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Abstract

Introduction: The aim of this study was to determine the influence of the far
upstream element binding protein 1 gene (FUBP1) on chemotherapy sensi-
tivity in human U251 glioblastoma cells.

Material and methods: Real-time polymerase chain reaction (PCR) was used
to determine the expression of the FUBP1 gene in 43 cases of human brain
gliomas. Western blot analysis was used to determine the inhibitory effect
of RNA interference on FUBP1 gene expression. Methyl thiazoly!l tetrazoli-
um assay (MTT) and flow cytometry methods were used to determine the
growth inhibitory rate and apoptosis rate of the U251 cells with FUBP1 si-
lencing. The growth inhibitory rate and apoptosis rate were further deter-
mined after treatment of those U251 cells with cisplatin (DDP).

Results: The expression of FUBP1 mRNA was up-regulated significantly
in gliomas, 177.65% as much as in peri-cancerous tissues (p < 0.05). The
expression of FUBP1 protein was inhibited significantly with siRNA-FUBP1
(p < 0.05). In FUBP1-silenced cells, the growth inhibitory rate increased
from 1.4% to 29.5%, and the apoptosis rate increased from 2.68% to 5.84%
(p < 0.05 for both). After treating with DDP at various concentrations (1, 3,
5 pg/ml), the growth inhibitory rate of FUBP1-silenced cells increased from
14.42%, 17.46% and 23.55% to 21.69%, 27.51% and 37.57%; the apopto-
sis rate increased from 8.85%, 14.37% and 18.21% to 13.25%, 18.46% and
26.52%.

Conclusions: The up-regulation of FUBP1 relates to the carcinogenesis of
gliomas. FUBP1 silencing increases the growth inhibitory rate and apoptosis
rate of the U251 cells, and enhances the chemotherapy sensitivity of U251
cells to DDP.

Key words: brain glioma, far upstream element binding protein 1 gene,
chemotherapy sensitivity, U251 cell.

Introduction

Gliomas are the most common malignant primary brain tumors, mak-
ing up 60% of all malignant primary brain tumors. Gliomas are character-
ized by their invasiveness and common tendency to grow from low grade
to high grade [1]. Gliomas are rarely curable. Treatment for a glioma is
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customized to the individual patient and may in-
clude surgery, radiation therapy, chemotherapy, or
observation. So far, surgery is the most important
initial approach. Chemotherapy and radiotherapy
after initial surgical resection is regarded as an ef-
fective treatment plan to prevent recurrence and
metastasis [2]. However, chemotherapy does not
work for everyone with a glioma. It helps about
half the people treated. For this reason, the prog-
nosis for patients especially with high-grade gli-
omas is still gloomy, despite being given prompt
and comprehensive treatment. The median sur-
vival time for adults with an anaplastic astrocyto-
ma is about 2 to 3 years, and for those with more
aggressive glioblastomas, median survival drops
off to about 12-14.6 months, with a 2-year medi-
an survival rate of 30% [3].

In this new era, investigating the molecular
mechanisms in tumor formation might shed light
on this deadly disease [4-6]. Far Upstream Element
(FUSE) Binding Protein (FUBP) was first described
by Avigan et al. [7] as a factor associated with the
Far Upstream Element (FUSE) of the c-myc gene.
FUBP family members (FUBP1, FUBP2, and FUBP3)
are expressed generally in human tissues closely
linked with various transcript processing factors
that regulate cell proliferation and apoptosis [8,
9]. In our preliminary work, we demonstrated the
overexpression of the FUBP1 gene in human glio-
mas detected by gene chips.

Hence, the goal of this study was to first detect
the expression of FUBP1 in human gliomas and
clarify its correlation with pathological grades, and
then explore its possible impact on chemotherapy
sensitivity of human glioma U251 cells.

Material and methods
Materials

All specimens were from 43 patients provided
by the Department of Neurosurgery, Shengjing
Hospital of China Medical University from March
2010 to May 2012. All activities were approved by
the review boards of our hospital, and informed
consent was obtained from all participants. The
tumors with at least 1 cm margin from the cor-
responding peri-cancerous tissues were obtained
from all patients through surgical resection and
further histologically proven to be gliomas. The
patients include 29 men and 14 women (mean
age: 51.3 +4.6 years, age range: 47-66 years).
All patients were naive to chemotherapy and ra-
diotherapy before surgery, including 23 cases of
astrogliomas (grade I-l1), 11 of anaplastic gliomas
(grade ), and 9 of glioblastomas (GBM, grade
IV). Human glioblastoma cell line U251 was ob-
tained from Biological Sciences Cell Resource
Center (China). Real-time polymerase chain reac-

tion (PCR) reagents were from Takara Bio (China),
SiRNA-FUBP1, siRNA-control and TransMessenger
from Invitrogen (Carlsbad, CA, USA), and DDP from
Sigma (USA). The MTT Cell Proliferation Assay Kit
was from Beyotime Company (Shanghai, China),
and Annexin V Cell Apoptosis Assay Kit was from
Biosea Company (Beijing, China). The PCR primers
of the FUBP1 gene were synthesized by Sangon
Biotech (Shanghai, China).

Methods
Real-time polymerase chain reaction

The total RNA was extracted using TRIZOL re-
agent (Invitrogen) and quantified using a spectro-
photometer. Two-step real-time PCR was carried
out to amplify the FUBP1 gene. The FUBP1 primer
was designed by Primer 5 as follows: forward prim-
er, 5’- ACACCCGAAAGGATAGCAC -3’, reverse prim-
er, 5’- TTGCCTTGACCTCTACCTC -3’, and glyceral-
dehyde-3-phosphate-dehydrogenase (GAPDH) as
reference. Real-time PCR analysis was performed
using the ABI prism 7500 (Applied Biosystems)
and analyzed using the software 7500 Software
v2.0. The PCR parameters were as follows: 30 s at
95°C, then 40 cycles of denaturation at 95°C for
5 s, annealing at 60°C for 30 s, and extension at
72°C for 1 min. The acquired data were analyzed
by the comparative threshold cycle (CT) method
(222t method) for quantitative analysis of FUBP1.
(Formula: (1) AAC, = AC, Experimental group
(2) AC, = C,

t, Target gene -

t, Control group’

t, Reference gene’*

Cell transfection

U251 cells (5 x 10* cells per well) were seeded
into 6-well plates and cultured for 24 h. Then 1 mg
of siRNA-FUBP1 or siRNA-control was mixed
with Enhancer R, followed by mixing with 4 ul of
TransMessenger, and then 900 pl of serum-free
medium was further added for incubating the
non-transfected U251 cells. The culture medium
was removed 2 h later from each well and washed
twice with PBS, and then the cells were cultured in
normal medium.

The cells were split into 3 groups: the blank
control group (C1), untransfected U251 cells; the
negative control group (C2), U251 cells transfect-
ed with the control siRNA; and the FUBP1 silenc-
ing group (Fs), U251 cells transfected with siRNA-
FUBP1.

Western blot analysis

After collecting the cells in each group and
extracting proteins from the plasma, the Brad-
ford protein assay was used to measure the con-
centration of protein. After loading the protein
samples, images were acquired through steps of
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SDS-PAGE electrophoresis, transmembrane, iso-
lation, incubation of antibody, electrochemilumi-
nescence (ETL) and imaging, etc.

The ECL Western blot analysis system (Santa
Cruz, USA) was used for detecting protein expres-
sion of FUBP1. The integrated density values (IDV)
were calculated using a computerized image anal-
ysis system (Thermal Imaging System FTI-500,
Pharmacia Biotech) and normalized with that of
GAPDH. Relative expression of FUBP1 = gray scale
value of FUBP1 bands/gray scale value of refer-
ence protein GAPDH.

Detection of cell growth inhibitory rate by
MTT assay

After collecting the cells from all groups, a cell
suspension was prepared at a density of 1-2 x
10°/ml. Then 200 pl of the cell suspension was
dispensed in a 96-well plate and incubated for
12 h. MTT reagent (5 mg/ml) was prepared with
serum-free medium, and then added to the wells
(20 pl for each well) and incubated for 4 h. The
MTT medium was removed until purple precipi-
tate was visible, then 0.2 ml of DMSO was added
to each well and shaken for 5 min. After further
incubating for 30 min, absorbance was recorded
on a microplate reader (Bio-Rad, USA) using a test
wavelength of 490 nm. The cell growth curve was
constructed by using the OD,, as the ordinate
axis.

Detection of apoptosis and cell cycles by
flow cytometry

After collecting the cells from all groups,
the cells were suspended in PBS and placed in
a centrifuge for 1 min at 1000 r/min at 4°C, and
repeated two more times to obtain cell suspen-
sions at a density of 5 x 10%/ml. The cells were
mixed with 10 pl of annexin and incubated at
room temperature away from light for 15 min,
and then 5 pl propidium iodide (PI, 10 mg/l) was
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Figure 1. Real time-PCR analysis for FUBP1T mRNA
expression in brain glioma tissues and peri-cancer-
ous tissues

*p < 0.01 vs. peri-cancerous tissues.

added to each. Then the cells were subjected
to flow cytometry (FACScan, Becton Dickinson)
(Ex 488 nm, Em 635 nm) and analyzed using
CELLQuest 3.0 software (BD, NJ, USA). Annexin
V positive cells were regarded as apoptosis cells.
The cells were counted by a dual-color flow cyto-
metric method.

U251 cells treated with DDP

U251 cells were treated with DDP of three dif-
ferent concentrations (1, 3, 5 pg/ml), and the cell
growth inhibitory rate and apoptosis rate were de-
termined after 24 h of incubation. The cells were
grouped as follows: DDP group: U251 cells treated
with DDP; Fs + DDP group: FUBP1-silenced U251
cells treated with DDP.

Statistical analysis

All results were obtained from independent ex-
periments and analyzed with SPSS 18.0. All data
were expressed as mean * standard deviation
(SD). Student’s t-test was performed to determine
significant differences between two groups. Pear-
son’s correlation was analyzed between the grade
of glioma and relative expression levels of FUBP1
mRNA. One-way ANOVA and post hoc compari-
sons (LSD test) were used to determine significant
differences among multiple groups. Value of p <
0.05 was considered as significant.

Results

Real-time PCR detection of FUBP1 mRNA
expression in human brain gliomas

Amplification of the FUBP1 gene was shown in
human brain gliomas using primer melting curve
analysis. In the real time-PCR analysis, the AC, of tu-
mors and peri-cancerous tissues was 3.417 +0.264
and 4.246 +0.283 respectively, and the AAC, was
—-0.829. Thus, the expression of FUBP1 mRNA in
the glioma tumors was significantly higher than
that in peri-cancerous tissues (p < 0.05) (Figure 1),
showing an increase in expression by 177.65%
compared to the corresponding peri-cancer-
ous tissues. Further, the expression of FUBP1 was
positively correlated with the pathologic grades
(r = 0.425, p = 0.005, Pearson’s correlation, i.e.
negatively correlated with the differentiation) of
gliomas (p < 0.05) (Table I).

Impact of FUBP1 silencing on growth
inhibition and apoptosis of U251 cell

These experiments revealed clear bands in all
groups (Figure 2). The expression of FUBP1 pro-
tein in the C1, C2 and Fs groups was 0.473 +0.023,
0.508 +0.031 and 0.147 +0.014 respectively. No
significant difference was found between the C1
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Table 1. Correlation between FUBP1 mRNA expression in brain glioma tissue and pathological differentiation

Differentiation (grade) Number of FUBP1 mRNA expression relative quantification  P-value
cases (gliomas/peri-cancerous tissues)

Medium-well differentiated (grade I-I1) 23 1.724 +0.163 < 0.05*

Anaplastic glioma (grade Il1) 11 1.824 £0.185

Glioblastoma (GBM, grade 1V) 9 1.853 +0.178

A one-way ANOVA showed that FUBP1 mRNA expression in brain glioma tissue was significantly different among the three groups with
different pathological differentiation of glioma (p < 0.05). The LSD test showed significant difference between groups of medium-well
differentiated glioma (grade I-11) and anaplastic glioma (grade: Ill) (p = 0.03), as well as groups of medium-well differentiated glioma

(grade I-11) and glioblastoma (GBM, grade: 1V) (p = 0.01).

and C2 groups (p > 0.05). However, protein ex-
pression was down-regulated significantly in the
Fs group as compared to the other two groups
(p < 0.05). In addition, the expression of stathmin
showed no significant difference among these
three groups (Figure 2).

The OD,,, values of the C1, C2 and Fs groups
were 0.831 +0.041, 0.819 +0.036 and 0.586 +0.033
respectively. The growth inhibitory rate increased
from 1.4% in the C2 group to 29.5% in the Fs group
(Figure 3), presenting significantly higher inhibition
of cell proliferation in the Fs group (p < 0.05).

The apoptosis rate of the C1, C2 and Fs groups
were 2.68 +0.17%, 2.73 +0.14% and 5.84 +0.22%,
respectively (Figure 4). There was no signifi-
cant difference between the C1 and C2 groups
(p > 0.05). The apoptosis rate in the Fs group was
significantly elevated relative to the C1 and C2
groups (p < 0.05).

Impact of FUBP1 gene silencing on
chemotherapy sensitivity of human glioma
U251 cells

Impact of FUBP1 gene silencing on growth
inhibitory rate of U251 cells

The OD,,, values of the DDP group with con-
centrations of 1, 3, 5 pg/ml were 0.647 +0.036,
0.624 +0.031 and 0.578 +0.038, while OD,, val-

ues for the Fs + DDP group were 0.647 +0.036,
0.624 +0.031 and 0.578 +0.038 respectively, and

Cc1 c2 Fs

Figure 2. Western blot analysis for FUBP1 and
stathmin expression of U251 cells treated with
siRNA transfection

the value of the blank group was 0.756 +0.037.
Following similar trends, the inhibition rates of
the DDP group (1, 3, 5 ug/ml) were 14.42 +0.11%,
17.46 £0.10% and 23.55 +0.14%, while the inhi-
bition rates for the Fs + DDP group were 21.69
+0.12%, 27.51 +0.13% and 37.57 +0.14% respec-
tively (Figure 5). The inhibition rate at each DDP
concentration was significantly higher in the Fs +
DDP group than in the DDP group (all p < 0.05),
indicating stronger inhibition of the U251 cell pro-
liferation in the Fs + DDP group. The I1C50 of DDP
decreased from 5.12 +0.31 pg/ml to 3.93 +0.24
ug/ml (p < 0.05).

Impact of FUBP1 gene silencing on
apoptosis rate of U251 cells

The growth apoptosis rate of U251 cells in the
DDP group at DDP concentrations of 1, 3, 5 pg/

c2 Fs

Figure 3. Impact of FUBP1 gene silencing on U251
cell growth inhibitory rate

*p < 0.01 vs. C2 group.
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Figure 4. Impact of FUBP1 gene silencing on U251
cell apoptosis rate

*p < 0.01vs. C1and C2 group.
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Growth inhibitory rate of U251 (%)

1 3 5
DDP [pg/ml]

E DDP group O Fs + DDP group

Figure 5. Growth inhibitory rate of U251 cellin DDP
group and Fs + DDP group at different DDP concen-
trations (1, 3, 5 pg/ml) (n = 3)

*p < 0.01 vs. each pair of DDP group and Fs + DDP group.

ml were 8.85 +0.46%, 14.37 +0.57% and 18.21
+0.62%, and the Fs + DDP group growth apopto-
sis rates were 13.25 +0.54%, 18.46 +0.58% and
26.52 +0.46% respectively (Figure 6). The growth
apoptosis rate at each DDP concentration was
significantly higher in the Fs + DDP group than
in the DDP group (all p < 0.05). Western blotting
was used to show the expression of NOXA of
U251 cells in the DDP group and Fs + DDP group
at different DDP concentrations (Figure 7). The ex-
pression of NOXA at each DDP concentration was
significantly higher in the Fs + DDP group than in
the DDP group (all p < 0.05).

Discussion

The three FUBP family members (FUBP1,
FUBP2, and FUBP3) belong to an ancient family
of single-stranded DNA binding proteins. FUBP1
is a multifunctional factor which is required for
proper regulation of the c-myc proto-oncogene. It
has been related to various transcript processing
steps in the precise control of c-myc transcription
gene expression, which plays a role in prolifera-
tion, cell cycle progression, differentiation, apop-
tosis and cell metabolism [10, 11]. FUBP1 also in-
teracts with specific RNAs, implicating additional

DDP group
(1 pg/ml DDP)

DDP group
(3 pg/ml DDP)

30 *
g 25
b
*
o 20+
k]
L 151 *
[
0
2 107
a
5
< 57
0-
1 3 5
DDP [pg/ml]
E DDP group O Fs + DDP group

Figure 6. Apoptosis rate of U251 cells in both DDP
group and Fs + DDP group at different DDP concen-
trations (1, 3, 5 ug/ml) (n = 3)

*p < 0.01 vs. each pair of DDP group and Fs + DDP group.

functions in the regulation of neuronal differenti-
ation, viral replication and cell growth [11]. Conse-
quently, FUBP1 is involved in the regulation of the
proliferation and differentiation of cells, which has
been experimentally confirmed by some recent
studies [8, 12]. Moreover, FUBP1 gene mutation or
abnormal expression [12—-14] has been reported in
glioma and liver cancer in previous literature.

In this study, we performed semiquantitative
real-time PCR and observed elevated expression
of FUBP1 mRNA in brain glioma tissue, indicat-
ing the underlying correlation of FUBP1 with the
carcinogenesis of human brain gliomas. Further-
more, the expression of FUBP1 significantly cor-
related with the pathologic differentiation and
grade of gliomas. Our data demonstrated that
high-level expression of FUBP1, which promoted
tumor growth and migration, correlated with poor
differentiation and high grade of glioma patients.
This suggests that FUBP1 plays an important role
in glioma pathogenesis, progression, invasive-
ness and metastasis. Liu et al. [15] reported sim-
ilar results in a cohort of 37 patients with esoph-
ageal cancer, showing that the relative FUBP1
mRNA expression in esophageal cancer tissue
was significantly higher than that in the peri-can-

DDP group
(5 pg/ml DDP)

(Fs + DDP) group
(1 pg/ml DDP)

(Fs + DDP) group
(3 ng/ml DDP)

(Fs + DDP) group
(5 pg/ml DDP)

Figure 7. Western blot analysis for NOXA expression of U251 cells in both DDP group and Fs + DDP group at dif-

ferent DDP concentrations (1, 3, 5 pg/ml)
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cerous tissues shown by immunohistochemistry
and fluorescence quantitative polymerase chain
reaction (FQ-PCR). The FUBP1 mRNA expression
was related to the degree of differentiation, and
the occurrence of lymph node metastasis and dis-
tant metastasis, indicating that FUBP1 may have
an important effect on the pathogenesis, devel-
opment, infiltration, and metastasis of esopha-
geal cancer. Further, increased FUBP1 expression
enhanced susceptibility of esophageal tissue to
carcinogenesis. The results of Baumgarten et al.
[16] indicate that FUBP1 expression levels were
increased in all glioma subtypes as compared to
normal central nervous system (CNS) control tis-
sue and were associated with increased prolifer-
ation, and FUBP1 mutation was associated with
oligodendroglial differentiation. Consistent with
these results, our study further demonstrates
that the FUBP1 gene is positively correlated with
pathologic grades, and functions as an oncogene
in tumors. Moreover, we silenced FUBP1 gene
expression in U251 cells and investigated the
growth inhibitory rate and apoptosis rate. Our
results showed that the gene silencing of FUBP1
induced remarkable apoptosis and reduced the
proliferation ability of gliomas. Studies on the
correlation between FUBP1 and apoptosis are
very rare in the literature, calling for future efforts
to investigate the mechanisms of how FUBP1
influences cell proliferation and apoptosis. In ad-
dition, we checked the expression of stathmin
protein in U251 cells with FUBP1 silenced, and
the expression of stathmin showed no significant
difference. Malz et al. [17] reported that inhibi-
tion of FUBP1 reduced stathmin at the protein
levels in liver cancer cells, which is not consistent
with our data. We speculate that the difference
between our study and their study might result
from the different modulating mechanism of dif-
ferent tissues. Stathmin might not be involved in
the process of FUBP1 influencing the cancer cell
functions of the glioma.

Up to now, therapeutic approaches have been
tailored for individual patients, depending on the
nature of the tumor, the growth rate, the location
and the patient’s state. Upon initial diagnosis of
glioma, standard treatment consists of maximal
surgical resection, combined with optional ra-
diotherapy and chemotherapy. Radiotherapy and
chemotherapy are recommended for reducing the
risk of recurrence and metastasis. Chemotherapy
is the treatment of cancer with one or more cy-
totoxic anti-neoplastic drugs (“chemotherapeutic
agents”) as part of a standardized regimen. At
present, dosage of chemotherapy can be difficult
due to a compromise between toxicity and effi-
cacy. For this reason, chemotherapy sensitivity is
of vital importance to give guidance on the cus-

tomized dose for individuals to maximize the ef-
fectiveness and minimize side-effects [18]. FUBP1
is proven to be involved in regulating cell prolifer-
ation and apoptosis, and silencing of the FUBP1
gene induced remarkable apoptosis and reduced
the proliferation ability of U251 cells. Therefore,
we hypothesized that FUBP1 might influence the
effect of chemotherapy on gliomas. For this rea-
son, the FUBP1-silenced U251 cells were treated
with different concentrations of DDP (1, 3, 5 pg/
ml) [19, 20] and then characterized. The growth
inhibitory rate and apoptosis rate increased dra-
matically as compared with normal U251 cells,
indicating the inhibition of cell proliferation and
indicating the possibility of better chemotherapy
for patients. Another study reported by Malz et
al. also found coordinated overexpression of two
FUBP family members (FUBP1 and FUBP2) in liver
cancer cells, and FUBP1 predominantly induced
tumor cell proliferation [17]. They speculated that
the coordinated activation of FUBP1 and FUBP2
represented a new target for pharmacological in-
tervention. These possible therapeutic approach-
es ranged from inhibition of common positive
upstream modulators for FUBP1/2 (e.g., growth
factor receptors) to the activation of proteolytic
degradation of FUBPs.

In conclusion, FUBP1 functions as an oncogene
in glioma carcinogenesis. The silencing of FUBP1
could enhance the chemotherapy sensitivity of
DDPin U251 cells. In this context, FUBP1 would be
a new potential target for gene glioma treatment,
or provide guidance to show chemosensitivity for
chemotherapy.
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