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Abstract. – OBJECTIVE: To study the effects
and associated mechanisms of caffeine on cell
viability, cycle dynamics, proliferation and apop-
tosis both in glioblastoma C6 and U87MG cells.

MATERIALS AND METHODS: Cell livability
in presence or absence of caffeine was detect-
ed by the methyl thiazolyl tetrazolium (MTT)
colorimetric assay. Flow cytometric analysis
was conducted to investigate the cell cycle dy-
namics and Cell Counting Kit-8 (CCK-8) was
used to further study the proliferation of C6 and
U87MG glioblastoma cells after treated with
caffeine or DMSO. To study the influence of caf-
feine on apoptosis of glioblastoma C6 and
U87MG cells, the value of apoptosis ratio (AR)
was calculated by flow cytometry detection.
Western blot analysis was used to detect the
expression of apoptosis-related factors, includ-
ing Caspase-3, Cyt-C, Bax and Bcl-2.

RESULTS: Caffeine at 1 mM reduced the cell vi-
ability of the both rat C6 and human U87MG
glioblastoma cells to less than 70%. Flow cytome-
try detection found that caffeine remarkably ar-
rested the C6 and U87MG cells in G0/G1 phase
(C6, U87MG: p<0.01, p<0.05). Nevertheless, the
percentage of cells in S phase obviously de-
creased in the caffeine-treated group, when com-
paring to that of the normal control (C6, U87MG:
p<0.01, p<0.01). CCK-8 assay demonstrated that
significant decreases in the number of glioblas-
toma cells were observed in caffeine treatment
group, when comparing to that of the normal con-
trol (C6, U87MG: p<0.01, p<0.05). Flow cytometric
analysis also found that the application of caf-
feine induced much higher apoptosis of glioblas-
toma cells, compared with the normal control (C6,
U87MG: p<0.01, p<0.05). Furthermore, caffeine
markedly reduced the expression of Bcl-2 (C6,
U87MG: p<0.01, p<0.01), and promoted the ex-
pression of Cyt-C (C6, U87MG: p<0.05, p<0.01)
and Caspase-3 (C6, U87MG: p<0.01, p<0.01), com-
paring to the normal control.
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Abbreviations

PBS = phosphate buffered saline; DMSO = dimethyl sul-
foxide; Cyt-C = Cytochrome C; TBST = tris buffered
saline and Tween 20; SDS-PAGE = sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis; GAPDH =
glyceraldheyde 3-phosphate dehydrogenase.

Introduction

Gliomas, with the overall incidence in excess of
40% among brain tumors, are one of the most fre-
quent primary neoplasms in human central nervous
system (CNS)1. The invasive impacts of glioma on
other brain tissue make this kind of disease diffi-
cult to cure, and despite surgery and chemotherapy,
the mean overall survival rate for glioma patients is
usually less than one year2. According the histolog-
ical properties, gliomas are classified into three
types: oligodendroglioma, oligoastrocytoma and
astrocytoma. Meanwhile, in accordance with ma-
lignancy grades, they are also sorted into four
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(Shanghai Fengshou Company, Shanghai, China),
were cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Boster Biology Co., Wuhan,
China) plus 10% fetal bovine serum (FBS, Boster
Biology Co., Wuhan, China). All the C6 and
U87MG cells were cultured at the density of
50000/well at 37 °C in a 5% CO2 atmosphere.
Caffeine (Sigma Chemical Co., St. Louis, MO,
USA) stock solution was prepared in dimethyl sul-
foxide (DMSO, Sigma Chemical Co., St. Louis,
MO, USA) and then deliquated in the culture
medium. The cells, treated with caffeine, were re-
garded as the experimental group. Meanwhile, the
cells, treated with the equal amount of DMSO,
were regarded as the normal control group.

Cell ViabilityAssay
According to previous studies21, the effects of

caffeine on glioblastoma cells growth were deter-
mined using the methyl thiazolyl tetrazolium
(MTT) colorimetric assay. The C6 and U87MG
glioblastoma cells were cultured at 5000 cells in
the 96-well plates, and were incubated at 37 °C
overnight. Then, the cells were treated with caf-
feine at different doses of concentrations (Figure
1) for 24 h. Cell growth was measured by adding
20 ml of 5 mg/ml MTT (Boster Biology Co.,
Wuhan, China) to each well, and the plates were
incubated at 37 °C for 4 h. The supernatant was
removed afterwards. Then, the absorbance at 570
nm was determined using the multiwell spec-
trophotometer (Bio-Rad, Hercules, CA, USA).
Cell viability = (experimental group absorbance
value/control group absorbance value) * 100%.
Each experiment was done at least quintic.

Cell Cycle Analysis
To study the cell cycle dynamics of C6 and

U87MG cells, flow cytometric analysis was car-
ried out to observe the number of cells at differ-
ent cell cycle phases. After treated with caffeine
or DMSO for 24 h, rat C6 and human U87MG
glioblastoma cells were collected and digested
with 0.25% trypsin (Sigma Chemical Co., St.
Louis, MO, USA) at 37°C for 15 minutes. Fol-
lowing 100-µm mesh sieve screening, the pre-
pared cell suspension was treated with 75%
ethanol at 4°C for fixation. The cell suspension
was treated with 100 µL RNase (0.01 mol/L, Sig-
ma Chemical Co., St. Louis, MO, USA) at 37°C
for 30 minutes, washed with phosphate buffered
saline (PBS), stained with 0.5 mg/L propidium
iodide (PI) staining solution (Boster Biology Co.,
Wuhan, China) for 30 minutes at 4°C in the dark.
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grades: Grade I, Grade II, Grade III and Grade
IV3,4. Grade IV astrocytomas, also named glioblas-
tomas or glioblastomas multiforme, are one of the
most common malignant primary neoplasms in the
adult CNS5. In spite of positive multimodal therapy
with maximal surgery resection followed by
chemotherapy and radiation therapy, the prognosis
of glioblastomas is still unsatisfactory, with a 3-
year survival rate of only 10%6,7. These bleak situa-
tions need a great many of efforts to search for
novel antiglioma agents and therapies.

Caffeine, a methylxanthine, is a common com-
ponent of many different kinds of drinks, such as
tea, coffee, and soft drinks and is the widely in-
gested neuroactive substance in the world8. Evi-
dence has demonstrated that caffeine can easily
pass through the blood-brain barrier (BBB),
which normally restricts chemotherapeutic agents
or drugs9. So, caffeine has a wide range of phar-
macological effects on the CNS. Previously, caf-
feine and its analogs have shown the diverse in-
fluence on pain, Alzheimer’s disease, asthma, dia-
betes mellitus, and schizophrenia10. Recently, sev-
eral studies have further reported the anti-cancer
effects of caffeine through inducing the apoptosis
and inhibiting the proliferation of cells11 in sever-
al cancer types, such as neuroblastoma12, lung
adenocarcinoma13, and skin cancer14. Recent stud-
ies have also shown that caffeine induces p53-in-
dependent G1 phase arrest in lung adenocarcino-
ma cells15. Furthermore, in recent studies, it has
been reported that caffeine can restrain metastasis
in the mouse mammary tumor model, protect the
lung adenoma from turning into adenocarcinoma
and inhibit the cell transformation induced by epi-
dermal growth factor in JB6 cells16-18.

Although the relationship between caffeine
consumption and the risk of gliomas was report-
ed by several studies19, 20, the effects of caffeine
on glioblastomas have not been fully elucidated.
Therefore, in this article, we plan to study the ef-
fects and associated mechanisms of caffeine on
cell viability, cycle dynamics, proliferation and
apoptosis both in glioblastoma C6 and U87MG
cells, which might provide the scientific evidence
and experimental bases for the pharmacological
treatment of glioblastomas in clinical.

Materials and Methods

Cell Culture
The glioblastoma rat C6 and human U87MG

cell lines, obtained from Fengshou Company
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Protein Preparation
The extraction of Caspase-3, Cytochrome C

(Cyt-C), Bax and Bcl-2 proteins was conducted
as previously demonstrated22. In short, cells were
treated on ice with the phosphate-buffered saline
plus 1% Nonidet P-40 (Boster Biology Co.,
Wuhan, China), 0.1% Sodium Dodecyl Sulfonate
(SDS, Sigma Chemical Co., St. Louis, MO,
USA), 20 µl/mL protease inhibitor cocktail
(Zhongshan Co., Beijing, China) and 2 mM
phenylmethylsulfonyl fluoride (Sigma Chemical
Co., St. Louis, MO, USA). After that, the con-
centrations of the proteins were measured using
the Bradford method23, and the spare proteins
were saved up at −40 °C for further use. Each ex-
periment was done at least quintic.

SDS-polyacrylamide Gel Electrophoresis
(SDS-PAGE) and Western Blot Analysis

Equal amounts of C6 and U87MG cell lysates
were fractionated by SDS-PAGE and, then, trans-
ferred onto acetic nitrocellulose sheets elec-
trophoretically. The sheets were treated in TBST
buffer (20 mM Tri-HCl, pH 7.4, 150 mM NaCl,
and 0.1% Tween-20) supplemented with 5% non-
fat dried milk. Then, the cells were incubated at 4
° C for 12 h with the primary antibodies (Zhong-
shan Co., Beijing, China) against Caspase-3
(1:200), Cyt-C (1:200), Bax (1:200), Bcl-2
(1:200) and GAPDH (1:500), respectively. At the
next morning, the sheets was washed with the
TBST buffer and cultured with the specific sec-
ondary antibodies (Zhongshan Co., Beijing, Chi-

The stained cell suspension was analyzed using
FACSCalibur cell analyzer and software (Becton
Dickinson, Franklin Lakes, NJ, USA). Each ex-
periment was done at least quintic.

Proliferation Assay
After caffeine or DMSO treatment for 24 h, 5

× 103 glioblastoma C6 and U87MG cells were
propagated in a 5% CO2 atmosphere at 37 °C, re-
spectively. Then, Cell Counting Kit-8 (CCK-8,
Zhongshan Co., Beijing, China) was used to de-
tect the cell proliferation. After the cells were in-
oculated for 0 d, 1d, 2 d, 3 d and 4 d, CCK-8 was
applied to the culture medium for 1 h, and later
the absorbance was measured at 450 nm through
the multiwell spectrophotometer. Each experi-
ment was done at least quintic.

Apoptosis Assay
Flow cytometry detection was carried out to

study the apoptosis of glioblastomas by calculat-
ing the value of apoptosis ratio (AR). After treat-
ed with caffeine or DMSO for 24 h, rat C6 and
human U87MG glioblastoma cells were harvest-
ed and counted. Cells were resuspended in the
PBS (Boster Biology Co., Wuhan, China). Then
5 ml of PI staining solution was added, and the
mixture was cultured at room temperature for 30
minutes, away from light. After that, flow cyto-
metric analysis was used to measure the AR val-
ues of the C6 and U87MG cells, respectively,
through Cell Quest software (Becton Dickinson,
Franklin Lakes, NJ, USA).

Figure 1. The effects of caffeine on the cell viability in rat C6 and human U87MG glioblastoma cells. A, The cell viability of
C6 cells after the application of different doses of caffeine for 24 h detected by MTT colorimetric assay. The data expresses the
means ± SD. *p<0.05, **p<0.01 vs. the control. A, The cell viability of U87MG cells after the application of different doses of
caffeine for 24 h detected by MTT colorimetric assay. The data expresses the means ± SD. *p<0.05, **p<0.01 vs. the control.
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na). The enhanced Pierce chemiluminescence kit
(Sigma Chemical Co., St. Louis, MO, USA) was
used to visualize the specific protein bands. The
optical density of the bands (normalized with
those of GAPDH) was determined by Image Pro
Plus image analysis system. Each experiment
was done at least quintic.

Statistical Analysis
Data were shown as the mean ± standard devi-

ation (SD). Statistical analysis of variance was
used to evaluate the results. SPSS IBM software
for Mac was used for statistical analysis of the
results (SPSS Inc., Chicago, IL, USA). Statistical
significance was calculated by using the oneway
ANOVA with the Bonferronni correction. p<0.05
was regarded as a statistically significant differ-
ence.

Results

Caffeine Reduced the Cell Viability
of Glioblastoma Cells in the
Dose-Dependent Way

After treated with caffeine for 24 h, MTT col-
orimetric assay was conducted to measure the
percentage of viable cells in glioblastoma C6 and
U87MG cells. Our results demonstrated that caf-
feine decreased the cell viability of glioblastoma
C6 and U87MG cells in the dose-dependent way
(Figure 1 A and B). Caffeine at 1 mM reduced
the cell viability of the both cell lines to less than
70%. Therefore, to avoid any effects on cell via-
bility, the maximal non-cytotoxic concentration
of caffeine on both the two-glioblastoma cell
lines was 0.5 mM and, thereby, this kind of con-
centration was used in our following experi-
ments.

Caffeine Changed the Cell Cycle
Dynamics oof Glioblastoma Cells

To study the effects of caffeine on the cell cy-
cle dynamics in glioblastoma C6 and U87MG
cells, flow cytometric analysis was conducted.
The results showed that treatment for 24 h with
caffeine significantly blocked the cell cycle in the
G0/G1 phase, compared with the normal control
(C6, U87MG: p<0.01, p<0.05, Figure 2 E).
Meanwhile, the percentage of cells in S phase
obviously lower, when comparing to that of the
normal control (C6, U87MG: p<0.01, p<0.01,
Figure 2 F). These dates revealed that caffeine
might change the cell cycle dynamics and inhibit

the proliferation of rat C6 and human U87MG
glioblastoma cells.

Caffeine Inhibited the Proliferation
of Glioblastoma Cells

The changes in the proliferation of both rat C6
and human U87MG glioblastoma cells by caf-
feine or DMSO treatment were further examined
in a CCK-8 assay. As shown in Figure 3 A, after
the cells were inoculated for 0 d, 1 d, 2 d, 3 d and
4 d, the number of rat C6 cells significantly de-
creased in caffeine treatment group, when com-
paring to that of the normal control (day2, day3,
day4: p<0.05, p<0.01, p<0.01, Figure 3 A). Sim-
ilar with rat C6 cells, we also found that the pro-
liferation of U87MG cells was significantly re-
strained by caffeine treatment (day2, day3, day4:
p<0.05, p<0.05, p<0.01, Figure 3 B). Our find-
ings further confirmed that the proliferation of
the glioblastoma cells was suppressed by the
treatment of caffeine.

Caffeine Promoted the Apoptosis
of Glioblastoma Cells

To observe the influence of caffeine on apop-
tosis of both C6 and U87MG glioblastoma cells,
the value of AR was calculated by flow cytome-
try detection. Our results demonstrated that after
caffeine treatment the percentage of apoptotic
cells remarkably increased in C6 cells, when
comparing to that of the normal control (p<0.01,
Figure 4). Moreover, our results also demonstrat-
ed that the application of caffeine induced much
higher apoptosis of glioblastoma U87MG cells,
when comparing to the normal control (p<0.05,
Figure 4). In short, our above results found that
the apoptosis of glioblastoma cells was accelerat-
ed by the introduction of caffeine.

Caffeine Induced The Apoptosis of
Glioblastoma Cells Through Activating
the Caspase-3 Signaling Pathway

To investigate the mechanisms of the apoptosis
induced by caffeine further, Western blot analysis
was used to detect the protein expression of Cas-
pase-3, Cyt-C, Bax and Bcl-2. As shown in Fig-
ure 5, the expression of protein Bcl-2 in caffeine
treated group markedly reduced, when compared
with those in the normal control (C6, U87MG:
p<0.01, p<0.01, Figure 5 A and B). Neverthe-
less, as for the expression of protein Bax, no sta-
tistically significant differences were existed be-
tween the two groups (C6, U87MG: p>0.05,
p>0.05 Figure 5 A and B). Furthermore, increas-
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Figure 2. The influence of caffeine on the cell cycle dynamics in rat C6 and human U87MG glioblastoma cells. (A), (B)
Flow cytometry cell cycle profiles of C6 cell suspension in the normal control group and the caffeine treated group, respective-
ly. (C), (D) Flow cytometry cell cycle profiles of U87MG cell suspension after the application of caffeine or DMSO for 24 h.
(E) The percentage of C6 and U87MG cells in G0/G1 phase is depicted in the bar graphs, respectively. The data expresses the
means ± SD. *p<0.05, **p<0.01 vs. the control. (F) The percentage of C6 and U87MG cells in S phase is depicted in the bar
graphs, respectively. The data expresses the means ± SD. *p<0.05, **p<0.01 vs. the control.
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es in the expression of protein Cyt-C were ob-
served in the caffeine treated group when com-
paring to those in the normal control (C6,
U87MG: p<0.05, p<0.01, Figure 5 A and B).
Similar to the expression of protein Cyt-C, our
results also showed that the expression of protein
Caspase-3 in the caffeine treated group remark-
ably enhanced, compared with those in the nor-
mal control (C6, U87MG: p<0.01, p<0.01, Fig-
ure 5 A and B). These results suggested that caf-

feine decreased the expression of apoptosis relat-
ed protein Bcl-2, but did not elevate the expres-
sion level of Bax protein, with the ratio of
Bax/Bcl-2 increased. After that, the elevated rate
of Bax/Bcl-2 activated increasing release of Cyt-
C through mitochondrial pathway. Ultimately,
the release of Cyt-C activated the caspase-3 path-
way, accelerating the apoptosis of glioblastoma
cells.

Discussion

Glioma, one the most ordinary primary malig-
nant neoplasms in human CNS, is increasingly
studied by the researchers all over the world. As
is know to every researcher, the treatment for
gliomas, especially the glioblastomas, is one of
the most difficult challenges because of its infil-
trative and aggressive nature, so that it cannot be
fully defeated by surgical interference followed
by chemotherapy, making it the main death of
brain tumors24. Because of the BBB, several ther-
apeutic agents are remarkably effective against
glioblastomas in vitro while ineffective in vivo25.
In addition, as a result of the high metabolic
function of brain endothelial cells and shortage
of pinocytic vesicles, the access of the medica-
tions for the treatment of cancer is inhibited from
the plasma to the CNS26. Previous studies have
demonstrated that caffeine can penetrate the
BBB due to its low molecular weight and good
lipid solubility. Recently, some research has also
found that caffeine shows a wide range of phar-

Figure 3. The influence of caffeine on cell proliferation of glioblastomas. A, The relative optical density of C6 cells is depict-
ed in the broken line graph. The data expresses the means ± SD. *p<0.05, **p<0.01 vs. the control. B, The relative optical densi-
ty of U87MG cells is depicted in the broken line graph. The data expresses the means ± SD. *p<0.05, **p<0.01 vs. the control.

Figure 4. The effects of caffeine on the apoptosis in
glioblastoma C6 and U87MG cells. The percentage of apop-
tosis cells in the glioblastoma C6 and U87MG cells is de-
picted in the bar graphs, respectively. The data expresses the
means ± SD. *p<0.05, **p<0.01 vs. the control.
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macological effects on the nervous system, espe-
cially the therapeutic influence on Parkinson’s
and Alzheimer’s diseases10. Nevertheless, the ef-
fects and associated mechanisms of caffeine on
cell viability, cycle dynamics, proliferation and
apoptosis of glioblastomas have not been thor-
oughly studied. Hence, in this present research,
we studied the effects and associated mecha-
nisms of caffeine on glioblastomas through in-
vestigating the cell viability, cycle dynamics,
proliferation and apoptosis both in glioblastoma
C6 and U87MG cell lines. Our results found that
caffeine inhibits the proliferation through arrest-
ing the cell cycle in G0/G1 phase and accelerates
the cell apoptosis both in C6 and U87MG cell
lines. Similar with our findings, it has also been
reported the anti-cancer effects of caffeine on
breast cancer, liver cancer and so on via inducing
the apoptosis and inhibiting the proliferation of
tumor cells13,27.

The major aim of glioblastoma treatment is
causing the cell death of tumors through acceler-
ating the apoptosis, which makes the detection of
apoptosis become a vital diagnostic parameter in
tumor tissues28. The proteins in Bcl-2 family act
as the key regulators modulating the common
apoptosis pathway in the chondriosome29. The
activation of the mitochondrial apoptosis path-
way through pro-apoptotic Bcl-2 proteins is able
to activate different cell death pathways includ-
ing apoptosis30. The key upstream event that
leads to the activation of these different pathways
is mitochondrial outer membrane permeabiliza-

tion. This process is triggered by the membrane
insertion and oligomerization of the apoptosis-re-
lated members Bak and Bax, with subsequent re-
lease of apoptosis-activating factors, such as cy-
tochrome c (Cyt-C), disrupting the integrity of
the external chondriosome membrane and in-
creasing its permeability31. Bcl-2, one of the most
important proteins that against the tumor-related
apoptosis, can protect cells through suppressing
the release of Cyt-C32. Thereby, the ratio of
Bax/Bcl-2 is an essential index suggesting the
apoptosis progression of tumor cells33. Consistent
with former findings, we demonstrated that caf-
feine reduced expression level of Bcl-2, while
did not elevate the expression of Bax, leading to
the enhancement of the ratio of Bax/Bcl-2. After
that, the elevated rate of Bax/Bcl-2 induced Cyt-
C releasing.

Activating the apoptosis in cells is regarded as
a key protective way against development and
progression of glioblastomas. Apoptosis, com-
monly known as the way of programmed cell
death, is regulated by the caspase families. Cas-
pases, with one of the most vital role in transduc-
ing the signals of apoptosis, are the family mem-
bers of cysteinyl aspartate-requiring proteases34.
These kinds of proteins are generally classified
into two groups: the transducing caspases con-
sisting of caspase-2, caspase-8 and caspase-10 as
well as the effect caspases consisting of caspas-
es-3, caspase-6 and caspase-735. In addition, re-
cent evidence showed that caspase-3, the “execu-
tor” protease that is the key machinery of cellular

Figure 5. The influence of caffeine on expression of apoptosis-related proteins. A, The protein expression of Caspase-3, Cyt-C,
Bax and Bcl-2 in the normal control and the caffeine treated groups detected by Western blot analysis. B, Relative quantification
of western blot analysis is depicted in the bar graphs. The data expresses the means ± SD. *p<0.05, **p<0.01 vs. the control.



death and functions at the terminal stages of
apoptosis, hold the key for mobilizing tissue
stem and progenitor cells and promoting tumor
regeneration36. When activating the caspase-3
pathway, some specific substrates for caspase-3
such as PARP are cleaved, causing the apoptosis.
Similar with previous researches, we also found
that the release of Cyt-C induced by caffeine
could activate the caspase-3 pathway, accelerat-
ing the apoptosis and restraining the proliferation
of glioblastomas.

Conclusions

Caffeine has effects on inhibiting the growth
of glioblastomas by promoting their apoptosis.
This kind of apoptosis may be accelerated by
the motivation of the caspase-3 signaling path-
way, which is induced by the increasing release
of Cyt-C as well as the elevated rate of Bax/Bcl-
2. Caffeine could improve the efficacy of the
treatment for glioblastomas. Caffeine is, there-
fore, a promising option for the long-term inter-
stitial therapy for glioblastomas. Our results
provide the experimental bases for further clini-
cal investigations of caffeine, which could be
one hopeful strategy for the therapy of glioblas-
tomas in future.
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