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of autophagy-mediated cell death and G2/M arrest

Qi Yu a,b, Libo Liuc,d, Ping Wangc,d, Yilong Yaoa,b, Yixue Xuec,d, and Yunhui Liua,b

aDepartment of Neurosurgery, Shengjing Hospital of China Medical University, Shenyang, China; bLiaoning Research Center for Translational Medicine
in Nervous System Disease, Shenyang China; cDepartment of Neurobiology, College of Basic Medicine, China Medical University, Shenyang China; dKey
Laboratory of Cell Biology, Ministry of Public Health of China, Key Laboratory of Medical Cell Biology, Ministry of Education of China, China Medical
University, Shenyang China

ARTICLE HISTORY
Received 1 February 2017
Revised 16 March 2017
Accepted 30 March 2017

ABSTRACT
Despite the fact that temozolomide (TMZ) has been widely accepted as the key chemotherapeutic agent
to prolong the survival of patients with glioblastoma, failure and recurrence cases can still be observed in
clinics. Glioma stem-like cells (GSCs) are thought to be responsible for the drug resistance. In this study,
we investigate whether endothelial monocyte-activating polypeptide-II (EMAP-II), a pro-inflammatory
cytokine, can enhance TMZ cytotoxicity on U87MG and GSCs or not. As described in prior research, GSCs
have been isolated from U87MG and maintained in the serum-free DMEM/F12 medium containing EGF, b-
FGF, and B27. TMZ and/or EMAP-II administration were performed for 72 h, respectively. The results
showed that TMZ combined with EMAP-II inhibit the proliferation of U87MG and GSCs by a larger measure
than TMZ single treatment by decreasing the IC50. EMAP-II also enhanced TMZ-induced autophagy-
mediated cell death and G2/M arrest. Moreover, we found that EMAP-II functioned a targeted suppression
on mTOR, which may involve in the anti-neoplasm mechanism. The results suggest that EMAP-II could be
considered as a combined chemotherapeutic agent against glioblastoma by sensitizing U87MG and GSCs
to TMZ.
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Introduction

Glioblastomas (GBMs) are the most common tumors of central
nervous system disease, comprising 16% of all primary brain
and central nervous system neoplasms.1 Originally, GBMs were
thought to be derived solely from glial cells; however, evidence
has confirmed the existence of a small subpopulation as glioma
stem-like cells (GSCs).2 GSCs are thought to contribute to tumor
progression, treatment resistance, and tumor recapitulation post-
treatment.3 Current standard therapy includes maximal safe sur-
gical resection, followed by concurrent radiation with temozolo-
mide (TMZ), an oral alkylating chemotherapeutic agent, and
then adjuvant chemotherapy with TMZ.4 Cytotoxicity of TMZ is
related to DNA methylation and the subsequent formation of
O6-MeG (O6-methylguanine),5 followed by an arrest of the cell
cycle during the G2/M phase.6 MGMT-mediated DNA repaira-
tion is regarded as the most likely reason for TMZ resistance,
resulting in uncontrolled tumor growth.7

Endothelial monocyte-activating polypeptide-II (EMAP-II)
is a pro-inflammatory cytokine. Data have revealed both its
anti-angiogenic properties8 and its regulatory effect on the
blood-brain barrier.9 Further evidence suggested EMAP-II as a
possible anti-glioma agent, but its effect is transient,10 which
provides a new opportunity for combined treatment in glio-
blastoma chemotherapy.

In the present study, we found that EMAP-II enhanced TMZ
decreasing cell viability via the induction of autophagy, which
was further shown to be defective. Moreover, EMAP-II was
found to enhance TMZ suppressing tumor growth by inducing
G2/M arrest. Additionally, our data also showed that TMZ
inhibited PI3K/AKT/mTOR signaling pathway and EMAP-II
enhanced targeted suppression on mTOR. Our results demon-
strated that combined EMAP-II and TMZ treatment induced a
larger degree of autophagy and increased cell cytotoxicity.

Materials and methods

Reagents and antibodies

Temozolomide was obtained from Schering-Plough (Merck,
United Kingdom), resuspended at 10 mg/ml in 100% DMSO,
aliquoted and stored at ¡20�C in a concentration of 50 mM.
EMAP-II, EGF, and b-FGF were obtained from PeproTech (St.
Louis, MO, USA), and diluted with 0.9% sodium chloride.
Dulbecco’s Modified Eagle’s Medium (DMEM), DMEM/F12,
and fetal bovine serum (FBS) were purchased from Gibco
(Carlsbad, CA, USA). Anti-Nestin and anti-CD133 were pur-
chased from Millipore (Temecula, CA, USA). The CCK-8 Kit
and Cell Cycle Kit were purchased from Beyotime (Jiangsu,
China). Antibodies against GAPDH and the secondary anti-
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bodies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). The antibodies, including LC3B, p62/
SQSTM1, PI3K, p-PI3K, AKT, p-AKT, mTOR, and p-mTOR,
were purchased from Abcam (Cambridge, MA, USA).

Cell line and cell culture

The human glioblastoma cell line U87MG was obtained from
Shanghai Institutes for Biological Sciences and Cell Resource
Center. Cells were cultured in DMEM, supplemented with 10%
FBS. The generation and identification of GSCs derived from
U87MG cells have been described previously.10 GSCs stained
with allophycocyanin (APC)-conjugated CD133 antibodies
(Miltenyi Biotec, USA) were sorted by fluorescence-activated
cell sorting (FACS) on a FACS Calibur instrument. The
CD133-positive cells were collected and maintained in serum-
free DMEM/F12 stem cell media containing 20 ng/ml EGF,
bFGF and B27 (1:50). All the cells were incubated in a 5% CO2

humidified incubator at 37�C.

Treatment

U87MG cells and GSCs were assigned to four groups, and then
treated with (1) DMSO (1:1000 dilution), (2) EMAP-II
(0.5 nM), (3) TMZ (100mM), and (4) combined EMAP-II
(0.5 nM) with TMZ (100mM), respectively, for 72 h.

Cell viability assay

Cell viability was determined by the CCK-8 assay according to
the manufacturer’s instructions. Briefly, 2000 U87MG cells/
well or 10000 GSCs/well were seeded into 96-well plates over-
night and were then treated by EMAP-II and/or TMZ adminis-
tration. Ten mL CCK-8 solutions were added to the cells of
each group after the 72-hour treatment. After incubation for
another 2 h, the optical density (OD) was measured at 450 nm
using a microplate reader (BioTek, USA). The data were from 3
separate experiments, with 5 replications each time.

Cell cycle analysis

After treated with EMAP-II and/or TMZ administration for
72 h, the U87MG cells and GSCs were harvested and centri-
fuged at 500 g for 5 min. They were then resuspended in phos-
phate-buffered saline (PBS) and fixed in ice-cold 70% ethanol
at ¡20�C, stored at 4�C overnight. Cells were then washed
twice with PBS and incubated in the dark in PBS containing
0.5 mg/ml RNase A and 50mg/ml propidium iodide (PI)
(Sigma, USA) at 37�C for 30 min. The cell cycle was analyzed
on a flow cytometer (BD Biosciences, CA). Duplicates were
performed in all of the experiments, and the experiments were
performed on 2 separate occasions.

Immunofluorescence

The cells were collected and fixed with 4% PFA for 20 min at
room temperature, washed twice with PBS, and permeabilized
with a blocking solution containing 5% bovine serum albumin
0.01% triton X-100, diluted in PBS. Next, the cells were

incubated overnight at 4�C with the LC3B primary antibody.
Immunoreactivity was visualized with Alexa-488-conjugated
secondary antibodies at a dilution 1:1000 for 2 h. The nuclei
were counterstained with Hoechst 33242 (blue on images).
Glass coverslips were mounted with fluorescence Mounting
Medium (Southern Biotech, USA). The images were captured
with an Olympus BX61 fluorescence microscope.

Western blotting

Cells of each group lysates were prepared by lysing the cells in a
RIPA buffer, which contained 0.01% of a protease and phos-
phatase inhibitor cocktail. The protein concentration was deter-
mined by the bicinchoninic acid (BCA) protein assay; equal
amounts (40mg) of denatured proteins were fractionated
through SDS-PAGE on a 10% gel, and then transferred to
PVDF membranes. The membrane was blocked with 5% milk/
Tris-buffered saline plus Tween 20 (TBST) and incubated with
the appropriate primary antibodies overnight at 4�C. HRP goat
anti-mouse IgG and HRP goat anti-rabbit IgG were used as the
secondary antibodies The immunoreactive bands were visual-
ized using ECL detection reagents. Equal loading was assessed
after probing the same membrane with the GAPDH antibody.

Statistical analysis

The data were expressed as the mean § standard deviation
(SD). Statistical significance was estimated using the SPSS 13.0
software (SPSS, Chicago, IL) for two-way ANOVA to compare
each group. p < 0.05 was considered statistically significant.

Results

EMAP-II enhanced cytotoxic effect of TMZ on U87MG
and GSCs

As in our previously protocol, we derived GSCs from U87MG.
After the formation of spheres (Fig. 1A), stemness markers
were identified by immunofluorescence which showed double
positive in CD133 and Nestin (Fig. 1B). To assess the cytotoxic-
ity of TMZ on U87MG and GSCs, cells were treated with TMZ
alone or a combination of TMZ and EMAP-II with assigned
concentration for 72 h respectively, the dose-inhibition
response curves were made according to CCK-8 assay. The
IC50 value was defined as the dose needed for a 50% reduction
in OD, calculated from the curve. As shown in Figure 1C, TMZ
inhibited cell viability in a dose-dependent manner in both cell
lines. IC50 of TMZ on U87MG was remarkably decreased from
659.4 § 1.06mM to 427.0 § 1.08 mM with the presence of
EMAP-II (p < 0.05). Similarly, IC50 on GSCs was significantly
decreased from 1059.0 § 1.04 mM to 635.9 § 1.07 mM
(p < 0.05). The higher IC50 on GSCs indicated its chemoresist-
ant characteristic to TMZ, at the same time EMAP-II enhanced
its cytotoxic effect on both U87MG and GSCs. For further
investigation, we treated the cells with 100mM TMZ and/or
0.5 nM EMAP-II for 72 h and analyzed the inhibition rates
(Fig. 1D). The result revealed that there was no significant inhi-
bition of cell viability on U87MG or GSCs in the single EMAP-
II treatment group and the same result was received in the
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single TMZ treatment group on GSCs. Interestingly, the combi-
nation of TMZ and EMAP-II exerted a remarkable anti-tumor
effect on GSCs meanwhile this trend was also observed on
U87MG. As previously reported that enhanced MGMT
expression might contribute to TMZ resistance,11 there was a
lower inhibition rate observed on GSCs in either single TMZ
treatment group or combination group.

EMAP-II increased TMZ-induced autophagy

Growing evidence have revealed the autophagic cell death
induced by novel cancer drugs including temozolomide12 or ion-
izing radiation.13 The death-promoting and -executing mecha-
nisms involved in the different paradigms of autophagic cell
death are very diverse and complex.14 Accepted methods for
analyzing macroautophagy in vitro include electron microscopy,
Western blotting for LC3B, and green fluorescence protein-
LC3B immunofluorescence.15 To investigate whether EMAP-II
sensitized U87MG and GSCs to TMZ in an autophagic death-
promoting manner or not, immunofluorescent staining of LC3B
was performed after separated or combined treatment of 72 h.
Compared to the control, cells treated with either EMAP-II or
TMZ both showed an obviously higher level of LC3BII expres-
sion, and cells treated with both EMAP-II and TMZ showed
even higher LC3BII staining, indicating autophagic induction
was increased by combination treatment (Fig. 2A). In addition,
we used the normalized LC3BII/LC3BI ratio as the quantification

of autophagy by western blot. Increased ratio of LC3BII/LC3BI
was detected in either EMAP-II or TMZ treatment group on
both U87MG and GSCs. Moreover, there was a large-scale
increasing ratio in both EMAP-II and TMZ treated cells than
that in the either TMZ or EMAP-II treated cells. No significant
changes of LC3BII/LC3BI ratio were found between single TMZ
or EMAP-II treated GSCs. Differently, on U87MG, a lower
amount of LC3BII/LC3BI ratio was observed with single EMAP-
II treatment comparing to single TMZ treatment. Recent studies
revealed that p62/SQSTM1, which is an autophagosome cargo
protein that targets other proteins that bind to it for selective
autophagy, has also been shown to interact with LC3B.16

Although there were controversial results pertaining to the
changes of p62/SQSTM1 in the autophagic progress,17 it also
was regarded as an indicator of autophagy. In the present study,
a higher level decline of p62/SQSTM1 expression was found in
the combination treatment group on both U87MG and GSCs
comparing to that in the single TMZ treatment, but there were
no changes found in the single EMAP-II treatment group on
either U87MG or GSCs, which was different from LC3B induced
by induction by single EMAP-II treatment (Fig. 2B-C).

Effect on the cell progression

Inmost cells, TMZ produces cell cycle arrest at G2/M through the
activation of ATM/ATR-Chk1/2.18 Chk1/2 can activate Wee1,
the kinase that phosphorylates meanwhile inhibits CDC25A, the

Figure 1. EMAP-II enhanced cytotoxic effect of TMZ on U87MG and GSCs (A) U87MG cells were cultured in the DMEM, containing 10% FBS in flasks. After sorted by FACS,
the CD133-positive cells were collected and maintained in the DMEM/F12, containing 2% B27 supplements, 20ng/ml EGF, and bFGF. Suspended cells became spheres
after 48 h culture. (B) GSCs expressing the stemness biomarkers of CD133 and Nestin by immunofluorescence. (C) Both U87MG and GSCs were treated with TMZ alone or
a combination of TMZ and EMAP-II with assigned concentration for 72 h respectively, IC50 of TMZ calculated from dose-inhibition response curves was remarkably
decreased on both U87MG and GSCs. (D) Cells were treated with 100mM TMZ and/or 0.5 nM EMAP-II for 72 h respectively and cell viability was then determined. EMAP-II
enhanced the TMZ-induced cytotoxic effect on U87MG and GSCs.
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phosphatase responsible for dephosphorylating this site,19 thus
leading to an arrest before mitosis. Activation of the G2 check-
point acts primarily as a pro-survival mechanism that gives time
to the cells to repair their DNA. Some cancer types, such as GBM,
are intrinsically resistant to apoptosis and may be more sensitive
to other mechanisms of cell death, such as autophagy, senescence,
and mitotic catastrophe.20,21 After U87MG and GSCs were
treated with either TMZ or EMAP-II and combination of TMZ
with EMAP-II for 72 h, the cell population in different phase
were determined by flow cytometry. As shown in Figure 3, com-
pared to the control, EMAP-II slightly promoted accumulation
of G2/M population on both U87MG and GSCs but showed no
significance. Meanwhile, U87MG treated with TMZ showed an
increased proportion of the G2/M population but GSCs treated
with TMZ was not found a G2/M accumulation. Moreover, com-
bined TMZ and EMAP-II induced a higher G2/M accumulation
than TMZ on both U87MG and GSCs.

Effect on the PI3K/AKT/mTOR signaling pathway

The PI3K/AKT/mTOR signaling pathway is a cell survival
pathway that is important for normal cell growth and

proliferation.22 On one hand, mTOR might inhibit autophagy
predominantly by activating a downstream molecule, p70S6
kinase (p70S6K).23 On the other hand, PI3K/AKT as well as
their downstream molecule CHK1 could regulate cell cycle.24

To investigate the effect on the PI3K/AKT/mTOR signaling
pathway, western blot analyses were performed after U87MG
and GSCs were treated with either TMZ or EMAP-II and com-
bination of TMZ with EMAP-II for 72 h. As Figure 4 shows,
Total PI3K, AKT, and mTOR did not change in both U87MG
and GSCs. Compared to the control, p-PI3K and p-AKT were
not affected by EMAP-II, only TMZ and combination of TMZ
with EMAP-II decreased expressions of p-PI3K, p-AKT, and
p-mTOR. Moreover, there was a significant decline of
p-mTOR/mTOR with the combination of TMZ with EMAP-II
than that treated with TMZ in both U87MG and GSCs.

Discussion

EMAP-II was first discovered in 1990 as a pro-inflammatory
cytokine with anti-angiogenic properties. 25 Our previous work
has revealed that a low-dose EMAP- II could increase the
permeability of the blood-tumor barrier26 and inhibit the

Figure 2. EMAP-II increased TMZ-induced autophagy (A) U87MG was treated with either TMZ or EMAP-II and both TMZ and EMAP-II for 72 h respectively. Expression and
distribution of LC3B II were determined by immunofluorescence staining, all images were taken with exactly the same settings. Compared to the control, cells treated
with either EMAP-II or TMZ both showed an obvious higher level of LC3BII expression, and cells treated with both EMAP-II and TMZ showed even higher LC3BII staining.
(scale barD 20mM). (B-D) U87MG was treated with either TMZ or EMAP-II and both TMZ and EMAP-II for 72 h. TMZ induced a higher LC3BII/LC3BIlevel than EMAP-II; Com-
bination of TMZ and EMAP-II showed a significant elevation on LC3BII/LC3BIthan either TMZ or EMAP-II; P62/SQSTM1 was obviously inhibited by combination of TMZ and
EMAP-II;(E-G) GSCs was treated with either TMZ or EMAP-II and both TMZ and EMAP-II for 72 h. The combination of TMZ and EMAP-II showed a significant elevation on
LC3BII/LC3BIthan either TMZ or EMAP-II; P62/SQSTM1 was obviously inhibited by the combination of TMZ and EMAP-II; Values present means § SD (n D 3, each).
�p < 0.05, ��p < 0.01, or ���p < 0.001.
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proliferation of glioblastoma cells in the first hour of treat-
ment.10 As EMAP-II showed an anti-tumor characteristic as
TMZ, it was promising that EMAP-II acts as an adjuvant
chemotherapeutic agent of TMZ.

In the present study, we found that the cells viability of
U87MG cells and GSCs were decreased to around 60% after
the 72 h combination treatment period. TMZ showed a
remarkable lower IC50 value (427.0 § 1.08mM on U87MG, and
635.9 § 1.07mM on GSC, respectively, p < 0.05) with the com-
bination of EMAP-II. Some researchers have reported evidence
that TMZ has a wide range of IC50 on different cell lines,27,28

especially on the MGMT-positive GSCs.11 A lower IC50 sug-
gested that EMAP-II could sensitize U87MG and GSCs to
TMZ. The enhancement of autophagy and G2/M arrest by the
combination of TMZ and EMAP-II were observed, which con-
tributed to the anti-glioma mechanism. Moreover, the inhibi-
tion of PI3K/AKT/mTOR signaling pathway was found by
TMZ and EMAP-II showed a higher inhibition ability targeting
p-mTOR which might involve in the cytotoxicity of TMZ and
EMAP-II combined treatment.

GSCs, also known as glioma initial cells, performed a unique
biologic behavior in the cell population. The key properties that

Figure 3. Effect on the cell progression. After U87MG and GSCs were treated with either TMZ or EMAP-II and combination of TMZ with EMAP-II for 72 h, the cell popula-
tion in different phase were determined by flow cytometry. (A-B) U87MG treated with TMZ showed an increased proportion of the G2/M population, combined TMZ and
EMAP-II induced a higher G2/M accumulation than TMZ. (C-D) GSCs treated TMZ did not show an increased proportion of the G2/M population. only combined TMZ and
EMAP-II induced a higher G2/M accumulation. The values present means § SD (n D 4, each). �p < 0.05

Figure 4. Effect on PI3K/AKT/mTOR pathway. U87MG and GSCs were treated with either TMZ or EMAP-II and combination of TMZ with EMAP-II for 72 h. (A-D) Western
Blot showed relative expressions of PI3K, p-PI3K, AKT, p-AKT, mTOR and p-mTOR, combination of TMZ with EMAP-II enhanced inhibition of p-mTOR/mTOR on U87MG; (E-
H) Western Blot showed relative expressions of PI3K, p-PI3K, AKT, p-AKT, mTOR and p-mTOR, combination of TMZ with EMAP-II enhanced inhibition of p-mTOR/mTOR on
GSCs. The values present means § SD (n D 4, each). �p< 0.05, ��p < 0.01, or ���p < 0.001.
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distinguish GSCs from other tumor cells include their ability to
(1) self-renew, (2) differentiate into heterogeneous types of
tumor cells, and (3) sustain tumor growth in vivo.29 There is
increasing evidence that they are responsible for tumor initia-
tion, the propagation of the disease, the resistance to current
therapies, and tumor recurrence.2,30-32 Our data showed that
U87MG was induced more autophagy-mediated cell death
compared with GSCs, which means that GSCs are more resis-
tant to the combined treatment of TMZ and EMAP-II.
Although there is no consensus regarding whether GSCs
express more or less MGMT, the evidence indicates that CpG
methylation of the MGMT promoter in the tumor cells derived
from the patients increased dramatically.33 This suggests that
MGMT methylation, which could reduce MGMT activity, was
enriched with the GSC culture in vitro. It increases the drug
resistance of GSCs up to 10 times,34 and its role in mediating
chemoresistance has repeatedly been confirmed.34-37

Autophagy, a lysosome-dependent degradation progress,
has been thought to act as a pro-survival or pro-death
response to several stressors, especially chemotherapy and
radiotherapy, at the cellular and organic levels.14 The mecha-
nism by which autophagy could perform these seemingly
opposite roles remained elusive until recently. Under moder-
ate stimulus conditions, the autophagic pathway operates to
supply cells with a metabolic substrate, contributing to the
maintenance of cell survival.38 However, a considerable body
of literature has reported that uncontrolled autophagy is also
a cell death mechanism that can occur either in the absence of
detectable signs of apoptosis or concomitantly with apopto-
sis.39 Autophagy has been demonstrated to be involved in
DNA damage.40-42 In the treatment of glioblastomas, chemo-
therapeutic drugs, including arsenic trioxide and TMZ,43 can
trigger autophagy-associated cell death and further improve
their therapeutic effects. Atg8/LC3B is the most widely men-
tioned autophagy-related protein, and the ratio of LC3BII/
LC3BI is used as the quantification of autophagy.44 In the
present study, increased ratio of LC3BII/LC3BI induced
EMAP-II was detected, but cell viability was not decreased.
We assume that autophagy induced by EMAP-II was not
severe enough for the cell death, but if it was added to the
autophagy induced by TMZ, the uncontrolled autophagy-
mediated cell death would significantly decrease the cell via-
bility. In addition to LC3B, p62/SQSTM1 was found
decreased, accompanied with an increased ratio of LC3BII/
LC3BI in U87MG and GSCs. Despite the fact that there is not
always a clear correlation between increases in LC3BII and
decreases in p62/SQSTM1, it can still be used as a protein
marker, at least in certain settings.45,46 For example, p62/
SQSTM1 can be detected as puncta by IHC in cancer cells,
similar to LC3B.47 The p62/SQSTM1 protein serves as a link
between LC3B and ubiquitinated substrates.48 p62/SQSTM1
and p62/SQSTM1-bound polyubiquitinated proteins become
incorporated into completed autophagosomes and are
degraded in autolysosomes, thus serving as an index of auto-
phagic degradation. Inhibition of autophagy correlates with
increased levels of p62/SQSTM1 in mammals and Drosophila,
suggesting that steady-state levels of this protein reflect the
autophagic status.49-53 Similarly, decreased p62/SQSTM1 lev-
els are associated with autophagy activation.54,55

It is widely known that mTOR, a downstream effector of
AKT, plays a critical role in regulating autophagy in cells,
from yeast to mammalian cells.40,56 Our data showed p-
PI3K and p-AKT were not affected by EMAP-II compared
with the control. EMAP-II might function a targeted sup-
pression on p-mTOR followed by the induction of auto-
phagy, which is similar to the results of other studies.57

CHK1, a cell cycle controlling molecule, is another down-
stream target regulated by the PI3K/AKT pathway. When
DNA damage occurred, cell cycle checkpoints were acti-
vated in the eukaryotic cells—complex kinase signaling net-
works that prevented further progression through the cell
cycle. Parallel to implementing a cell cycle arrest followed
by apoptosis, checkpoint signaling also mediates the recruit-
ment of DNA-repair pathways. DNA-damage checkpoints
usually cause G1/S arrest to prevent the replication of dam-
aged DNA, G2/M arrest to prevent the segregation of dam-
aged chromosomes during mitosis, or S-phase responses
activated by genotoxic insults.58-60 Previous studies investi-
gating TMZ showed that TMZ induced G2 phase arrest, fol-
lowed by apoptosis in tumor cells.61 In the present study,
we found that TMZ alone did not induce G2/M arrest in
GSCs, but it did induce G2/M arrest with the presence of
EMAP-II. It has now been confirmed that G2/M arrest is
largely dependent on the CHK1-mediated signaling path-
way, leading to the inhibition of cyclin B1/CDC2 activity.
CHK1 is activated by phosphorylation on at least 2 residues
(Ser345 and Ser317), located in a Ser/Thr-Gln-rich domain
by DNA damage-activated ATR and ATM kinases.58-60,62,63

The inhibition of CHK1 represents a more effective cytotox-
icity of TMZ to reduce the growth of human GBM.64 The
knockdown of CHK1 could induce the increasing radiosen-
sitivity of GSCs. In addition, our observations regarding
decreased p-PI3K/p-AKT/p-mTOR expression are consistent
with previous studies that reported that DNA-damage
induced activation of CHK1 is downregulated by the inhibi-
tion of the PI3K/AKT pathway.24

In conclusion, we found that the cytotoxicity of TMZ
was amplified with the presence of EMAP-II on U87MG
and GSCs via the induction of autophagy-mediated cell
death and G2/M arrest. Moreover, U87MG was more sensi-
tive to the combination chemotherapy compared with
GSCs due to the unique characteristics of GSCs. More
investigation should be conducted in this area, such as reg-
ulation of MGMT and CHK1-mediated G2/M arrest, to
clarify how GSCs behave in a chemoresistant manner. We
suggest that EMAP-II could be regarded as a novel com-
bined chemotherapy agent against glioblastoma in the
future.
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