 h and then stained with Hoechst 
33342. These results were consistent with the 
Annexin V assay and cell cycle analysis, and 
confirmed that honokiol could induce apoptosis 
in human neuroglioma cells. These results sug-
gested that the effects of honokiol suppressed 
H4 human neuroglioma cell proliferation, at 
least in part, through cell cycle arrest and cell 
apoptosis.

Figure 2. Effect of honokiol on cell apoptosis and cell cycle arrest. The H4 human neuroglioma cells were treated 
with vehicle, DMSO or honokol (10 μM) for 48 h, the percentage of apoptotic cells was also analyzed by flow cyto-
metric analysis of annexin V/PI double staining (A) and bar graphs represent the percentage of apoptotic cells (B). 
The percentage of cell cycle phase was analyzed by flow cytometry analysis after cells exposure to honokiol for 48 h 
(C). Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05 versus control group.
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Effect of honokiol on p53, p21, BAX and Bcl-2

Significant changes in the protein levels of 
tumor suppressors were observed in H4 human 
neuroglioma cells with honokiol-treated. As 
shown in Figure 4A and 4B, p53 and p21 were 
significantly upregulated by honokiol treatment 
at doses of 5 μM or more. Moreover, the apop-
totic response was further investigated by mea-
suring apoptosis-related proteins expression. 
Treatment of H4 human neuroglioma cells with 
honokiol significantly increased the pro-apop-

totic Bax level and decreased the anti-apoptot-
ic Bcl-2 level at doses of 5 μM or more (Figure 
4C and 4D). These results indicated that 
honokiol might induce cell death through acti-
vation tumor suppressors signaling pathway 
and upregulation of the Bax/Bcl-2 ratio.

Effect of honokiol on the cell cycle regulated 
protein

To evaluate the potential molecular mechanism 
by which honokiol causes a G2/M arrest, we 

Figure 3. Human neuroglioma cells were treated with vehicle, DMSO or honokiol (10 μM) for 48 h. The morphologic 
changes in the H4 human neuroglioma cells were evaluated using hoechst 33342 staining.

Figure 4. Effects of honokiol on tumor suppressors and apoptosis-related proteins. H4 human neuroglioma cells 
were treated with various concentrations honokol (0, 5, 10, 20 and 30 μM) for 48 h, and the expression levels of 
p53 and p21 were determined by western blotting (A) and densitometric analyses (B). The expression levels of BAX 
and Bcl-2 were determined by western blotting (C) and densitometric analyses (D). Values are expressed as mean 
± SEM, n = 3 in each group. *P < 0.05, **P < 0.01, ***P < 0.001 versus control group.
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analyzed the steady-state levels of proteins 
involved in the G2/M checkpoint. The results 
found that Cyclin B1, CDC2 and cdc25C were 
downregulated upon honokiol treatment in  
H4 human neuroglioma cells (Figure 5A-D). 
However, we found that the expression of 
p-CDC2 and p-cdc25c was significantly upregu-
lated when the neuroglioma cells were exposed 
to honokiol at doses of 10 μM or 20 μM (Figure 
5A-D).

Discussion

The anti-cancer activity of honokiol is confirmed 
in many tumor models [6, 7, 9, 12, 23], but 
there is mostly sparse reports of the anticancer 
activity of honokiol on human nerve tumor, 
especially on human neuroglioma. This study 
showed that honokiol, an active component 
isolated from the herb Magnolia officinalis, 
exerted anticancer effects in H4 human neuro-
glioma cells through the regulation of cell cycle 
regulated proteins and p53 signaling, which 
induced apoptotic cell death. In addition, we 
suggested that honokiol induces apoptotic cell 
death in neuroglioma cells through the upregu-
lation of the Bax/Bcl-2 ratio.

P53 is a crucial protein in cellular stress 
response, and p53 was an important compo-
nent of the cell cycle arrest [25]. Wild-type p53 
was considered to participate in apoptosis in 
response to DNA damage in many tumor cells 
[26]. When cells received UV or ionizing radia-
tion and were exposed to anticancer drugs, 
p53 protein was accumulated [27]. The p53 
pathway has been reported to be involved in 
histone acetyltransferase inhibitor (HATi) II 
induces apoptosis in glioma cell lines, and 
upregulation of p53 signaling pathway-related 
genes in HATi II-treated cells is confirmed by 
quantitative RT-PCR and Western blotting [22]. 
In our study, human neuroglioma cell exposure 
to honokiol could upregulate the expression of 
p53 and p21, and the apoptotic cell proportion 
was increased in honokiol-treated group com-
pared with control group. Thus it is necessary 
to evaluate the level of Bax and Bcl-2. Our 
results showed that honokiol-induced apopto-
sis of neuroglioma cells was accompanied with 
upregulation of Bax and downregulation of Bcl-
2. Pro-apoptotic Bax is a p53 downstream tar-
get, which supports the view that honokiol 
probably trigger the p53/Bax mediated apopto-
sis pathway.

Figure 5. Effects of honokiol on G2/M checkpoint proteins. H4 human neuroglioma cells were treated with honokol 
(0, 10 or 20 μM) for 48 h, and the expression levels of Cyclin B1, CDC2 and p-CDC2 were determined by western 
blotting (A) and densitometric analyses (B). The expression levels of cdc25C and p-cdc25C were determined by 
western blotting (C) and densitometric analyses (D). Values are expressed as mean ± SEM, n = 3 in each group. *P 
< 0.05, **P < 0.01 versus control group.
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P53 transcriptional function is considered as a 
marker of large-scale differently expressed 
genes, which are involved in cell cycle arrest 
[28]. Reprimo appears to induce cell cycle 
arrest by inhibiting CDK1 activity and nuclear 
translocation of the CDC2/cyclin B1 complex, 
and may be involved in regulation of p53-depen-
dent G2 cell cycle arrest [29]. In the present 
study, we demonstrated that honokiol-treated 
caused the downregulation of both CDC2 and 
cdc25C, however, the expression of p-CDC2 
and p-cdc25c was significantly upregulated 
when the human neuroglioma cells were 
exposed to honokiol. CDC2 is the cyclin-depen-
dent kinase responsible for the entry and exit 
from G2 and mitosis. It forms a complex with 
cyclin B1 or cyclin A. It can be inactivated by 
wee-1 and myt-1 when it is phosphorylated in 
T15 [30]. In human esophageal cancer cells, 
jaridonin results in G2/M phase arrest through 
upregulation phosphorylation of cdc25C and 
activation of checkpoint kinases Chk1 and 
Chk2 [31].

In conclusion, honokiol could induce apoptosis 
and cell cycle arrest in H4 human neuroglioma 
cell, the underlying molecular mechanisms, at 
least partially, through activation p53 signaling 
and downregulation CDC2/cdc25C expression. 
In view of the results of this experiment, it 
seemed reasonable to highlight the possibility 
of honokiol in the clinical treatment of 
neuroglioma.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hai-Yan Liu, Depart- 
ment of Anatomy, College of Basic Medical Sciences, 
Jilin University, Changchun 130021, China. Tel: (86) 
431-85619466; Fax: (86) 431-85619466; E-mail: 
haiyan@jlu.edu.cn

References

[1] Vavilala DT, Ponnaluri VK, Kanjilal D and 
Mukherji M. Evaluation of anti-HIF and anti-
angiogenic properties of honokiol for the treat-
ment of ocular neovascular diseases. PLoS 
One 2014; 9: e113717.

[2] Lee YJ, Lee YM, Lee CK, Jung JK, Han SB and 
Hong JT. Therapeutic applications of com-
pounds in the Magnolia family. Pharmacol 
Ther 2011; 130: 157-176.

[3] Liou KT, Shen YC, Chen CF, Tsao CM and Tsai 
SK. Honokiol protects rat brain from focal cere-

bral ischemia-reperfusion injury by inhibiting 
neutrophil infiltration and reactive oxygen spe-
cies production. Brain Res 2003; 992: 159-
166.

[4] Kim KR, Park KK, Chun KS and Chung WY. 
Honokiol inhibits the progression of collagen-
induced arthritis by reducing levels of pro-in-
flammatory cytokines and matrix metallopro-
teinases and blocking oxidative tissue dam-
age. J Pharmacol Sci 2010; 114: 69-78.

[5] Kim YJ, Choi MS, Cha BY, Woo JT, Park YB, Kim 
SR and Jung UJ. Long-term supplementation of 
honokiol and magnolol ameliorates body fat 
accumulation, insulin resistance, and adipose 
inflammation in high-fat fed mice. Mol Nutr 
Food Res 2013; 57: 1988-1998.

[6] Liang WZ, Chou CT, Chang HT, Cheng JS, Kuo 
DH, Ko KC, Chiang NN, Wu RF, Shieh P and Jan 
CR. The mechanism of honokiol-induced intra-
cellular Ca (2+) rises and apoptosis in human 
glioblastoma cells. Chem Biol Interact 2014; 
221: 13-23.

[7] Lai YJ, Lin CI, Wang CL and Chao JI. Expression 
of survivin and p53 modulates honokiol-in-
duced apoptosis in colorectal cancer cells. J 
Cell Biochem 2014; 115: 1888-1899.

[8] Bai X, Cerimele F, Ushio-Fukai M, Waqas M, 
Campbell PM, Govindarajan B, Der CJ, Battle T, 
Frank DA, Ye K, Murad E, Dubiel W, Soff G and 
Arbiser JL. Honokiol, a small molecular weight 
natural product, inhibits angiogenesis in vitro 
and tumor growth in vivo. J Biol Chem 2003; 
278: 35501-35507.

[9] Chen YJ, Wu CL, Liu JF, Fong YC, Hsu SF, Li TM, 
Su YC, Liu SH and Tang CH. Honokiol induces 
cell apoptosis in human chondrosarcoma cells 
through mitochondrial dysfunction and endo-
plasmic reticulum stress. Cancer Lett 2010; 
291: 20-30.

[10] Banerjee P, Basu A, Arbiser JL and Pal S. The 
natural product honokiol inhibits calcineurin 
inhibitor-induced and Ras-mediated tumor pro-
moting pathways. Cancer Lett 2013; 338: 
292-299.

[11] Lin JM, Prakasha Gowda AS, Sharma AK and 
Amin S. In vitro growth inhibition of human 
cancer cells by novel honokiol analogs. Bioorg 
Med Chem 2012; 20: 3202-3211.

[12] Joo YN, Eun SY, Park SW, Lee JH, Chang KC 
and Kim HJ. Honokiol inhibits U87MG human 
glioblastoma cell invasion through endothelial 
cells by regulating membrane permeability 
and the epithelial-mesenchymal transition. Int 
J Oncol 2014; 44: 187-194.

[13] Crane C, Panner A, Pieper RO, Arbiser J and 
Parsa AT. Honokiol-mediated inhibition of 
PI3K/mTOR pathway: a potential strategy to 
overcome immunoresistance in glioma, breast, 
and prostate carcinoma without impacting T 



Honokiol induces apoptosis in human neuroglioma cell

7175 Int J Clin Exp Med 2015;8(5):7168-7175

cell function. J Immunother 2009; 32: 585-
592.

[14] Wang YR, Xu Y, Jiang ZZ, Guerram M, Wang B, 
Zhu X and Zhang LY. Deoxypodophyllotoxin in-
duces G2/M cell cycle arrest and apoptosis in 
SGC-7901 cells and inhibits tumor growth in 
vivo. Molecules 2015; 20: 1661-1675.

[15] Zhou B, Bu G, Zhou Y, Zhao Y, Li W and Li M. 
Knockdown of CDC2 expression inhibits prolif-
eration, enhances apoptosis, and increases 
chemosensitivity to temozolomide in glioblas-
toma cells. Med Oncol 2015; 32: 378.

[16] Shi L, Chen J, Wang YY, Sun G, Liu JN, Zhang 
JX, Yan W, Qian CF, Liu N, Fu Z, You YP and 
Zeng Y. Gossypin induces G2/M arrest in hu-
man malignant glioma U251 cells by the acti-
vation of Chk1/Cdc25C pathway. Cell Mol 
Neurobiol 2012; 32: 289-296.

[17] Garcia-Morales P, Carrasco-Garcia E, Ruiz-Rico 
P, Martinez-Mira R, Menendez-Gutierrez MP, 
Ferragut JA, Saceda M and Martinez-Lacaci I. 
Inhibition of Hsp90 function by ansamycins 
causes downregulation of cdc2 and cdc25c 
and G(2)/M arrest in glioblastoma cell lines. 
Oncogene 2007; 26: 7185-7193.

[18] Suh H, Choi KW and Lee CH. CR389, a benzo-
imidazolyl pyridinone analog, induces cell cy-
cle arrest and apoptosis via p53 activation in 
human ovarian cancer PA-1 cells. J Microbiol 
Biotechnol 2015; 25: 418-22.

[19] Park HY, Kim MK, Moon SI, Cho YH and Lee 
CH. Cell cycle arrest and apoptotic induction in 
LNCaP cells by MCS-C2, novel cyclin-depen-
dent kinase inhibitor, through p53/p21WAF1/
CIP1 pathway. Cancer Sci 2006; 97: 430-436.

[20] Benchimol S. p53-dependent pathways of 
apoptosis. Cell Death Differ 2001; 8: 1049-
1051.

[21] Liu H, Zhou L, Shi S, Wang Y, Ni X, Xiao F, Wang 
S, Li P and Ding K. Oligosaccharide G19 inhib-
its U-87 MG human glioma cells growth in vitro 
and in vivo by targeting epidermal growth fac-
tor (EGF) and activating p53/p21 signaling. 
Glycobiology 2014; 24: 748-765.

[22] Xu L, Li Z, Tao Y, Li R, Fang F, Zhao H, Li G, Li Y, 
Wang J, Feng X and Pan J. Histone acetyltrans-
ferase inhibitor II induces apoptosis in glioma 
cell lines via the p53 signaling pathway. J Exp 
Clin Cancer Res 2014; 33: 108.

[23] Arora S, Bhardwaj A, Srivastava SK, Singh S, 
McClellan S, Wang B and Singh AP. Honokiol 
arrests cell cycle, induces apoptosis, and po-
tentiates the cytotoxic effect of gemcitabine in 
human pancreatic cancer cells. PLoS One 
2011; 6: e21573.

[24] Park EJ, Min HY, Chung HJ, Hong JY, Kang YJ, 
Hung TM, Youn UJ, Kim YS, Bae K, Kang SS 
and Lee SK. Down-regulation of c-Src/EGFR-
mediated signaling activation is involved in the 
honokiol-induced cell cycle arrest and apopto-
sis in MDA-MB-231 human breast cancer cells. 
Cancer Lett 2009; 277: 133-140.

[25] Wang T, Chen F, Chen Z, Wu YF, Xu XL, Zheng S 
and Hu X. Honokiol induces apoptosis through 
p53-independent pathway in human colorectal 
cell line RKO. World J Gastroenterol 2004; 10: 
2205-2208.

[26] Naderi E, Skah S, Ugland H, Myklebost O, 
Sandnes D, Torgersen M, Josefsen D, Ruud E, 
Naderi S and Blomhoff H. Bone marrow stro-
ma-derived PGE 2 protects BCP-ALL cells from 
DNA damage-induced p53 accumulation and 
cell death. Mol Cancer 2015; 14: 14.

[27] Li G, Bush JA and Ho VC. p53-dependent apop-
tosis in melanoma cells after treatment with 
camptothecin. J Invest Dermatol 2000; 114: 
514-519.

[28] Shan X, Fu YS, Aziz F, Wang XQ, Yan Q and  
Liu JW. Ginsenoside Rg3 Inhibits Melanoma 
Cell Proliferation through Down-Regulation of 
Histone Deacetylase 3 (HDAC3) and Increase 
of p53 Acetylation. PLoS One 2014; 9: 
e115401.

[29] Monte M, Benetti R, Buscemi G, Sandy P, Del 
Sal G and Schneider C. The cell cycle-regulated 
protein human GTSE-1 controls DNA damage-
induced apoptosis by affecting p53 function. J 
Biol Chem 2003; 278: 30356-30364.

[30] Nigg EA. Mitotic kinases as regulators of cell 
division and its checkpoints. Nat Rev Mol Cell 
Biol 2001; 2: 21-32.

[31] Ma Y, Su N, Shi X, Zhao W, Ke Y, Zi X, Zhao N, 
Qin Y, Zhao H and Liu H. Jaridonin-induced 
G2/M phase arrest in human esophageal can-
cer cells is caused by reactive oxygen species-
dependent Cdc2-tyr15 phosphorylation via 
ATM-Chk1/2-Cdc25C pathway. Toxicol Appl 
Pharmacol 2014; 282: 227-236.


