
Abstract. The prognosis for patients with glioblastoma is
very poor, despite intensive treatment, including surgery and
chemoradiotherapy. Wilms’ tumor 1 (WT1) is expressed in
most glioblastoma samples, and immunotherapy targeting
WT1 has proven to be effective in recurrent glioblastoma.
However, the functional roles of WT1 in glioblastoma are not
clear. To examine the functional roles of WT1 in glioblastoma,
glioblastoma cell lines with reduced WT1 expression were
generated using short hairpin RNA(shRNA)-expressing
lentivirus. Proliferation of WT1-knockdown glioblastoma cells
was significantly slower than control cells with high WT1
expression. In addition, apoptosis was increased in WT1-
knockdown glioblastoma cells. Furthermore, WT1-knockdown
glioblastoma cells, and control glioblastoma cells were intra-
cranially injected into immunodeficient mice. In vivo tumor
growth of WT1-knockdown glioblastoma cells was
significantly reduced compared to control glioblastoma cells.
These results show that WT1 is involved in glioblastoma cell
proliferation and apoptosis and that this protein has
oncogenic roles in glioblastoma.

Glioblastoma is one of the most frequent malignancies in the
central nervous system. Despite intensive treatment including
surgery, radiation, and chemotherapy, the prognosis is still
very poor, and the median survival time is only 12-15
months (1). To improve the prognosis of patients with
glioblastoma, various therapies have been tested. Wilms’
tumor 1 (WT1) is a therapeutic target in glioblastoma cells,
and WT1 peptide vaccine immunotherapy targeting WT1 has
proven effective in recurrent glioblastoma (2).

WT1 is expressed in various types of hematological
malignancies and solid tumors (3-11). The WT1 gene was

first defined as a tumor suppressor gene (12-17). However,
accumulating evidence suggests that the WT1 gene has an
oncogenic function in tumorigenesis. The growth of WT1-
expressing cancer cells is inhibited by WT1 antisense
oligomer (18, 19) and WT1-specific shRNA (20).
Furthermore, overexpression of WT1 promotes cell growth
(21-23), migration, and invasion (24). Overexpression of
WT1 also inhibits apoptosis (25) and induces tumorigenicity
in leukemia (26). However, functional roles of WT1 in
glioblastoma have not been extensively studied.

In the present study, we investigated the functional roles
of WT1 in glioblastoma. We first examined whether WT1 is
involved in proliferation and apoptosis in glioblastoma cells.
In addition, we also investigated whether WT1 is involved in
tumorigenicity in an intra-cranial xenograft model.

Materials and Methods 

Establishment of WT1 shRNA glioblastoma cell lines. We obtained the
glioblastoma cell lines U87MG and U251 from the American Type
Culture Collection (ATCC, Manassas, VA, USA). To establish stable
WT1-knockdown cells, Mission shRNA (Sigma Aldrich, St. Louis,
MO, USA) carrying shRNA sequence against WT1 (5’-
CCGGGAAACCATACCAGTGTGACTTCTCGAGAAGTCACACTG
GTATGGTTTCTTTTT-3’) was used. Lentivirus was produced by
trasfection of the lentiviral vector with the gag-pol-expressing vector
and the VSV-G envelope-expressing vector. Viruses were concentrated
by centrifugation with PEG-it (System Bioscience, Mountain View,
CA, USA). U87MG and U251 glioblastoma cells were infected with
lentivirus carrying WT1-shRNA. Knockdown of WT1 was confirmed
with Real-Time Polymerase Chain Reaction (PCR).

Quantitative PCR. Total RNA was extracted from the glioblastoma
cell lines U87MG and U251 using Trizol (Invitrogen Life
Technologies Inc., Carlsbad, CA, USA) according to the
manufacturer’s instructions. cDNA was generated using the
Moloney murine leukemia virus reverse transcriptase (Promega,
Madison, WI, USA) and then subjected to quantitative PCR with
SYBR green in an ABI-7900 HT instrument (Applied Biosystems,
Life Technologies Inc.). To measure Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and WT1 expression, the following
primers were used: for GAPDH: 5’-GCCAAAAGGGTC

61

Correspondence to: Noriyuki Kijima, 2-2 Yamadaoka, Suita, Osaka,
565-0871, Japan. Tel: +81 668793652 Fax: +81 668793659, e-mail:
norikijima@gmail.com

Key Words: Glioblastoma, WT1, apoptosis, tumorigenicity.

ANTICANCER RESEARCH 34: 61-68 (2014)

Wilms’ Tumor 1 Is Involved in Tumorigenicity of Glioblastoma
by Regulating Cell Proliferation and Apoptosis
NORIYUKI KIJIMA1, NAOKI HOSEN2, NAOKI KAGAWA1, NAOYA HASHIMOTO1, 

MANABU KINOSHITA1, YUSUKE OJI3, HARUO SUGIYAMA2 and TOSHIKI YOSHIMINE1

Departments of 1Neurosurgery, 2Functional Diagnostic Science, and 
3Cancer Stem Cell Biology, Osaka University Graduate School of Medicine, Osaka, Japan

0250-7005/2014 $2.00+.40



ATCATCTC-3’ (sense), 5’-GTAGAGGCAGGGATGATGTTC-3’
(antisense); for WT1: 5’-GATAACCACACAACGCCCATC-3’
(sense), 5’-CACACGTCGCACATCCTGAAT-3’ (antisense).

Gene expression array analysis. RNA was isolated from control and
WT1-knockdown glioblastoma cell lines (U87MG and U251) using
Trizol. cDNA was synthesized by reverse transcriptase reaction. cDNA
from each type of cells was analyzed with a Taqman gene expression
array kit (Applied Biosystems, Life Technologies Corporation).

Cell growth assay. Cells (3×104 cells/well; U87MG and U251 control
cells, U87MG and U251 WT1 knockdown) were plated in a 12-well
plate (Costar, Corning Life Sciences, Corning, NY, USA). These cell
lines were cultured in DMEM+10%FBS media. The number of cells
was counted using a cytometer following Trypan blue staining at days
0, 2, and 4. These experiments were repeated three times.

Apoptosis assay. We used an Annexin-V-Fluos Staining kit (Roche
Applied Science, Indianapolis, IN, USA) following the
manufacturer’s instructions. Cells (5×104) were plated in a 4-well
culture slide (Becton Dickinson Bioscience, San Jose, CA, USA)
and incubated in 5% CO2 for 24 h After incubation, we counted the
number of apoptotic cells using a fluorescence microscope
(Keyence, Osaka, Japan). We randomly selected four magnified
fields and calculated the average number of apoptotic cells per field.
These experiments were repeated three times. 

Intracranial xenograft model. Newborn Rag2−/−γc−/− mice (kindly
donated by Irving Weissman, MD, Stanford University) were used
as recipients. Pups were anesthetized on ice, and glioblastoma cells
(2×105) in 2 μl Phosphate Buffered Saline (PBS) were injected into
the right lateral ventricle with a stereotactic injector (Stoelting, Wood
Dale, IL, USA). The tumor injection point was as follows; 2 mm
forward of bregma, 1 mm right, 2 mm deep. We sacrificed mice
when they showed neurological symptoms or otherwise at day 60.

Immunohistochemical analysis. Formalin-fixed paraffin-embedded
(FFPE) tumor samples were obtained from mice with U87MG
glioblastoma cells transduced with shRNA against WT1 and cells
transduced with control shRNA. FFPE samples were cut at 6-μm
thickness with a microtome. Sections mounted on slides were heated
in a microwave oven for antigen retrieval. We used mouse anti-human
monoclonal antibody against WT1 (at a dilution of 1:50) and Ki67 (at
a dilution of 1:50) (Dako, Glostrup, Denmark) as primary antibodies.
The linked Streptavidin-Biotin detection method was selected, and
Histofine simple stain MAX-PO (Multi) (Nichirei Bioscience, Tokyo,
Japan) was used as a secondary antibody. Specimens were reacted and
visualized with diaminobenzidine (Dojindo, Kumamoto, Japan). 

Statistical analysis. Student’s t-test was used to determine statistical
significance for the in vitro experiments. For the analysis of in vivo
experiments, Kaplan-Meier analysis was used. For all analyses,
differences were defined as statistically significant when the p-value
was less than 0.05.  

Results

WT1 plays a role in cell proliferation in glioblastoma cells in
vitro. We first examined whether WT1 was involved in cell
proliferation in vitro. Cell proliferation was compared in

U87MG and U251 glioblastoma cells transfected with
shRNA against WT1 and those transfected with control
shRNA (Figure 1A). The total numbers of cells were
39±7.8×104, 19±3.5×104, 22.5±3.5×104, and 3.4±0.5×104

cells in control shRNA-transfected U87MG cells, anti-WT1
shRNA-transfected U87MG cells, control shRNA-transfected
U251 cells, and anti-WT1 shRNA-transfected U251cells,
respectively (p<0.05) at day 4. We found that cell
proliferation was significantly reduced in U87MG and U251
cells transfected with shRNA against WT1 (Figure 1B).
These results showed that WT1 is involved in proliferation
of glioblastoma cells.

WT1 promotes glioblastoma formation in a xenograft model.
We next examined the effect of WT1 on glioblastoma
progression in vivo. WT1-knockdown U87MG cells
transduced with shRNA against WT1 or control U87MG
cells transduced with control shRNA were intra-cranially
injected into the right ventricle of newborn Rag2−/−γc−/−

pups. The difference in the survival curve was significant
(p<0.05) between xenograft mice injected with WT1-
knockdown U87MG cells and those injected with control
U87MG cells (Figure 2A). All xenografted mice (n=6 in
total) injected with control U87MG cells died of
glioblastoma development within 40 days after tumor
injection, whereas none of the xenografted mice injected
with WT1-knockdown U87MG cells had died of
glioblastoma development by post-transplant day 40 (Figure
2B), thus demonstrating that WT1-knockdown significantly
inhibits glioblastoma growth in this model.

All xenografted mice with WT1-knockdown U87MG cells
were sacrificed at day 60. Only one mouse had developed a
glioblastoma. We then examined the difference between
resected tumors from mice with control U87MG cells and
those from mice with WT1-knockdown U87MG cells. The
number of tumor cells per 400× field was 175.2±10.5 cells
in tumors from mice with control U87MG cells and
99.8±12.7 cells in tumors from mice with WT1-knockdown
U87MG cells. Thus, the cellular density in tumors from mice
with control U87MG cells was significantly greater than that
in mice with WT1-knockdown U87MG cells (Figure 2C).
Immunohistochemical analysis showed that the Ki-67
labeling index was 30.5% in tumors from mice with control
U87MG cells and 14.8% in tumors from mice with WT1-
knockdown U87MG cells (Figure 2D). These data indicate
that WT1 is involved in cell proliferation and tumor
formation in vivo.

WT1 is involved in glioblastoma progression by regulating
apoptosis. We next investigated differences in gene
expression between U87MG and U251 cells transduced with
shRNA against WT1 and cells transduced with control
shRNA. We isolated RNA from these four cell types and
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performed real-time PCR to examine up-regulated or down-
regulated genes in glioblastoma cells transduced with shRNA
against WT1. We found that apoptosis-related genes such as
Mitogen-activated protein kinase kinase kinase 5 (MAP3K5),
phosphoinositide-3-kinase, catalytic, subunit alpha
(PIK3CA), and p53 were up-regulated in both U87MG and
U251 cells transduced with anti-WT1 shRNA, compared
with those transduced with control shRNA (Table I). 

We next used an Annexin-V-Fluos Staining kit to
investigate whether WT1 is involved in apoptosis of
glioblastoma cells. The numbers of apoptotic cells per 30×
microscopic field were 2.5±0.6, 15.3±5.7, 3.0±1.7, and
9.0±1.0 cells in U87MG cells with control shRNA, U87MG
cells with anti-WT1 shRNA, U251 cells with control shRNA,
and U251 cells with anti-WT1 shRNA, respectively
(Figure3A and B) (p<0.05). These results show that apoptosis
was promoted in both U87MG and U251 cells transduced
with shRNA against WT1 compared with those transduced
with control shRNA, suggesting that WT1 is involved in
glioblastoma tumorigenicity by regulating apoptosis.

Discussion

In the present study, we showed that WT1 is involved in cell
proliferation and apoptosis in glioblastoma. Furthermore,
silencing of WT1 inhibits xenograft tumor formation in an
immune-deficient mouse model. Gene expression analysis
and p53 protein expression analysis suggest that WT1 may
regulate glioblastoma progression by regulating expression
of the tumor-suppressor p53. 

Functional roles of WT1 in glioblastoma have been
reported in several studies (7, 20, 27, 28). Oji et al. reported
that the growth of U87MG is inhibited by a WT1 antisense
oligomer (7), suggesting that WT1 is involved in cell
proliferation in glioblastoma. Our results are consistent with
theirs. Tatsumi et al. reported that WT1 is involved in
apoptosis in the A172 glioblastoma cell line (20). They also
examined apoptosis using the annexin V assay. Our results
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Table I. List of genes up-regulated or down-regulated in U87MG or
U251 cells transduced with WT1 shRNA cells compared to the same
cells transduced with control shRNA.

Fold expression

Gene U87MG WT1 shRNA/ U251 WT1 shRNA/
U87MG control U251 control

Caspase-8 2.00 62.25
Cytochrome c, somati 2.08 6.80
MAP3K5 3.76 9.73
PIK3CA 2.02 7.91
TP53 1.95 3.93

Figure 1. Wilms’ tumor-1 (WT1) is involved in cell proliferation in
glioblastoma cells. A: Quantitative Real-Time Polymerase Chain
Reaction from U87MG cells transduced with control shRNA, U87MG
cells transduced with WT1 shRNA, U251 cells transduced with control
shRNA, and U251 cells transduced with WT1 shRNA. B: Cell
proliferation rate of U87MG cells transduced with control shRNA and
U87MG cells transduced with WT1 shRNA. C: Cell proliferation rate of
U251 cells transduced with control shRNA and U251 cells transduced
with WT1 shRNA. 



confirm that WT1 is involved in glioblastoma cell apoptosis.
Clark et al. reported that WT1 is involved in cell
proliferation in U251 cells, and U251 cells transduced with
shRNA against WT1 had significantly lower tumorigenicity
in a subcutaneous nude mouse model (28). 

However, several controversies exist in the functional roles
of WT1 in glioblastoma. Chidambaram et al. reported that
silencing of WT1 reduced invasiveness of U1242 cells, but
had no effect on cell proliferation in vitro (29). Clark et al.
also reported that apoptosis is not different between T98G
cells transduced with shRNA against WT1 compared with

those transduced with control shRNA in vitro (28). Their
results are different from these of our study. The difference
in functional roles of WT1 in cell proliferation and apoptosis
may be due to the different glioblastoma cell lines used for
the experiments. These results suggest that the functions of
WT1 on cell proliferation and apoptosis in vitro might be
different in various glioblastoma cell lines.

In our study, we first showed that WT1 is involved in
glioblastoma tumorigenicity in an intracranial xenograft
model. Clark et al. also reported that WT1 is involved in
glioblastoma tumorigenicity in vivo (28). However, they used
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Figure 2. Wilms’ tumor-1 (WT1) is involved in glioblastoma tumorigenicity in vivo. A: Newborn Rag2−/−γc−/− pups were injected with U87MG
cells transduced with control shRNA, or U87MG cells transduced with WT1 shRNA. A Kaplan-Meier survival curve for each group is shown. B:
Representative images of tumors derived from U87MG cells transduced with control shRNA or with WT1 shRNA. C: Hematoxylin and eosin staining
and immunohistochemical staining of tumor samples from mice injected with U87MG cells transduced with WT1 shRNA or with control shRNA. D:
Immunohistochemical staining for Ki-67 in tumor samples from mice injected with U87MG cells transduced with WT1 shRNA or with control shRNA.



a subcutaneous xenograft model, and thus, our intracranial
in vivo assay better-reflects the functional roles of WT1 in
glioblastoma in vivo. Furthermore, we also first analyzed
tumor samples from mice with U87MG cells transduced with
shRNA against WT1 and found that the Ki-67 labeling index
was significantly reduced compared to tumors of control-
transduced U87MG cells. These findings also support a
functional role for WT1 in cell proliferation. Clark et al. also
reported that the Ki-67 labeling index from subcutaneous
tumors with U251 cells transduced with shRNA against WT1
was not different from that in tumors with U251 cells
transduced with control shRNA (28). In their study, WT1
expression in tumors from U251 cells transduced with
shRNA against WT1 was not different from U251 cells
transduced with control shRNA, and thus, the quality of
WT1-knockdown was not sufficient to conclude a difference
in the Ki-67 index. 

In the present study, we used immune-deficient mice, and
thus, silencing of WT1 reflected the functional roles of WT1
in glioblastoma cells. However, the antitumor immunity in
an immune-competent environment may be non-functional
when WT1 expression in glioblastoma cells is low. In fact,

Chiba et al. reported that patients with glioblastoma with
intermediate WT1 expression had the most favorable
prognosis among patients receiving WT1 peptide vaccination
(30). Thus, when we consider WT1 as a therapeutic target in
patients with glioblastoma, complete silencing of WT1 in
glioblastoma may lead to poor antitumor immunity, leading
to less favorable prognosis. 

Collectively our study suggests that WT1 functions as an
oncogene in glioblastoma, in part by regulating cell
proliferation and apoptosis.

In conclusion, WT1 is involved in glioblastoma cell
proliferation and apoptosis, plays oncogenic roles in
glioblastoma, and thus, may be a feasible molecular target
for the treatment of glioblastoma. 

References

1 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn U,
Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A,
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO;
European Organisation for Research and Treatment of Cancer
Brain Tumor and Radiotherapy Groups; National Cancer

Kijima et al: WT1 and Glioblastoma   

65

Figure 3. Wilms’ tumor-1 (WT1) is involved in apoptosis of glioblastoma cells. A: Representative images of annexin V-positive U87MG cells
transduced with control shRNA or with WT1 shRNA. B: Representative images of annexin V-positive U251 cells transduced with control shRNA or
with WT1 shRNA.



Institute of Canada Clinical Trials Group: Radiotherapy plus
comcomitant and adjuvant temozolomide for glioblastoma. N
Engl J Med 352(10): 987-996, 2005.

2 Izumoto S, Tsuboi A, Oka Y, Suzuki T, Hashiba T, Kagawa N,
Hashimoto N, Maruno M, Elisseeva OA, Shirakata T, Kawakami
M, Oji Y, Nishida S, Ohno S, Kawase I, Hatazawa J, Nakatsuka
S, Aozasa K, Morita S, Sakamoto J, Sugiyama H and Yoshimine
T: Phase II clinical trial of Wilms tumor 1 peptide vaccination
for patients with recurrent glioblastoma multiforme. J Neurosurg
108(5): 963-971, 2008.

3 Oji Y, Inohara H, Nakazawa M, Nakano Y, Akahani S, Nakatsuka
S, Koga S, Ikeba A, Abeno S, Honjo Y, Yamamoto Y, Iwai S,
Yoshida K, Oka Y, Ogawa H, Yoshida J, Aozasa K, Kubo T and
Sugiyama H: Overexpression of the Wilms’ tumor gene WT1 in
head and neck squamous cell carcinoma. Cancer Sci 94(6): 523-
529, 2003.

4 Oji Y, Miyoshi S, Maeda H, Hayashi S, Tamaki H, Nakatsuka S,
Yao M, Takahashi E, Nakano Y, Hirabayashi H, Shintani Y, Oka
Y, Tsuboi A, Hosen N, Asada M, Fujioka T, Murakami M,
Kanato K, Motomura M, Kim EH, Kawakami M, Ikegame K,
Ogawa H, Aozasa K, Kawase I and Sugiyama H: Overexpression
of the Wilms’ tumor gene WT1 in de novo lung cancers. Int J
Cancer 100(3): 297-303, 2002.

5 Oji Y, Miyoshi Y, Koga S, Nakano Y, Ando A, Nakatsuka S,
Ikeba A, Takahashi E, Sakaguchi N, Yokota A, Hosen N,
Ikegame K, Kawakami M, Tsuboi A, Oka Y, Ogawa H, Aozasa
K, Noguchi S and Sugiyama H: Overexpression of the Wilms’
tumor gene WT1 in primary thyroid cancer. Cancer Sci 94(7):
606-611, 2003.

6 Oji Y, Nakamori S, Fujikawa M, Nakatsuka S, Yokota A, Tatsumi
N, Abeno S, Ikeba A, Takashima S, Tsujie M, Yamamoto H,
Sakon M, Nezu R, Kawano K, Nishida S, Ikegame K, Kawakami
M, Tsuboi A, Oka Y, Yoshikawa K, Aozasa K, Monden M and
Sugiyama H: Overexpression of the Wilms’ tumor gene WT1 in
pancreatic ductal adenocarcinoma. Cancer Sci 95(7): 583-587,
2004.

7 Oji Y, Suzuki T, Nakano Y, Maruno M, Nakatsuka S, Jomgeow
T, Abeno S, Tatsumi N, Yokota A, Aoyagi S, Nakazawa T, Ito K,
Kanato K, Shirakata T, Nishida S, Hosen N, Kawakami M,
Tsuboi A, Oka Y, Aozasa K, Yoshimine T and Sugiyama H:
Overexpression of the Wilms’ tumor gene WT1 in primary
astrocytic tumors. Cancer Sci 95(10): 822-827, 2004.

8 Oji Y, Yamamoto H, Nomura M, Nakano Y, Ikeba A, Nakatsuka
S, Abeno S, Kiyotoh E, Jomgeow T, Sekimoto M, Nezu R,
Yoshikawa Y, Inoue Y, Hosen N, Kawakami M, Tsuboi A, Oka Y,
Ogawa H, Souda S, Aozasa K, Monden M and Sugiyama H:
Overexpression of the Wilms’ tumor gene WT1 in colorectal
adenocarcinoma. Cancer Sci 94(8): 712-717, 2003.

9 Oji Y, Yano M, Nakano Y, Abeno S, Nakatsuka S, Ikeba A,
Yasuda T, Fujiwara Y, Takiguchi S, Yamamoto H, Fujita S,
Kanato K, Ito K, Jomgeow T, Kawakami M, Tsuboi A,
Shirakata T, Nishida S, Hosen N, Oka Y, Aozasa K, Monden M
and Sugiyama H: Overexpression of the Wilms’ tumor gene
WT1 in esophageal cancer. Anticancer Res 24(5B): 3103-3108,
2004.

10 Ueda T, Oji Y, Naka N, Nakano Y, Takahashi E, Koga S, Asada
M, Ikeba A, Nakatsuka S, Abeno S, Hosen N, Tomita Y, Aozasa
K, Tamai N, Myoui A, Yoshikawa H and Sugiyama H:
Overexpression of the Wilms’ tumor gene WT1 in human bone
and soft-tissue sarcomas. Cancer Sci 94(3): 271-276, 2003.

11 Clark AJ, Dos Santos WG, McCready J, Chen MY, Van Meter
TE, Ware JL, Wolber SB, Fillmore H and Broaddus WC: Wilms
tumor 1 expression in malignant gliomas and correlation of
+KTS isoforms with p53 status. J Neurosurg 107(3): 586-592,
2007.

12 Coppes MJ, Campbell CE and Williams BR: The role of WT1
in Wilms tumorigenesis. FASEB J 7(10): 886-895, 1993.

13 Rauscher. The WT1 Wilms tumor gene product: A
developmentally regulated transcription factor in the kidney that
functions as a tumor suppressor. FASEB J 7(10): 896-903, 1993.

14 Haber DA, Park S, Maheswaran S, Englert C, Re GG, Hazen-
Martin DJ, Sens DA and Garvin AJ: WT1-mediated growth
suppression of Wilms tumor cells expressing a WT1 splicing
variant. Science 262(5142): 2057-2059, 1993.

15 Algar EM, Kenney MT, Simms LA, Smith SI, Kida Y and Smith
PJ: Homozygous intragenic deletion in the WT1 gene in a
sporadic Wilms’ tumour associated with high levels of expression
of a truncated transcript. Hum Mutat 5(3): 221-227, 1995.

16 Little M and Wells C: A clinical overview of WT1 gene
mutations. Hum Mutat 9(3): 209-225 1997.

17 Loeb DM and Sukumar S: The role of WT1 in oncogenesis:
tumor suppressor or oncogene? Int J Hematol 76(2): 117-126,
2002.

18 Algar EM, Khromykh T, Smith SI, Blackburn DM, Bryson GJ
and Smith PJ: A WT1 antisense oligonucleotide inhibits
proliferation and induces apoptosis in myeloid leukaemia cell
lines. Oncogene 12(5): 1005-1014, 1996.

19 Yamagami T, Sugiyama H, Inoue K, Ogawa H, Tatekawa T,
Hirata M, Kudoh T, Akiyama T, Murakami A and Maekawa T:
Growth inhibition of human leukemic cells by WT1 (Wilms
tumor gene) antisense oligodeoxynucleotides: implications for
the involvement of WT1 in leukemogenesis. Blood 87(7): 2878-
2884, 1996.

20 Tatsumi N, Oji Y, Tsuji N, Tsuda A, Higashio M, Aoyagi S,
Fukuda I, Ito K, Nakamura J, Takashima S, Kitamura Y, Miyai S,
Jomgeow T, Li Z, Shirakata T, Nishida S, Tsuboi A, Oka Y and
Sugiyama H: Wilms’ tumor gene WT1-shRNA as a potent
apoptosis-inducing agent for solid tumors. Int J Oncol 32(3):
701-711, 2008.

21 Inoue K, Tamaki H, Ogawa H, Oka Y, Soma T, Tatekawa T, Oji
Y, Tsuboi A, Kim EH, Kawakami M, Akiyama T, Kishimoto T
and Sugiyama H: Wilms’ tumor gene (WT1) competes with
differentiation-inducing signal in hematopoietic progenitor cells.
Blood 91(8): 2969-2976, 1998.

22 Tsuboi A, Oka Y, Ogawa H, Elisseeva OA, Tamaki H, Oji Y, Kim
EH, Soma T, Tatekawa T, Kawakami M, Kishimoto T and
Sugiyama H: Constitutive expression of the Wilms’ tumor gene
WT1 inhibits the differentiation of myeloid progenitor cells but
promotes their proliferation in response to granulocyte-colony
stimulating factor (G-CSF). Leuk Res 23(5): 499-505 1999.

23 Li H, Oka Y, Tsuboi A, Yamagami T, Miyazaki T, Yusa S,
Kawasaki K, Kishimoto Y, Asada M, Nakajima H, Kanato K,
Nishida S, Masuda T, Murakami M, Hosen N, Kawakami M,
Ogawa H, Melchers F, Kawase I, Oji Y and Sugiyama H: The
LCK promoter-driven expression of the Wilms tumor gene WT1
blocks intrathymic differentiation of T-lineage cells. Int J
Hematol 77(5): 463-470, 2003.

24 Jomgeow T, Oji Y, Tsuji N, Ikeda Y, Ito K, Tsuda A, Nakazawa
T, Tatsumi N, Sakaguchi N, Takashima S, Shirakata T, Nishida
S, Hosen N, Kawakami M, Tsuboi A, Oka Y, Itoh K and

ANTICANCER RESEARCH 34: 61-68 (2014)

66



Sugiyama H: Wilms’ tumor gene WT1 17AA(–)/KTS(–) isoform
induces morphological changes and promotes cell migration and
invasion in vitro. Cancer Sci 97(4): 259-270, 2006.

25 Ito K, Oji Y, Tatsumi N, Shimizu S, Kanai Y, Nakazawa T, Asada
M, Jomgeow T, Aoyagi S, Nakano Y, Tamaki H, Sakaguchi N,
Shirakata T, Nishida S, Kawakami M, Tsuboi A, Oka Y,
Tsujimoto Y and Sugiyama H: Antiapoptotic function of
17AA(+)WT1 (Wilms’ tumor gene) isoforms on the intrinsic
apoptosis pathway. Oncogene 25(30): 4217-4229, 2006.

26 Nishida S, Hosen N, Shirakata T, Kanato K, Yanagihara M,
Nakatsuka S, Hoshida Y, Nakazawa T, Harada Y, Tatsumi N,
Tsuboi A, Kawakami M, Oka Y, Oji Y, Aozasa K, Kawase I, and
Sugiyama H. AML1-ETO rapidly induces acute myeloblastic
leukemia in cooperation with the Wilms tumor gene, WT1.
Blood 107(8): 3303-3312, 2006.

27 Clark AJ, Chan DC, Chen MY, Fillmore H, Dos Santos WG, Van
Meter TE, Graf MR and Broaddus WC: Down-regulation of
Wilms’ tumor 1 expression in glioblastoma cells increases
radiosensitivity independently of p53. J Neurooncol 83(2): 163-
172, 2007.

28 Clark AJ, Ware JL, Chen MY, Graf MR, Van Meter TE, Dos
Santos WG, Fillmore HL and Broaddus WC: Effect of WT1
gene silencing on the tumorigenicity of human glioblastoma
multiforme cells. J Neurosurg 112(1): 18-25, 2010.

29 Chidambaram A, Fillmore HL, Van Meter TE, Dumur CI and
Broaddus WC: Novel report of expression and function of CD97
in malignant gliomas: correlation with Wilms tumor 1 expression
and glioma cell invasiveness. J Neurosurg 116(4): 843-853, 2012.

30 Chiba Y, Hashimoto N, Tsuboi A, Rabo C, Oka Y, Kinoshita M,
Kagawa N, Oji Y, Sugiyama H and Yoshimine T: Prognostic
value of WT1 protein expression level and MIB-1 staining index
as predictor of response to WT1 immunotherapy in glioblastoma
patients. Brain Tumor Pathol 27(1): 29-34, 2010.

Received November 13, 2013
Revised December 2, 2013

Accepted December 3, 2013

Kijima et al: WT1 and Glioblastoma   

67


