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Abstract

Background: Zfx is a zinc finger protein of the Zfy family, whose members are highly conserved in vertebrates. Zfx
is a shared transcriptional regulator of both embryonic stem cells (ESC) and hematopoietic stem cells (HSC), which
suggests a common genetic basis of self-renewal in embryonic and adult stem cells. The level of Zfx expression
correlates with aggressiveness and severity in many cancer types, including prostate cancer, breast cancer, and
leukemia. However, the importance of Zfx in human glioma is largely unknown. In the present study, we examined
the role of Zfx in human glioma.

Methods: We detected expression levels of Zfx mRNA in U251 cells, U87 cells, U373 cells, and A172 cells by semi-
quantitative RT-PCR. To analyze the expression of Zfx mRNA in glioma tissues, we performed real-time gquantitative
PCR on 35 pathologically confirmed glioma samples (Grade |-4cases, Grade II-13cases, Grade lll-11cases, and Grade
IV-7cases) and on 5 noncancerous brain tissue samples. We used lentivirus-mediated small interfering RNAs
(siRNAs) to knock down Zfx expression in the human malignant glioma cell line U251. Changes in Zfx target gene
expression were determined by real-time RT-PCR. Cell proliferation was examined by a High Content Screening
assay. DNA synthesis in proliferating cells was determined by BrdU incorporation. Cell cycle distribution and
apoptosis were detected by flowcytometric analysis.

Results: We discovered that Zfx mRNA was expressed in U251 cells, U87 cells, U373 cells, and A172 cells. The
expression level of Zfx is significantly higher in gliomas compared to noncancerous brain tissue. Using a lentivirus-
based RNAI approach, Zfx expression was significantly inhibited in human glioblastoma U251 cells. The effects of
Zfx knockdown on cell proliferation, cell cycle distribution, and apoptosis were assessed. Inhibition of Zfx
expression in U251 cells by RNAI significantly impaired cell proliferation, increased apoptosis, and arrested cells in S
phase.

Conclusions: The results of our study demonstrate that the Zfx gene is highly expressed in glioma tissue and in
glioma cell lines. Furthermore, Zfx may play a critical role in cell proliferation, cell cycle distribution, and apoptosis
of human malignant glioma cells.
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1. Introduction

Malignant glioma is one of the most common and fatal
types of brain tumors in humans [1]. It is the second
major cause of cancer-related deaths in both children
and young adults, and it is the second fastest growing
cause of cancer deaths among those over 65 years old
[2-4]. Even when treated with surgery, radiation, and
chemotherapy, the median life expectancy of brain can-
cer patients is only 12-14 months [5,6]. Despite signifi-
cant gains in the understanding of glioblastoma biology,
the prognosis of the disease has not significantly chan-
ged over the last 20 years.

The Zfx gene is located on the mammalian X chromo-
some, at Xp22.12, approximately 23 Mb proximal to this
boundary. Zfx is a zinc finger transcription factor that is
highly conserved among vertebrates. It contains an
acidic transcriptional activation domain, a nuclear locali-
zation sequence, and a DNA binding domain consisting
of 13 C2H2-type zinc fingers [7]. Zinc finger proteins
are characterized by the presence of two cysteines
(Cys2) and two histidines (His2) in what is called a zinc
finger domain. This domain stabilizes the three-dimen-
sional structure, consisting of a two-stranded antiparallel
B-sheet and an a-helix surrounding a central zinc ion
[8]. Zinc finger proteins play important roles in multiple
biological processes, gene expression, differentiation,
and embryonic development [9,10].

To explore the role of Zfx in human malignant
glioma, we began with an expression analysis of Zfx
mRNA in glioma tumors and glioma cell lines. We also
used lentivirus-mediated siRNA targeting of Zfx to
down-regulate its expression in the human malignant
cell line U251 [11]. Finally, we investigated the effect of
Zfx silencing on the cell cycle, apoptosis, and prolifera-
tion of U251 cells.

2. Materials and methods

2.1 Cell line preparation

Human glioma U251 cells, derived from grade IV astro-
cytomas-glioblastoma multiforme (GBM), and human
renal epithelial 293T cells were purchased from Cell
Bank Type Culture Collection of Chinese Academy of
Sciences (CBTCCCAS, Shanghai, China) and maintained
in Dulbecco’s modified Eagle’s medium (DMEM,
GIBCO) with 10% fetal bovine serum (FBS, GIBCO) at
37°C in a humidified atmosphere of 5% CO2.

2.2 Clinical sample preparation

Before the study began, written informed consent was
obtained from all patients who participated in the study,
which was approved by the Ethics Committee of Soo-
Chow University. All experiments comply with the cur-
rent laws of our country. Thirty-five glioma samples
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were obtained from 35 Chinese patients from March
2009 to Septemper 2010 at the Department of Neuro-
surgery of The First Affiliated Hospital of Soochow Uni-
versity (Grade [-4cases, Grade II-13cases, Grade III-
11cases, and Grade IV-7cases according to the 2007
WHO Classification system). The patients consisted of
19 males and 17 females. The mean ages of the patients
at the time of surgery were 38 (male) and 41 (female).
All tumors were from patients with newly diagnosed
gliomas, who had received no therapy before sample
collection. Five adult noncancerous brain tissues were
obtained from surgical resections of 5 trauma patients
for whom a partial resection of normal brain tissue was
required as decompression treatment to reduce
increased intracranial pressure under the permission of
each patient’s family. A portion of these surgically
removed samples was immediately snap frozen in liquid
nitrogen, and the remaining samples were fixed with
formalin and embedded in paraffin for histological
studies.

2.3 The expression of Zfx in U251 cells, U87 cells, U373
cells, and A172 cells by semi-quantitative RT-PCR

Total RNA from the 4 cell lines was extracted using Tri-
zol reagent (Invitrogen, Inc.) according to the manufac-
turer’s instructions. Briefly, 2 pg of total RNA from each
sample was reverse transcribed to single-stranded
c¢DNA. 1 pl of cDNA was used as template for the fol-
lowing PCR.

Ztx-primer:5’-GGCAGTCCACAGCAAGAAC-3’and5’-
TTGGTATCCGAGAAAGTCAGAAG-3’ product size
237 bp.

Gapdh-primer:5’-GGCAGTCCACAGCAAGAAC-
3’and5’-CACCCTGTTGCTGTAGCCAAA-3’ product
size 121 bp.

The semi-quantitative RT-PCR comprised an initial
denaturation at 95°C for 15s, then 22 cycles at 95°C for
5s and 60°C for 30s. PCR products were run on a 2%
agarose gel.

2.4 The expression of Zfx in 35 pathologically confirmed
glioma samples and 5 noncancerous brain tissue samples
by real-time quantitative PCR

Total RNA was isolated from glioma tissue using Trizol
reagent (Invitrogen USA). cDNA was prepared from 2-6
pg of total RNA using superscript II reverse transcrip-
tase (Invitrogen USA) and random hexamer primers. 1
uL of the cDNA was used for real-time PCR, which was
performed to detect Zfx using SYBR Green Mixture
(TaKaRa, Japan) according to the manufacturer’s proto-
col. Sequences of both Zfx and GAPDH primers have
been previously listed. Real-time PCR comprised an
initial denaturation at 95°C for 15s, then 45 cycles at 95°
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C for 5s and 60°C for 30s. The data were analyzed using
GraphPad PRISM4.0 Software. Results were presented
as CT values, defined as the threshold PCR cycle num-
ber at which an amplified product was first detected.
The average CT was calculated for both Zfx and
GAPDH, and ACT was determined as the mean of the
triplicate CT values for Zfx minus the mean of the tri-
plicate CT values for GAPDH. The 22T method was
used to analyze the relative changes in gene expression.

2.5 Lentivirus vectors for Zfx small interfering RNA
pGCL-GFP-Lentivirus was used to express small inter-
fering RNAs (siRNAs) targeting the Zfx ORF sequence
(Genbank no. NM_003410) (Zfx-siRNA lentivirus). A
non-targeting sequence was used as a lentivirus negative
control (NC) and was purchased from Shanghai Gene-
chem, Co. Ltd. The template of the experiment:5’-
GCCTGAGAATGATCATGGA-3'.

The sequences were cloned into the pGCSIL-GFP
(GeneChem, Shanghai, China) to generate the lentiviral
vectors. Human renal epithelial 293T cells were infected
with Zfx-siRNA lentivirus and NC lentivirus. The inter-
ference efficiency of the template was detected by Wes-
tern blot analysis.

2.6 Western blot analysis

Cells were harvested in RIPA buffer that was supple-
mented with protease and phosphatase inhibitor cock-
tails. Proteins were separated by SDS-PAGE, transferred
onto PVDF membranes, and stained for the following
proteins: anti-Zfx (Sigma,1:3000), anti-GAPDH (Santa-
Cruz,1:5000). Secondary antibodies conjugated to horse-
radish peroxidase and ECL Western blotting reagents
were used for detection.

2.7 U251 cells were infected with Zfx-siRNA lentivirus

Human glioma U251 cells were infected with Zfx-siRNA
lentivirus and NC lentivirus. Nontransfected cells were
also included as a control. After 3 days of infection, GFP
expression was observed by fluorescent microscopy. After
5 days of infection, cells were harvested to determine
knock-down efficiency by real-time quantitative PCR.

2.8 Cell growth assay

Cell growth was measured via multiparametric high-
content screening (HCS). Briefly, human glioma U251
cells at 10 days after being infected with either NC lenti-
virus or Zfx siRNA lentivirus were seeded at 2000 cells
per well in 96-well plates, then incubated at 37°C with
5% CO, for 5 days. Plates were processed with the
ArrayScan™ HCS software (Cellomics Inc.) and kept at
+4°C for up to 24 h before each day’s analysis. The sys-
tem is a computerized, automated fluorescence-imaging
microscope that automatically identifies stained cells
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and reports the intensity and distribution of fluores-
cence in each individual cell. Images were acquired for
each fluorescence channel, using suitable filters and 20
x objective. In each well, at least 800 cells were ana-
lyzed. Images and data were stored in a Microsoft SQL
database for easy retrieval.

2.9 BrdU incorporation assay

DNA synthesis in proliferating cells was determined by
BrdU incorporation. Cells were spread onto 96-well
plates and incubated for 24 or 48 hours. 10 uL 1 x 5-
bromodeoxyuridine (BrdU) reagent was added from 2 hr
to 24 hr, 100 uL Fixing Solution was added to the cells
for 30 min. The cells were washed with Wash Buffer
and incubated for 60 min with 50 pl 1 x BrdU antibody.
After adding 50 pl 1 x Goat anti-Mouse IgG, 50 pl
TMB substrate solution was added. Following 30 min
incubation, the stop solution was added. The OD was
measured at 450 nm using a plate reader.

2.10 Flowcytometric analysis of cell cycle distribution

The cells infected with Zfx -siRNA lentivirus or NC len-
tivirus on the tenth day were plated onto six-well plates
in triplicate and incubated at 37°C for 5 days. Cells were
then collected, washed twice with ice-cold phosphate-
buffered saline (PBS), fixed with 70% ice-cold ethanol,
and stained with propidium iodide (PI, 50 pg/ml) in the
presence of RNase (100 pg/ml). 1 x 10* cells were ana-
lyzed for the cell cycle phase by flow cytometry.

2.11 Detection of apoptosis by flow cytometry

Cell apoptosis was assayed by staining with Annexin V-
APC and detected by flowcytometry. For analysis of
apoptosis, the cells were stained with 100 ul binding
buffer containing 5 ul Annexin V-APC at room tem-
perature in the dark for 10-15 min. Cells were analyzed
using flow cytometry. All experiments were performed
in triplicate.

2.12 Statistical analysis

One-way ANOVA and Student’s t-test were used for
raw data analysis. Statistical analysis was performed
using the SPSS12.0 software package. All values in the
text and figures are expressed as the mean + SD of
these observations. A value of P < 0.05 was considered
to be statistically significant.

3. Results

3.1 Measurement of Zfx mRNA in U251 cells, U87 cells,
U373 cells, and A172 cells

We detected the expression of Zfx mRNA in glioma cell
lines U251, U87, U373, and A172 by semi-quantitative
RT-PCR. Zfx mRNA was expressed in all four cell lines
(Figure 1).
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nancy and Zfx mRNA expression. However, this was

not the case for Grade III and Grade IV (Figure 2B). 3.5 Knocking down Zfx in human malignant cell line

U251 slows cell growth

To explore the function of Zfx on cell growth, U251
cells expressing either Zfx -siRNA lentivirus or NC len-
tivirus were monitored by high-content screening (HCS)

3.3 The interference efficiency of the template was
detected by Western blot analysis

293T cells were infected with Zfx-siRNA lentivirus or
NC lentivirus. As shown in Figure 3, Zfx protein level
detected by Western blot was greatly reduced in Zfx-
siRNA infected cultures, indicating effective knockdown
of the target sequence.

scr-siRNA Zfx-siRNA
3.4 Lentivirus-mediated knock-down of Zfx in the human :
malignant cell line U251
To begin to explore the role of Zfx, we knocked down Zfx
Zfx levels in the human malignant cell line U251. As
shown in Figure 4, by 3 days after infection, efficien- :
cies were greater than 80% for both Zfx-siRNA lenti- £ P e, i e
virus and NC lentivirus. There was no significant TR, —
difference between the negative control cells and the |
nontransfected cells, indicating that the transfection
process itself had no effect on cell growth. Zfx mRNA
levels in U251 cells at 5 days after infection with Zfx-
siRNA lentivirus and NC lentivirus were assessed by
real-time PCR. Zfx-siRNA lentivirus infected cultures
had significantly lower levels of Zfx mRNA compared Figure 3 Protein of Zfx in 293T cells measured by western blot.

to levels in cultures infected with NC lentivirus (Table Compared with NC, the \eyel of fo_ protein in 293T cells de_creased
. markedly after Zfx expression was silenced by RNAIi. Gapdh is a control.
1 and Figure 5).
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nontransfected

scr-siRNA

Zifx-siRNA

phase contrast

Figure 4 Human malignant cell line U251 infected with Zfx-siRNA or NC lentivirus and nontransfected cells were examined by
fluorescent microscopy and light microscopy at the 3™ day after infection. More than 80% of U251 cells expressed GFP. There was no
significant difference between the negative control group and the nontransfected group, indicating the transfection process has no effect on
cells growth. a: 200 x B; b: NC 200 x B; c: NC 200 X B; d: KD 200 x G; e: KD 200 x G. Representative images of the cultures are shown.

A\

fluorescent light

and BrdU incorporation. As shown in Figure 6A, down-
regulation of Zfx decreased the total number of cells.
U251cells expressing Zfx-siRNA lentivirus and NC lenti-
virus were seeded in 96-well plates, and cell growth was
assayed every day for 5 days (Table 2 and Figure 6B).
Cell growth rate was defined as: cell count of Nth day/

cell count of 1** day, where n = 2,3,4,5 (Table 3 and Fig-
ure 6C). The amounts of DNA synthesized also
decreased on the 1* and 4th day after infection with Zfx
-siRNA lentivirus (Table 4 and Figure 7). The results of
the study show that cell proliferation was significantly
inhibited over the course of 4 days. Data shown are the
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Table 1 CT values of GAPDH and Zfx detected by real-
time quantitative PCR

Sample GAPDH CT valve Zfx CT value 27T
average average average
scr- 16.34 + 0.06 25.89 + 0.04 1.00 = 0.06
SIRNA
Zfx- 16.1 £ 0.02 2827 +0.10 0.16 £ 0.001
SiRNA

Table 1:CT values of GAPDH and Zfx detected by real-time quantitative PCR.
The Zfx mRNA expression levels in U251 cells at the 5 day after infection
with Zfx-siRNA lentivirus and NC lentivirus were analyzed by 2°““" method. (P
= 0.001).

mean results + SD of a representative experiment per-
formed in triplicate (n = 3, indicates P < 0.05). These
results indicate that knockdown of Zfx expression signif-
icantly inhibited proliferation and DNA synthesis of
human malignant cell line U251.

3.6 Knocking down of Zfx in human malignant cell line
U251 arrests the cell cycle in S phase

To determine whether Zfx is necessary for cell cycle
progression of the human malignant cell line U251, we
assessed the cell cycle phases in U251 cells by flow
cytometry (Figure 8A). The NC Group displayed the
following distribution: (GO/G1 46.95%, S 35.12%, G2/M
17.93%), and the Zfx-siRNA Group displayed the fol-
lowing: (G1 24.57%, S 62.82%, G2/M 12.61%). As
shown in Figure 8B, compared to control cultures, Zfx
-siRNA lentivirus cultures displayed a significant
increase in the percentage of cells in S phase (NC
35.12 + 1.26% vs Zfx -siRNA 62.82 + 3.696%, P =
0.003). A significant increase of cells in the subGl
fraction was observed in the Zfx -siRNA Group com-
pared to the NC Group (NC 0.15 + 0.046% vs Zfx
-siRNA 5.51 + 0.90%, P = 0.0009). (Figure 8C) Taken

i2

Relative Zfx
mRNA Level(%)

Zfx-siRNA

scr-siRNA

Figure 5 The cells were lysed and RNAs were extracted to
examine Zfx expression levels in U251 cells at the 5™ day after
infection with Zfx-siRNA lentivirus and NC lentivirus by real-
time PCR analysis. The Zfx mRNA level decreased significantly after
zfx knockdown.
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Figure 6 Effect of down-regulated Zfx on human malignant
cell line U251 growth. (A) High content cell imaging assays
were applied to acquire raw images (unprocessed by software
algorithm) of cell growth. (B) Human malignant cell line U251
expressing Zfx-siRNA lentivirus and NC lentivirus were seeded in 96-
well plates and cell growth was assayed every day for 5 days. (NC
vs Zfx -siRNA, P < 0.05). (C) Cell growth rate was monitored on the
2" 319 4™ and 5™ days by assay. (NC vs Zfx -siRNA, P < 0.05).

together, these data suggest that Zfx regulates cell
growth and blocks cell cycle progression.

3.7 Knocking down of Zfx in human brain glioma U251
cells increase cell apoptosis

To test whether Zfx expression affects human brain
glioma U251 cell apoptosis, we knocked down Zfx in
this cell line. Cell apoptosis was determined by Annex-
inV staining and followed by flow cytometry (Figure
9A). As shown in Figure 9B, cell apoptosis was signifi-
cantly increased in the Zfx-siRNA Group compared to

Table 2 Cell numbers counted by cellomics

AV/num scr-siRNA Zfx-SiRNA
day 1 17852 + 86.31 11988 + 53.93
day 2 2337.0 £ 102.75 1254.6 + 78.84
day 3 28720 £ 78.25 12254 + 59.87
day 4 32604 + 75.77 1219.6 + 56.05
day 5 3505.0 + 126.04 11982 + 71.14

Table 2:Cell numbers counted for 5 days after transfected with Zfx-siRNA
lentivirus and NC lentivirus. (The p value = 0.0079. P < 0.05).
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Table 3 Cell growth rate counted by cellomics

AV/fold scr-siRNA Zfx-SiRNA
day 1 1.00 £ 0.00 1.00 + 0.00
day 2 1.31 £ 0.01 1.05 + 0.02
day 3 161 £ 0.05 1.02 + 0.02
day 4 1.83 + 0.07 1.02 = 0.01
day 5 196 + 0.04 1.00 = 0.02

Table 3: Cell growth rate for the 2nd 3rd 4t g 5t day after transfection
with Zfx-siRNA lentivirus and NC lentivirus.

the NC Group (NC 4.32 + 0.14% vs. Zfx -siRNA 15.93 +
0.77%, P = 0.001). These results indicate that Zfx
expression is a determinant of human brain glioma
U251 cell apoptosis.

4. Discussion

Recent research shows that Zfx is important for
tumorigenesis. Zfx plays a pivotal role in embryonic
stem cells and in hematopoietic stem cells. A recent
study by Galan Caridad and his colleagues [12] showed
that Zfx, is a shared transcriptional regulator of ESC
and HSC, suggesting a common genetic basis of self-
renewal in embryonic and adult stem cells. Previous
work by Gang Hu et al[13] based on a genome-wide
siRNA screen in mouse embryonic stem cells found
148 genes whose down-regulation caused differentia-
tion. The study further discovered that a unique mod-
ule in the self-renewal transcription network is formed
by Cnot3, Trim28, c-Myc, and Zfx. The transcriptional
targets of this module are enriched for genes involved
in cell cycle, cell death, and cancer, and may represent
novel anti-cancer targets. Recently, Arenzana et al also
reported that Zfx is a novel transcriptional regulator of
the B-cell lineage, and one of the common genetic
control genes of both stem cell maintenance and lym-
phocyte homeostasis [14]. The present study discov-
ered that Zfx expression is significantly higher in both
Follicular Lymphoma (FL) and Diffuse large B cell lym-
phoma (DLBCL) and may be used for prognostic pur-
poses in the clinic [15]. Huang D [16] and others
found that stem cell-related genes (including OCT-4,
SOX-2, BMI-1, and ZFX) were upregulated in SP(side
population) cells of human esophageal carcinoma 9706
cells compared with non-SP cells.

Table 4 The amounts of DNA synthesized detected by
BrdU incorporation assay

ODBrdu day 1 day 4
scr-siRNA 0257 + 0.024 0651 + 0.039

Zfx-siRNA 0.126 + 0.006 0.146 + 0.005
p value 0.0082 0.0017

Table 4: The amount of DNA synthesized was analyzed by BrdU incorporation
on the 4™ day and 1% day. (NC vs Zfx -siRNA,P < 0.05).
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Figure 7 Down-regulated Zfx in human malignant cell line
U251 displayed changes in DNA synthesis. The DNA synthesis
rate was analyzed by BrdU incorporation assay on the 1% and 4"
days. (NC vs Zfx -siRNA, P < 0.05).

To date, most research has focused on the expression
and function of Zfx in embryonic stem cells and hema-
topoietic stem cells. In oncology researches, studies dis-
covered that Zfx is abnormally expressed in prostate
cancer, breast cancer, and leukemia [15]. However, its
expression and function in human glioma had not been
studied. Thus, we first explored the expression levels of
Zfx mRNA in four glioma cell lines and found that it
was expressed in all of them. We then detected the
expression level of Zfx mRNA in glioma samples and in
noncancerous brain tissue. Zfx was more highly
expressed in glioma samples than in noncancerous brain
tissue To some extent, we also found that Zfx expres-
sion increased with increasing tumor grade (however,
this was not true for Grades III or IV). This may be due
to the fact that Zfx mutations may occur at high fre-
quency in high grade malignant gliomas. In order to
assess Zfx function in glioma cell lines, we infected
human glioblastoma U251 cells with Zfx-siRNA lenti-
virus or control lentivirus. Compared to controls, Zfx-
siRNA treated cells showed decreased proliferation,
increased apoptosis, and an increase in the proportion
of cells in S and subG1 phases. Thus, Zfx promotes
U251 cell growth.

Our data suggest that Zfx may be related to cell cycle
checkpoints in U251 cells. The cell has developed a ser-
ies of checkpoints to ensure quality control over prolif-
eration. In particular, S phase represents a critical
period for cells to commit to proliferation or undergo
growth arrest [17]. Understanding the regulation of the
S phase transition is central to the study of many dis-
eases, particularly cancer [18,19]. The cell cycle is a well
regulated process that depends on the combined action
of both cell cycle activators and inhibitors [20].

With the emergence of the cancer stem cell theory,
many researchers now believe that glioma stem cells
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Figure 8 Knocking down Zfx in human malignant cell line U251 arrested the cell cycle. Knockdown of Zfx expression induced S arrest
in U251 cells. (A) Cell cycle of U251 cells was analyzed by flow cytometry. (B) S cell cycle phase determined by flow cytometry. Compared with
NC, Zfx-siRNA cultures showed a significant increase in cells in S (P = 0.003; P < 0.05), compared with NC. (C) Percentage of apoptosis was
plotted against U251 cell line. There was a greater amount of apoptosis in the Zfx down-regulated group of human brain glioma U251 cells (P =
0.0009, P < 0.05). The assay showed a marked induction of apoptosis with 5.51% apoptotic for NC group.
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Figure 9 Knock down of Zfx in human malignant cell line U251 increased cell apoptosis. (A) Cell death was determined by Annexin V
staining and flow cytometry. (B) Zfx-siRNA cultures showed a significant increase in apoptosis compared with NC (P = 0.001; P < 0.05).

are at the root of disease recurrence due in large part
to their natural drug resistance and insensitivity to
radiation therapy, Thus, successful tumor treatment
likely depends on complete eradication of tumor stem
cells [21]. Cancer stem cells with self-renewal capabil-
ity can constitute a tumor by proliferation and differ-
entiation, key processes in the formation,
proliferation, and invasiveness of cancer [22,23]. Zfx
may be a key gene involved in the molecular basis of

stem cells, and this also potentially implicates it in
cancer stem cell biology. However, whether Zfx plays
a role in glioma stem cell self-renewal growth is cur-
rently unknown.

In summary, our study highlights critical roles for
Zfx in the human malignant glioma cell line U251.
This study may provide the basis for further explora-
tion of the role of Zfx in the occurrence and develop-
ment of human glioma. We will continue to work on
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the mechanism by which Zfx influences glioma cell
biology.

Acknowledgement

We thank Genechem for providing us with the lentiviral particles and
technical assistance. This work was partially supported by major issues
Foundation of health department in Jiangsu province (K201106) and Suzhou
science and technology plan projects (SYS201025).

Authors’ contributions

YZ conceived of the study, and participated in its design and coordination
and helped to draft the manuscript. TS carried out the molecular genetic
studies. YH participated in its design and coordination. ZS participated in the
conception and the design of the analysis. All authors read and approved
the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 10 October 2011 Accepted: 20 December 2011
Published: 20 December 2011

References

1. Surawicz TS, McCarthy BJ, Kupelian V, Jukich PJ, Bruner JM, Davis FG:
Descriptive epidemiology of primary brain and CNS tumors: results from
the Central Brain Tumor Registry of the United States, 1990-1994. Neuro
Oncol 1999, 1:14-25.

2. Prados MD, Levin V: Biology and treatment of malignant glioma. Semin
Oncol 2000, 27:1-10.

3. Wechsler-Reya R, Scott MP: The developmental biology of brain tumors.
Annu Rev Neurosci 2001, 24:385-428.

4. Holland EC: Glioblastoma multiforme: the terminator. Proc Natl Acad Sci
USA 2000, 97:6242-6244.

5. Ballman KV, Buckner JC, Brown PD, Giannini C, Flynn PJ, LaPlant BR,

Jaeckle KA: The relationship between six-month progression-free survival
and 12-month overall survival end points for phase Il trials in patients
with glioblastoma multiforme. Neuro Oncol 2007, 9:29-38.

6. Surawicz TS, Davis F, Freels S, Laws ER Jr, Menck HR: Brain tumor survival:
results from the national cancer data base. J Neurooncol 1998, 40:151-160.

7. Schneider-Gédicke A, Beer-Romero P, Brown LG, Mardon G, Luoh SW,

Page DC: Putative transcription activator with alternative isoforms
encoded by human ZFX gene. Nature 1989, 342:708-711.

8. Jason Kam, Gresshoff Peter M, Shorter Ray: The Q-type C2H2 zinc finger
subfamily of transcription factors in Triticum aestivum is predominantly
expressed in roots and enriched with members containing an EAR
repressor motif and responsive to drought stress. Plant Mol Biol 2008,
67:305-322.

9. Chandrasekharan S, Kumar S, Valley CM, Rai A: Proprietary science, open
science and the role of patent disclosure: the case of zinc-finger
proteins. Nat Biotechnol 2009, 27:140-144.

10.  Schnidar H, Eberl M, Klingler S, Mangelberger D, Kasper M, Hauser-
Kronberger C, Regl G, Kroismayr R, Moriggl R, Sibilia M, Aberger F:
Epidermal growth factor receptor signaling synergizes with Hedgehog/
GLI in oncogenic transformation via activation of the MEK/ERK/JUN
pathway. Cancer Res 2009, 69:1284-1292.

11. Naldini L, Gallay P, Gallay P: In vivo gene delivery and stable transduction
of nondividing cells by a lentiviral vector system. Science 1996, 272:263-7.

12.  Galan-Caridad JM, Harel S, Arenzana TL, Hou ZE, Doetsch FK, Mirny LA,
Reizis B: Zfx controls the self-renewal of embryonic and hematopoietic
stem cells. Cell 2007, 129:345-357.

13. Hu G, Kim J, Xu Q, Leng Y, Orkin SH, Elledge SJ: A genome-wide RNAi
screen identifies a new transcriptional module required for self-renewal.
Genes Dev 2009, 23:837-848.

14.  Arenzana TL, Smith-Raska MR, Reizis B: Transcription factor Zfx controls
BCR-induced proliferation and survival of B lymphocytes. Blood 2009,
113:5857-5867.

15. Sakhinia E, Glennie C, Hoyland JA, Menasce LP, Brady G, Miller C,

Radford JA, Byers RJ: Clinical quantitation of diagnostic and predictive

Page 10 of 10

gene expression levels in follicular and diffuse large B-cell lymphoma by
RT-PCR gene expression profiling. Blood 2007, 109:3922-3928.

16. Huang D, Gao Q, Guo L, Zhang C, Jiang W, Li H, Wang J, Han X, Shi 'Y,

Lu SH: Isolation and identification of cancer stem-like cells in esophageal
carcinoma cell lines. Stem Cells Dev 2009, 18:465-473.

17. Sherr CJ: Growth factor-regulated G1 cyclins. Stem Cells 1994, 12:47-55.

18. 18 Sherr CJ: The Pezcoller lecture: cancer cell cycles revisited. Cancer Res
2000, 60:3689-3695.

19. Tessema M, Lehmann U, Kreipe H: Cell cycle and no end. Virchows Arch
2004, 444:313-323.

20. Gonze D, Goldbeter A: A model for a network of phosphorylation-
dephosphorylation cycles displaying the dynamics of dominoes and
clocks. J Theor Biol 2001, 210:167-186.

21.  Dingli D, Michor F: Successful therapy must eradicate cancer stem cells.
Stem Cells 2006, 24:2603-2610.

22. Singh SK, Clarke ID, Hide T, Dirks PB: Cancer stem cells in nervous system
tumors. Oncogene 2004, 23:7267-7273.

23. Harris MA, Yang H, Low BE, Mukheriee J, Guha A, Bronson RT, Shultz LD,
Lsrael MA, Yun K: Cancer stem cells are enriched in the side population
cells in a mouse model of glioma. Cancer Res 2008, 68:10051-10059.

doi:10.1186/1756-9966-30-114

Cite this article as: Zhou et al. The Zfx gene is expressed in human
gliomas and is important in the proliferation and apoptosis of the
human malignant glioma cell line U251. Journal of Experimental &
Clinical Cancer Research 2011 30:114.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/11554386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11554386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11270369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11283316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10841526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9892097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9892097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2512506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2512506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19204690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19204690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19204690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17448993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17448993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19339689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19339689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18680391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18680391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7696969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10919634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14968363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16931775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15378086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15378086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19074870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19074870?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	1. Introduction
	2. Materials and methods
	2.1 Cell line preparation
	2.2 Clinical sample preparation
	2.3 The expression of Zfx in U251 cells, U87 cells, U373 cells, and A172 cells by semi-quantitative RT-PCR
	2.4 The expression of Zfx in 35 pathologically confirmed glioma samples and 5 noncancerous brain tissue samples by real-time quantitative PCR
	2.5 Lentivirus vectors for Zfx small interfering RNA
	2.6 Western blot analysis
	2.7 U251 cells were infected with Zfx-siRNA lentivirus
	2.8 Cell growth assay
	2.9 BrdU incorporation assay
	2.10 Flowcytometric analysis of cell cycle distribution
	2.11 Detection of apoptosis by flow cytometry
	2.12 Statistical analysis

	3. Results
	3.1 Measurement of Zfx mRNA in U251 cells, U87 cells, U373 cells, and A172 cells
	3.2 The relative expression levels of Zfx mRNA in glioma tissue samples and noncancerous brain tissue samples
	3.3 The interference efficiency of the template was detected by Western blot analysis
	3.4 Lentivirus-mediated knock-down of Zfx in the human malignant cell line U251
	3.5 Knocking down Zfx in human malignant cell line U251 slows cell growth
	3.6 Knocking down of Zfx in human malignant cell line U251 arrests the cell cycle in S phase
	3.7 Knocking down of Zfx in human brain glioma U251 cells increase cell apoptosis

	4. Discussion
	Acknowledgement
	Authors' contributions
	Competing interests
	References

