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ABSTRACT

BACKGROUND: Glioma is a type of tumor that occurs in the brain and accounts for almost 30 % of all brain
and central nervous system tumors and 80 % of all malignant brain tumors. In this study, we investigate the
role of cCAMP response element-binding protein (CREB) in the progression of glioma.

METHODS: Tissue samples from glioma patients were collected and examined for expression of CREB and its
correlation with tumor grades. CREB was then knocked down via siRNA to see if reduced expression of CREB
affects cell proliferation and migration. Factors involved in cell cycles, adhesion and apoptosis were examined
as well. Moreover, CRESP/CAS9 mediated knockout of CREB was conducted and athymic Nude mice model
was used to investigate CREB's role in vivo.

RESULTS: The evaluated expression level of CREB in glioma patients was correlated with tumor grades.
Knockdown of CREB via siRNA in glioma cell line U251 significantly inhibited the proliferation and migration
of tumor cells. Moreover, CyclinD1 and Bcl-2 expression were reduced, as well as phosphorylation of IRK1/2
and AKT. Additionally, knockout of CREB via CRESP/CAS9 inhibited tumor formation of U251 cells in athymic
Nude mice model.

CONCLUSIONS: In conclusion, our data suggest that over expression of CREB may contribute to progression
of glioma and knockdown of CREB expression may serve as a novel target for therapy (Tab. 1, Fig. 6, Ref. 25).
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Introduction

Glioma is a type of tumor that occurs in the brain or spine
which arises from glial cells (1). The most common and most ag-
gressive subtype of malignant gliomas is glioblastoma (4). Data
suggested that hereditary genetic disorders such as neurofibro-
matoses (type 1 and type 2) and tuberous sclerosis complex are
known as factors involved their development (9). Currently, the
standard treatment for glioblastoma is the maximal surgical resec-
tion combined with radiotherapy and temozolomide (6, 7). There
is an urgent need to explore novel approaches, such as immuno-
therapy, to improve outcomes for these patients. Therefore, a better
understanding of the molecular mechanism and other prognosis
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markers of gliomagenesis will benefit the development of novel
targeted therapies for this lethal disease.

A recent report focused on the identification of dysregulated
MicroRNAs in glioma demonstrated that miR-433-3p and miR-
433-5p expression was low in glioma tissues and cell lines and
bioinformatics combined with experiment assay suggested that
cAMP response element-binding protein(CREB) is a direct target
of miR-433-3p (11). In this study, we further investigated the ex-
pression of endogenous CREB level from surgery tissue samples
obtained from glioma patients.

Material and methods

Patients and ethic statements

All patients involved in this study were formally informed
for the purpose of using their sample and a letter of consent were
signed by everyone who participated. This study was approved by
the Ethical Committee of Hebei University. The study methodolo-
gies conformed to the standards set by the Declaration of Helsinki.
To minimize the influence of general information on the final result,
we had conducted a systematic analysis for the gender and ages for
these patients. However, no significant difference were observed.

All the glioma samples were collected from the 60 patients
who underwent routine surgery at the second hospital affiliated to
Hebei University from January 2011 to December 2012. All pa-
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tients were confirmed with glioma by pathological examination.
Grading of glioma was subjected to World Health Organization
(WHO) grading system for astrocytoma, under which tumors are
graded from I (least advanced disease—best prognosis) to [V (most
advanced disease—worst prognosis). All enrolled patients did not
received chemotherapy before the surgery. The healthy brain tissue
samples obtained from 10 cases receiving craniocerebral injury
decompression were included as control.

Immunohistochemistry analysis (IHC)

The expression level of CREB proteins from tumor tissues and
healthy tissue were detected by immunohistochemistry method.
Briefly, the paraffin sections were subsequently deparaffinized with
xylene and rehydrated in decreasing concentrations of ethanol.
Antigen retrieval was performed by heating sections in an anti-
gen retrieval buffer (pH, 6.0) in a microwave cooker at 90 °C for
45 min. After antigen retrieval, endogenous peroxidase activity was
blocked via adding 3 % H,O, for 10min. To reduce background, the
section was also blocked by normal goat serum (Sigma-Aldrich,
St. Louis, MO, USA) for 30 min at room temperature (RT). Then,
the sections were incubated with (same dilution applied for all pri-
mary antibodies) rabbit anti-CREB polyclonal antibody (Abcam,
Cambridge, MA, USA), overnight at 4 °C. After primary antibody
incubation, the sections were washed with PBS and incubated with
horseradish peroxidase (HRP) labeled anti-rabbit (Sigma-Aldrich)
antibodies (1:100 dilution) at 37 °C for 60 min and subsequently
washed three times with PBS. The specific reaction between prima-
ry antibodies with its targets was visualized by with DAB kit (Sig-
ma-Aldrich) and the section was counterstained with hematoxylin
(Sigma- Aldrich) and visualized in Olympus CX22 microscope.

Scoring of IHC results was conducted as follows. Briefly, 5
fields were randomly selected from each section for counting the
percentage of CREB positively stained cells. Less than 5 % posi-
tively stained was set as 0 score, 6-25 % positively stained was
set as score 1. 26-50 % positively stained was set as 2. More than
50 % positively stained was set as score 3. The staining score of
each positive cell was further divided to 0 (no stain), 1 (yellow
stain), 2 (tan staining) and 3 (dark tan staining). Multiplication re-
sults of CREB positive stained cells score and staining score was
used to classify the final grading of CREB positive level for each
section. Samples with final score less than 3 were considered as
CREB negative (-). Samples with final score equal or higher than
3 were considered as positive. Samples with final score higher than
4 were considered as strongly positive (++).

Cell lines and chemicals

Human U251 Glioma Cell was purchased from ThermoFisher
Scientific and maintained in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, Carlsbad, CA, USA) supplemented with 10 %
fetal bovine serum (Gibco). The CREB knockout U251 cell was
generated by GeneCopoeia Co. Ltd (Guangzhou, China).

Cell proliferation assay (MTT)

The trypsinized cells were first stained with trypan blue (Sig-
ma-Aldrich) for counting of living cells. Then the single cell
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suspension was seeded in 96 well plates with a density of 2x10*
cell in each well. After overnight incubation, indicated treatments
were conducted, then the cell proliferation was determined at the
indicated time points by using MTS Cell Proliferation Colori-
metric Assay kit (Biovision, Milpitas, CA, USA) according to
manufacturer’s instruction with VICTOR™X5 Multilabel Plate
Reader(PerkinElmer, Waltham, MA, USA).

Western blot analysis

Tissue samples from patients was frizzed by liquid nitrogen
for homogenization. Then homogenized tissue samples or cultured
cells were lysed by the Laemmli Sample Buffer as previously de-
scribed (12, 13). Proteins from lysate were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and analyzed by Western blot as previously described (13). Brief-
ly, SDS-PAGE were used for separating denatured proteins and
then transferred onto PVDF membrane first. Then, the transferred
membranes were probed with rabbit anti-CREB antibody (Abcam),
rabbit anti-CyclinD1 antibody (Abcam), rabbit anti- E-cadherin
antibody, anti-Bcl-2 monoclonal antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA), anti-Bcl-2 monoclonal antibody(Santa
Cruz), rabbit anti-pERK antibody (Abcam) and rabbit anti-phos-
pho-Akt (Ser473) antibody (Cell signaling technology, Trask Lane
Danvers, MA, USA). Specific reactions were detected by using
goat anti-rabbit IgG or anti-mouse IgG conjugated with horserad-
ish peroxidase (Sigma-Aldrich) and revealed by a chemilumines-
cence substrate (Bio-Rad Laboratories, Hercules, CA, USA). All
membranes were also probed with GAPDH (Sigma-Aldrich) to
normalize the protein loading. The chemiluminescence signal was
recorded by the ChemiDoc XRS imaging system (Bio-Rad Labo-
ratories) and all data analyses were conducted by the ImageLab
Program (Bio-Rad Laboratories).

Reverse transcription and Real-Time PCR (qPCR)

Total cellular RNA from tissue sample or cell line was isolated
by using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to manufacturer’s instruction. RNase-free DNase (Promega,
Madison, Wisconsin, USA) was added to remove genome DNA
contamination from the RNA isolation procedure. Reverse tran-
scription was performed by AMV reverse transcriptase (Promega)
using a combination of oligo dT and random hexamer according
to manufacturer’s recommendation. Real-time PCR detection with
SYBR Green Mix (Life technologies) for the targeted genes was
previously described (12, 14). Transcript of GAPDH was detected
from the same samples to serve as housekeeping gene for normal-
ization of RNA loading. Gene expression was quantified by 2-44¢T
method as previously described (15). Primers used in this study
are listed in Table 1.

Transwell cell invasion assay

To evaluate the capability of cell invasion, the Transwell cell
invasion assay was conducted as previously described with mod-
ifications (16). Briefly, 12 hours before the experiment, the cell
culture medium was discarded and replaced with FBS free DMEM
for miRNA transfection. 24 hours after transfection, the cell was
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Tab. 1. Scoring and statistical analysis for CREB expression from
glioma patients.

Grade n CREB Positive rate (%)
- + ++

Control 5 3 2 0 40

Grade I-11 15 5 10 0 66.7*

Grade 11 12 1 7 4 91.7*

Grade IV 28 0 9 19 100%

trypsinized and stained with trypan blue for cell counting. In total
100uL cell suspension medium was added into Transwell chamber
and cultured for another 48h. Then those chambers were stained
with hematoxylin. A total of six microscopic fields were randomly
selected from each chamber and were captured for quantification.

Statistical analysis.

Statistical analyses were performed using SPSS 13.0 (SPSS
Inc.). All data are presented as Means+SD. Differences in indi-
cators between samples were subjected to the Student’s t test. A
two tailed p value of less than 0.05 was considered statistically
significant.

Results

CREB over expression in glioma patients was correlated with
glioma grade

CREB (cAMP response element-binding protein) is a cellu-
lar transcription factor which binds to cAMP response elements
(CRE) to increase or decrease the transcription of the downstream
genes (17). Arecent study demonstrated that miR-433-3p and miR-
433-5p have low expression in glioma tissues and cell lines and
bioinformatics combined with experimental assay suggested that

from healthy controls and glioma patients. A: Representative IHC im-
age of CREB expression in sample from healthy individuals; B: Rep-
resentative IHC image of CREB expression in sample from Grade | to
11 glioma patients; C: Representative IHC image of CREB expression
in sample from Grade I11 glioma patients; D: Representative IHC im-
age of CREB expression in sample from Grade 1V glioma patients.

cAMP response element-binding protein(CREB) is a direct target
of miR-433-3p (11). It is interesting to know if CREB is over ex-
pressed in glioma patients and what kind of role CREB plays for
the prognosis of glioma. To test our hypothesis, we first examined
the expression of CREB in tumor samples obtained from patients.
Based on our IHC analysis, CREB expression in healthy samples
is almost non-detectable or expressed at very low level (Fig. 1A).
In samples obtained from Grade I to II glioma patients, CREB
expression level is similar to healthy controls (Fig. 1B), how-
ever, CREB expression level was significantly higher in samples
obtained from Grade III to IV glioma patients (Figs 1C and 1D).

To confirm our observation for increased CREB expression
in glioma patients, we further analyzed the CREB mRNA and
protein level via real-time PCR (qPCR) and western blotting.
It was demonstrated that increased CREB expression level was
correlated with grade of glioma obtained from patient’s sample.
There were nearly 3 folds and 4 folds changes in CREB mRNA
in patients with grade III and grade IV glioma, respectively (Fig.
2A). Western blot also confirmed the observation from qPCR (Fig.
2B). Moreover, quantification of WB data (CREB/GAPDH ratio)

CREB mRNA level
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Fig. 2. Evaluation of CREB expression in samples from healthy con-
trols and glioma patients via gPCR and WB, A: CREB mRNA level in
samples obtained from healthy individuals and glioma patients with
different Grades; A: CREB protein level examined by WB in samples
obtained from healthy individuals and glioma patients with different
Grades; C: Quantification of WB data from healthy individuals and
glioma patients with different Grades.
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Fig. 3. Knockdown of CREB expression via siRNA in glioma cell line
U251, A: Evaluation of CREB mRNA level in U251 cells without trans-
fection or transfected with scramble control siRNAand CREB siRNA,
B: WB evaluation of CREB protein level in U251 cells without trans-
fection or transfected with scramble control siRNAand CREB siRNA.

suggested a similar trend as we observed in qPCR. The detailed
data of CREB expression analysis for every patient are listed in
Table.1. Taken together, these data suggest that CREB expression
is evaluated in glioma patients and correlates with grade of glioma.
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Knock-down of CREB via siRNA inhibits glioma cells growth and
cell migration

To further explore the role CREB expression plays in the
prognosis of glioma, we knocked-down the expression via siR-
NA in glioma derived cell lines. The siRNA targeted CREB was
transfected to U251 cell alone with its scramble control cells. The
expression of both mRNA or protein of CREB was further tested
via qPCR and western blot. Based on our results, transfection of
CREB-specific siRNA led to 80% reduction of CREB mRNA level
which is similar to Western Blot data (Figure.2A and B), which sug-
gested the siRNA mediated CREB knock-down is highly efficient.

After confirmation of CREB knock-down efficiency in U251
cell, the proliferation of U251 cell was tested first. On the one
hand, based on MTT cell proliferation assay, U251 cells with
transfection of scramble siRNA demonstrated very similar pro-
liferation rate as normal U251 cells without any treatment (Fig.
3A). However, U251 cells transfected with CREB specific siRNA
demonstrated reduced proliferation level within 24 hours posted
transfection. OD450 value demonstrated that proliferation of U251
cells transfected with CREB specific siRNA only showed 50 %
and 80 % proliferation rate compared with control cells or cells
transfected with control siRNA after 12 hours and 24 hours, respec-
tively. On the other hand, the Traswell Cell migration assay was
also conducted as well to test if the reduction of cell proliferation
could lead to reduced cell migration. The representative images
of each groups are shown in Figure 3B. As shown in these im-
ages, knock-down expression of CREB significantly reduced the
cell migration. Further quantification demonstrated that there was
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Fig. 4. Knockdown of CREB expression in U251 inhibits proliferation and cell migration, A: Cell proliferation assay for U251 cells without
transfection or transfected with scramble control siRNA and CREB siRNA; B: Representative image of cell migratin assay of U251 cell with-
out transfection or transfected with scramble control siRNA and CREB siRNA.
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Fig. 5. Knockdown of CREB expression in U251 changing the expres-
sion of host factor involved in cell cycle and apoptosis, WB blot analysis
for CyclinD1, Bcl-2, Bax, phosphorylated IRK1/2 and phosphorylated
AKT, E-cadherin.

a near 70 % reduction of cell migration if CREB specific siRNA
was introduced into the cells (Fig. 3C). Taken together, these data
suggested that knock-down of CREB via siRNA inhibited glioma
cells growth and cell migration.

Knock-down of CREB affects expression of proteins involved in
cell proliferation, apoptosis and adhesion

To underline the mechanism of CREB expression played dur-
ing proliferation of glioma cells, we also examined the expression
level of other cell cycles or apoptosis related proteins such as Cy-
clinD1, BCL-2 and other genes. Based on our data, CyclinD1, Bcl-
2, phosphorylated IRK1/2 and phosphorylated AKT were shown
to be reduced in CREB-specific siRNA transfected cell, while E-
cadherin and Bax were increased (Fig. 5). Taken together, these
data suggest that knock-down of CREB is able to inhibit prolif-
eration of glioma derived cell lines in vitro.

Knockout of CREB via CRESP/CAS9 inhibits glioma cells line
growth in vivo

Based on the in vitro study, we concluded that knockdown of
CREB in U251 cells is able to inhibit proliferation and migration
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Fig. 6. Knockout of CREB via CRESP/CAS9 inhibits glioma cells line growth in vivo, A. Representative image of tumor growth in NOD mice
injected with normal U251 cell, U251-NT, U251KO; B: evaluated for tumor size obtained from NOD mice injected with normal U251 cell, U251-
NT, U251KO0; C: Quantification of tumor weight obtained from NOD mice injected with normal U251 cell, U251-NT, U251KO.
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of tumor cell, however, it is still unclear if knockdown of CREB
could function similarly in vivo (Fig. 4). To confirm our specula-
tion, we generated CREB knockout cell line via CRISPR-Cas9
mediated genome editing (conducted by GeneCopoeia Co. Ltd)
and injected the knockout cell line to nod mice. A control cell line
(U251-NT) was used as control. The formation of tumor and tu-
mor size was significantly higher in nod mice injected with normal
U251 cell and U251-NT control cell than in mice injected with
CREB knockout (KO) cells (Figs 6A and B). To quantitatively
compare the formation of tumor, we evaluated the tumor weight
from mice injected with different cells as well and it consisted of
direct observation of small size of CERB-KO U251 cell. Taken
together, our data suggested that knockout CREB via CRESP/
CAS9 inhibits glioma cells line growth in vivo.

Discussion

CREB (cAMP response element-binding protein) is a cellular
transcription factor or co-activator which binds to certain DNA
sequences called cAMP response elements (CRE), thereby increas-
ing or decreasing the transcription of the downstream genes (18).
CREB contains a basic/leucine zipper structure (bZIP) and can be
activated through phosphorylation at Ser-133 via a number of ki-
nases pathways, including the PKA, PKC, CaM kinases, p90RSK,
and ERK1/2 signaling pathways (19, 20). CREB has been indicated
to play key roles in the development and progression of multiple
cancers, including malignant mesothelioma, non-small cell lung
cancer, leukemia and breast cancer (21-23). In our study, we first
tested if CREB expression is evaluated in glioma samples obtained
from patients. It appears that CREB expression level is correlated
with the Grade III to IV glioma patients, which is consistent with
previous observation of reduced expression of miR-433-3p and
miR-433-5p (potential regulator for CREB) was correlated with
evaluated CREB level in glioma patients.

In this study, we investigated the role of CREB in glioma cell
line both in vitro and in vivo. On the one hand, in vitro study con-
ducted in U251 cell suggested that knockdown of CREB expres-
sion significantly inhibited proliferation and migration of glioma
cell lines. On the other hand, in vivo nod mice model further
confirmed that knockout of CREB via CRESP/CAS9 technology
prevented tumor formation in vivo.

It has been suggested that CREB was capable to regulate glio-
blastoma tumor cell proliferation which involves activities down-
stream from both the MAPK and PI3K pathways and modulate
the expression of three key cell cycle factors, such as cyclin B1,
cyclin D1 and PCNA (24). Therefore, in our experiment, we also
tested the expression of cell cycle factors as well. Our data sug-
gested that knockdown of CREB in glioma cell lines reduce the
expression of CyclinD1 as well as reduced phosphorylated IRK1/2
and AKT, which is consisted with previous reports. Moreover, be-
sides reduced expression of factors involved in cells cycles, we
also notice that expression of genes involved in apoptosis was
also changed, such as reduction of anti-apoptotic protein Bcl-2
and pro-apoptotic protein Bax (Figure.5), which may contribute
to anti-proliferation effect in CREB knock down cells.
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In our experiment, we also notice that knockdown of CREB ex-
pression in glioma cell line U251 inhibits cell migration. It has been
suggested that the E-cadherin—catenin complex plays a key role
in cellular adhesion and loss of E-cadherin’s function is thought
to contribute to progression in cancer by increasing proliferation,
invasion, and/or metastasis in many different tumor types (25).
Our data suggested that knock down of CREB will lead to evalua-
tion of E-cadherin, which may contribute to cell migration inhibi-
tion as E-cadherin plays a key role in cellular adhesion. Moreover,
evaluation of E-cadherin may inhibit proliferation of U251 cell as
well. In conclusion, our data suggest that over expression of CREB
may contribute to progression of glioma and knockdown of CREB
expression may serve as a novel target for therapy.
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