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Expression of the Wilms’ tumor gene WT1 was examined in 59
cases of colorectal adenocarcinoma to examine the involvement
of WT1 in tumorigenesis. Quantitative real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR) showed that WT1 mRNA
was expressed in the range from 7.2 ××××10−−−−5 to 4.9 ××××10−−−−1 levels (WT1
expression level in K562 leukemic cells was defined as 1.0) in all
(100%) of the 28 cases of colorectal adenocarcinoma examined,
and that the WT1 mRNA expression levels were higher in 20
(71%) of the 28 cases compared to those of normal-appearing
mucosal tissues examined. Immunohistochemical analysis using
an anti-WT1 antibody was performed on 46 cases of colorectal
adenocarcinoma (15 of the 28 cases with WT1 mRNA expression
and 31 newly collected cases), and the expression of WT1 protein
was detected in 41 (89%) of the 46 cases. The direct sequencing
analysis of the WT1 genomic DNA showed no mutations in any of
the 10 exons of the WT1 gene in any of 5 different colorectal ade-
nocarcinomas. These results may indicate an important role of the
wild-type WT1 gene in tumorigenesis of colorectal adenocarci-
noma. (Cancer Sci 2003; 94: 712–717) 

he Wilms’ tumor gene (WT1) was originally isolated as a
tumor-suppressor gene that was inactivated in a subset of

Wilms’ tumors and mutated in the germline of children with a
genetic predisposition to this kidney neoplasm of the
childhood.1–3) The WT1 gene encodes a zinc finger transcription
factor that regulates transcription of growth factor (PDGF-A
chain, CSF-1, and IGF-II)4–6) and growth factor receptor (IGF-
IR)7) genes and other genes (RAR-α, c-myc, and bcl-2).8, 9)

We have demonstrated that the wild-type WT1 gene is ex-
pressed in cancer cells derived from various kinds of cancers,
including colon cancer,10, 11) and overexpressed in primary leu-
kemia,12) breast,13, 14) lung cancer,15) bone and soft-tissue sar-
coma,16) and head and neck squamous cell carcinoma
(HNSCC).17) Furthermore, growth of WT1-expressing cancer
cells was inhibited by treatment with WT1 antisense
oligomers.10, 18, 19) Therefore, we proposed that the wild-type
WT1 gene plays an oncogenic role rather than having a tumor-
suppressor function in tumorigenesis of various types of can-
cers.20)

Colorectal adenocarcinoma is a common disease in both men
and women and an important public health problem worldwide.
Many genes, including oncogenes such as myc21, 22) and ras,23, 24)

and tumor suppressor genes, such as p5325, 26) and APC,27) have
been reported to be involved in the pathogenesis of colorectal
adenocarcinoma. However, the precise mechanism of tumori-
genesis of colorectal adenocarcinoma remains unclear.

In the present study, we analyzed expression of the WT1 gene
in human primary colorectal adenocarcinoma to examine the
involvement of WT1 in tumorigenesis of colorectal adenocarci-
noma, and found that the WT1 gene was expressed at the

mRNA level in all (100%) of 28 cases and overexpressed at the
protein level in 41 (89%) of 46 cases of colorectal adenocarci-
noma examined.

Materials and Methods

Tissue samples. WT1 expression was analyzed in 59 cases of
colorectal adenocarcinoma. In 28 cases, expression levels of the
WT1 gene were determined by quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR). In 46 cases
(15 of the 28 cases above and 31 newly collected cases), WT1
protein expression in colorectal adenocarcinoma tissue was an-
alyzed by immunohistochemistry. For real-time RT-PCR analy-
sis, paired colorectal adenocarcinoma tissues and normal-
appearing colorectal mucosal tissues more than 5 cm apart from
the margin of the tumors were obtained. All samples were ob-
tained with informed consent at Osaka University Hospital and
Nissay Hospital. Clinicopathological features of the 59 cases
are shown in Table 1.

RNA purification and RT-PCR. Total RNA was isolated from the
sample tissues using Trizol (Invitrogen, Leek, the Netherlands)
according to the manufacturer’s instructions, dissolved in dieth-
ylpyrocarbonate (DEPC)-treated water, and quantified in terms
of the absorbance at 260 nm with a spectrophotometer. RNA
was converted into cDNA as described previously15) and stored
at −20°C until use.

To determine relative WT1 expression levels, cDNA (3.0 µl
for WT1 and 2.0 µl for β-actin) was added to the PCR buffer
(100 mM Tris-HCl, pH 8.3; 500 mM KCl; and 3 mM MgCl2)
containing 200 µM of each dNTP, 1.25 U of AmpliTaq Gold
(PE Applied Biosystems, Foster City, CA), 0.5 µM forward and
reverse primers, and 200 nM TaqMan probe in a total volume
of 50 µl. The sequences of primers and probes used are as fol-
lows. WT1: forward primer (F1), 5′GATAACCACACAACG-
CCCATC3′; reverse primer (R1), 5′CACACGTCGCACATC-
CTGAAT3′; probe, 5′FAM-ACACCGTGCGT GTGTATTCTG-
TATTGG-TAMRA3′. β-Actin: forward primer, 5′CCCAGCA-
CAATGA AGATCAAG ATCAT3′; reverse primer, 5′ATCTGC-
TGGAAGGTGGACAGCGA3′; probe, 5′FAM-TGAGCG-
CAAGTACTC CGTGTGGATCGGCG-TAMRA3′. After acti-
vation of AmpliTaq Gold polymerase at 95°C for 10 min, PCR
was performed for 40 cycles (95°C for 30 s/63°C for 60 s). Se-
quences of WT1 reverse and β-actin forward primers spanned
two consecutive exons from exons 6 to 7 and from exons 4 to 5
of the respective gene in order to avoid amplification of the
corresponding genome sequences. Standard curves for the
quantitation of WT1 and β-actin were constructed from the re-
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Table 1. Clinical features of patients with colorectal adenocarcinoma and WT1 expression in cancer tissues

Pt. ID Age 
(year) Gender Site Differentiation TNM classification Stage WT1 mRNA level WT1 protein

1 73 M rectum mod T2N0M0 I 5.6×10−2 ++
2 54 F rectum mod T2N0M0 II 2.6×10−2 n.d.
3 80 M rectum well T4N2M0 IIIb 2.1×10−2 ++
4 55 F rectum mod T2N0M0 I 1.4×10−2 n.d.
5 68 M rectum mod T2N2M0 IIIb 9.5×10−3 n.d.
6 72 M rectum well T2N0M0 I 5.6×10−3 ++
7 52 F rectum well T3N1M0 IIIa 5.6×10−3 +
8 88 F rectum well T3N0M0 II 3.5×10−3 ++
9 65 M rectum mod T1N0M0 I 3.4×10−3 n.d.

10 44 F rectum well T2N0M0 I 2.3×10−3 ++
11 35 M rectum mod T2N3M1 (HEP) IV 2.2×10−3 n.d.
12 60 M rectum well T3N0M0 II 1.5×10−3 n.d.
13 78 F rectum mod T2N1M0 IIIa 7.3×10−4 n.d.
14 62 M rectum mod T2N1M0 IIIa 5.6×10−4 n.d.
15 53 M rectum mod T2N0M0 II 5.1×10−4 n.d.
16 51 M rectum mucinous T3N1M0 IIIa 2.1×10−4 ++
17 66 M rectum well T3N0M0 II 2.0×10−4 ++
18 57 F rectum mucinous T3N0M0 II 9.5×10−5 ++
19 81 M rectum well T2N0M0 II n.d. ++
20 66 F rectum mod T1N1M0 IIIa n.d. ++
21 64 M rectum mod T2N1M1 (HEP) IV n.d. ++
22 44 F rectum mod T2N0M0 II n.d. ++
23 52 F rectum mod T2N1M0 IIIa n.d. ++
24 73 F rectum mod T2N1M1 (HEP) IV n.d. ++
25 66 M rectum mod T2N2M1 (PUL) IV n.d. ++
26 55 F rectum mod T2N1M0 IIIa n.d. ++
27 63 M rectum mucinous T2N0M0 II n.d. ++
28 62 M rectum mod T2N1M0 IIIa n.d. ++
29 71 F rectum mod T2N1M0 IIIa n.d. ++
30 52 F rectum mod T2N0M0 II n.d. ++
31 53 F rectum mod T3N0M0 IIIa n.d. ++
32 53 M rectum mod T2N0M0 II n.d. ++
33 59 F rectum mucinous T2N0M0 II n.d. ++
34 69 F rectum mod T3N0M0 II n.d. ++
35 68 F rectum mod T2N2M0 IIIb n.d. ++
36 87 M rectum mod T2N1M0 IIIa n.d. −
37 56 M rectum mod T2N1M0 IIIa n.d. −
38 53 M sigmoid colon well T1N0M0 I 6.9×10−4 −
39 62 F sigmoid colon well T2N1M0 IIIa 7.2×10−5 ++
40 49 M sigmoid colon mod T2N0M1 (HEP) IV n.d. ++
41 70 M sigmoid colon mod T2N0M0 II n.d. ++
42 61 M sigmoid colon mod T2N0M0 II n.d. ++
43 59 M sigmoid colon mod T2N1M1 (HEP) IV n.d. ++
44 70 M sigmoid colon mod T2N0M0 II n.d. ++
45 60 M sigmoid colon mod T2N0M0 II n.d. +
46 59 M descending colon mod T2N0M1 (HEP) IV 7.4×10−3 n.d.
47 75 F descending colon well T2N0M0 I 4.3×10−3 +
48 63 M descending colon mod T2N1M1 (HEP) IV 2.1×10−3 n.d.
49 54 F descending colon mod T3N1M1 (HEP, PUL) IV 1.3×10−3 ++
50 73 M transverse colon well T3N2M0 IIIb 1.7×10−2 ++
51 49 M ascending colon poor T3N1M0 IIIa 4.9×10−1 ++
52 67 F ascending colon mod T2N2M1 (PER) IV 1.8×10−3 n.d.
53 69 M ascending colon mod T3N0M0 II 1.6×10−3 n.d.
54 60 M ascending colon mod T2N0M0 II n.d. ++
55 82 F ascending colon mod T2N0M0 II n.d. ++
56 82 F ascending colon mod T3N1M1 (HEP) IV n.d. ++
57 69 F ascending colon well T2N1M1 (HEP) IV n.d. +
58 76 F ascending colon mod T2N1M0 IIIa n.d. −
59 71 M ascending colon mod T2N0M0 II n.d. −

WT1 mRNA expression levels were determined by real-time RT-PCR. WT1 mRNA expression level in leukemic cell line K562 cells was defined
as 1.0. WT1 protein expression was determined by immunohistochemistry. ++, positive; +, weakly positive; −, negative; n.d., not determined.
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sults of simultaneous amplification of serial dilutions of the
cDNA from WT1-expressing K562 leukemic cells, whose WT1
expression level was defined as 1.0, as described previously.15)

Real-time PCR and subsequent calculations were performed on
an ABI Prism 7700 Sequence Detector System (PE Applied
Biosystems). To normalize the differences in RNA degradation
and in RNA loading for RT-PCR in individual samples, the val-
ues of levels of WT1 gene expression divided by those of β-ac-
tin gene expression were defined as relative WT1 expression
levels in the samples. All experiments were performed in dupli-
cate.

Immunohistochemistry. Formalin-fixed tissue sections of 4-µm
thickness were cut from each paraffin block. After dewaxing
with xylene and rehydration through a graded series of ethanol,
the sections were microwaved for 15 min in 10 mM citrate
buffer (pH 6.0) for antigen retrieval. After blocking of endoge-
nous biotin using the Biotin Blocking System (DAKO, Glos-
trup, Denmark), these sections were incubated in phosphate-
buffered saline containing goat serum albumin, reacted with
anti-WT1 rabbit polyclonal antibody C-19 (Santa Cruz Biotech-
nology, Santa Cruz, CA) diluted 1:100 at 4°C overnight and
then reacted with biotinylated goat anti-rabbit IgG antibody
(Vector Labs., Burlingame, CA) diluted 1:100 at 37°C for 30
min. After treatment with 3% H2O2 solution to reduce endoge-
nous peroxidase activity, immunoreactive WT1 protein was vi-
sualized using a Vectastain ABC kit (Vector Labs.) according to
the manufacturer’s instructions. The sections were then coun-
terstained with methyl green.

Sequencing analysis. Genomic DNA was isolated from the fro-
zen colorectal adenocarcinoma tissues with standard tech-
niques, dissolved in distilled water, and quantified in terms of
the absorbance at 260 nm with a spectrophotometer. For ampli-
fication of exons 2–10 of the WT1 gene, 0.2 µg of genomic
DNA was added to the PCR buffer (100 mM Tris-HCl, pH 8.3;
500 mM KCl; and 3 mM MgCl2) containing 250 µM of each
dNTP, 1.25 U of ExTaq polymerase (TAKARA, Shiga), and 0.5
µM forward and reverse primers15, 17, 28) (Table 2) in a total vol-
ume of 50 µl. For amplification of exon 1 of the WT1 gene that
has high GC content, 0.2 µg of genomic DNA was added to the

PCR buffer (1×  Pfx amplification buffer with 2.5 mM MgCl2

and 1×  PCRx enhancer solution) containing 250 µM of each
dNTP, 1.25 U of PLATINUM Pfx DNA polymerase (Invitro-
gen), and 0.5 µM forward (A-1) and reverse (AA-2) primers
(Table 2) in a total volume of 50 µl. PCR amplification was
carried out using a thermal cycler TP-3000 (TAKARA) for 35
cycles; each cycle consisting of 60 s at 94°C, 60 s at 53°C for
exon 1 or 55°C for exons 2–10, and 90 s at 72°C. PCR prod-
ucts were separated on 2% agarose gel, cut out from the gel,
and purified using a Qiaquick gel extraction kit (Qiagen, Valen-
cia, CA). After ethanol precipitation, the PCR-amplified DNA
fragments were directly sequenced in both directions by an ABI
Prism 377 sequencer (Perkin Elmer Life Science, Boston, MA)
using appropriate primers (Table 2) and a Big Dye Terminator
Cycle Sequencing Kit (Perkin Elmer Life Science).

Statistical analysis. Statistical analysis to assess correlations
between WT1 expression levels in colorectal cancer and the
clinical parameters was performed using the unpaired t test or
one-way factorial analysis of variance (ANOVA). Fisher’s pro-
tected least significant difference (PLSD) was used as a post
hoc test.

Results

WT1 mRNA expression in colorectal adenocarcinoma. WT1 gene
expression levels in 28 cases of colorectal adenocarcinoma
were examined by means of quantitative real-time RT-PCR. As
shown in Table 1 and Fig. 1, the WT1 gene was expressed at the
levels ranging from 7.2×10−5 to 4.9×10−1 in all of the 28 cases
of colorectal adenocarcinoma examined. In normal-appearing
colorectal mucosal tissues, WT1 was detected in 9 of 12 cases
at low levels ranging from 1.9×10−5 to 8.9×10−4 and was unde-
tectable in the remaining 3. The WT1 mRNA expression levels
in carcinoma tissues were significantly higher than those in
normal-appearing colorectal mucosal tissues (P<0.0001).

Expression of WT1 protein in colorectal adenocarcinoma. Expres-
sion of WT1 protein was examined by immunohistochemistry
in 46 cases of colorectal adenocarcinoma. They included 28
rectal adenocarcinoma and 8 sigmoid, 2 descending, one trans-
verse, and 7 ascending colonic adenocarcinomas. In all sec-
tions, normal colorectal mucosal cells could be seen adjacent to

Table 2. Primers for amplification and sequencing of exons of WT1
genomic DNA

Exons
Primers

Names Sequences

1 A-1 5′-GGAATTCAGCAAATGGGCTCCGACGTG-3′
A-2 5′-GTAAGCCGAAGCGCCCG-3′
AA-1 5′-CCGGTGCTGGACTTTGCG-3′
AA-2 5′-CCTGAATTCCCGGCCTACTTACCC-3′

2 B-1 5′-CCCAAGCTTCCGTCTTGCGAGAGCACC-3′
B-2 5′-CCCCGAATTCAATTTGCTGTGGGTTAGG-3′

3 C-1 5′-CCCCAAGCTTCTCGTGTCTCCCCCAAC-3′
C-2 5′-CGAATTCAGCCTCCAAGACCCAGCATGC-3′

4 DD-1 5′-GTGTATAACTGTGCAGAGATCAGTGG-3′
DD-2 5′-GTCACAGAGAGCTTTGCCCTTTCTTC-3′

5 E-1 5′-CCTGAATTCCACTCCCCACCTCTTC-3′
E-2 5′-CCTGAATTCGCCATTTGCTTTGCC-3′

6 F-1 5′-CCTGAATTCCTTTTTCCCTTCTTTG-3′
F-2 5′-CCTGAATTCCTTCCGCTGGGGCC-3′

7 G-1 5′-CCTGAATTCGCTTAAAGCCTCCCTTC-3′
G-2 5′-CCTGAATTCTTGAACCATGTTTGCCC-3′

8 H-1 5′-CCTGAATTCGAGATCCCCTTTTCCAGT-3′
H-2 5′-CCTGAATTCACAGCTGCCAGCAATG-3′

9 I-1 5′-CCTGAATTCTCACTGTGCCCACATTG-3′
I-2 5′-CCTGAATTCAATTTCATTCCACAATAG-3′

10 J-1 5′-CCTGAATTCCTGTCTCTTTGTTGC-3′
J-2 5′-GTCCCCGAGGGAGACCCC-3′

Fig. 1. Overexpression of the WT1 gene in colorectal adenocarcinoma.
Relative WT1 mRNA expression levels in colorectal adenocarcinoma
and normal-appearing colorectal mucosal tissues were examined by a
quantitative real-time RT-PCR method. WT1 expression level in leuke-
mia cell line K562 was defined as 1.0.
714 Oji et al.



carcinoma cells. The intensity of the staining of stained carci-
noma cells was scored as one of three categories: negative (−)
(negative or weakly positive staining in carcinoma cells similar
to that in normal mucosa cells); weakly positive (+) (slightly
increased staining of carcinoma cells compared to normal mu-
cosal cells); and positive (++) (markedly increased staining of
carcinoma cells compared to normal mucosal cells). Of 28 rec-
tal adenocarcinomas, 25 were scored as positive and one as
weakly positive, but the remaining two as negative. Of 8 cases
of sigmoid colonic adenocarcinoma, 6 were scored as positive
and one as weakly positive, but the remaining one as negative.
Of two cases of descending colonic adenocarcinoma, one was

scored as positive and the other as weakly positive. One case of
transverse colonic adenocarcinoma was scored as positive. Of 7
cases of ascending colonic adenocarcinoma, 4 cases were
scored as positive and one as weakly positive, but the remain-
ing 2 cases as negative. Thus, of 46 cases of colorectal adeno-
carcinoma, 37 (80%) cases were scored as positive and 4 (9%)
as weakly positive, but the remaining 5 (11%) as negative (Ta-
bles 1 and 3). These results showed that the WT1 gene was
overexpressed at the protein level in the majority of colorectal
adenocarcinomas. Representative results are shown in Fig. 2.

Correlation between WT1 expression levels and clinical parame-
ters. Whether or not WT1 mRNA expression levels correlated
with clinicopathological parameters was statistically analyzed.
No significant correlations were observed between WT1 mRNA
expression levels and any of age, gender, site of tumors, T
stage, N stage, M stage and clinical stage (Table 4 and Fig. 3, A
and B).

Absence of mutations in the WT1 gene in colorectal adenocarci-
noma. To determine whether or not the WT1 gene overex-
pressed in these colorectal adenocarcinoma had mutations, the
WT1 genomic DNA from 5 cases (patients 1, 3, 4, 6, and 50)
was PCR-amplified and examined for mutations by direct se-
quencing. The sequencing analysis demonstrated the absence of
mutations throughout the 10 exons of the WT1 gene in all of 5
different cases of colorectal adenocarcinoma. Two different sin-
gle nucleotide polymorphisms (SNP) that did not alter the
amino acid sequence of WT1 protein were detected in the WT1
gene. A polymorphism, Pro42, C→T in exon 1 was detected in
4 (patients 3, 4, 6, and 50) of the 5 cases examined. In the re-
maining one case (patient 1), Pro42, C→T in exon 1 and
Arg300, A→G in exon 7 were detected (data not shown).

Table 3. Expression of WT1 protein in colorectal adenocarcinoma

Site of tumors No. of cases
examined

Expression of WT1 protein

++ + −

rectum 28 25 1 2
sigmoid colon 8 6 1 1

descending colon 2 1 1 0
transverse colon 1 1 0 0
ascending colon 7 4 1 2

Total 46
37 (80%) 4 (9%)

5 (11%)
41 (89%)

Fig. 2. Expression of WT1 protein in sigmoid colonic adenocarcinoma.
Sectioned sigmoid colonic adenocarcinoma tissue of patient 39 was
stained with an anti-WT1 antibody. Cytoplasmic staining of WT1 pro-
tein was observed with brown in carcinoma cells (a), but not in normal
mucosal cells (b).

Table 4. Correlations between WT1 mRNA expression levels and
clinicopathological characteristics in colon cancer

Clinicopathological 
characteristics Total P value

All cases 28
Sex

Male 17 0.4470a

Female 11
Age

<60 years 12 0.8669a

≥60 years 16
Site of tumors

rectum 18 0.2048b

sigmoid colon 2
descending colon 4
transverse colon 1
ascending colon 3

T stage
T1 2 0.711b

T2 15
T3 10
T4 1

N stage
N0 15 0.5625a

N1–N3 13
M stage

M0 23 0.9149a

M1 5
Clinical stage

I 7 0.5471b

II 7
III 9
IV 5

Statistical analysis was performed by unpaired t test (a) or ANOVA
(b).
Oji et al. Cancer Sci | August 2003 | vol. 94 | no. 8 | 715



Discussion

The WT1 gene was originally isolated as a tumor suppressor
gene responsible for Wilms’ tumor, a kidney neoplasm of child-
hood. However, we hypothesized that the WT1 gene plays an
oncogenic role in tumorigenesis of various types of cancers on
the basis of the following findings20): (a) the wild-type WT1
gene was overexpressed in leukemia,12) breast,13, 14) lung can-
cer,15) and bone and soft-tissue sarcoma,16) and HNSCC,17) (b)
high expression levels of WT1 mRNA significantly correlated
with poor prognosis in leukemia12) and breast cancer,14) and
with high tumor-stage in testicular germ-cell tumors29) and

HNSCC,17) (c) growth of WT1-expressing cancer cells was in-
hibited by treatment with WT1 antisense oligomers,10, 18, 19) (d)
constitutive expression of WT1 blocked differentiation, and in-
stead induced proliferation in response to granulocyte colony-
stimulating factor (G-CSF) in 32D cl3 myeloid progenitor
cells30) and normal myeloid progenitor cells.31) The present
study demonstrated that the WT1 gene was overexpressed in the
majority of the primary colorectal adenocarcinomas examined
and that the WT1 gene overexpressed in colorectal adenocarci-
noma was the non-mutated, wild-type. These results supported
our hypothesis, indicating that the wild-type WT1 gene does
play an oncogenic role in the tumorigenesis of human primary
colorectal adenocarcinoma.

The WT1 expression levels were widely distributed in nor-
mal-appearing colorectal mucosal tissues examined and more
than half of these tissues expressed the gene at levels similar to
those in colorectal carcinoma. One possibility was the presence
of WT1-expressing pre-malignant cells in normal-appearing
colorectal mucosal tissues. Fearon and Vogelstein described a
multistep model of the tumorigenesis of colon cancer.32) Ac-
cording to this model, genetic events such as ras mutation and
loss of APC, DCC, and p53 accumulate in affected colonic cells
and give rise to carcinoma. In the present study, overexpression
of the WT1 gene was observed in most of the colorectal adeno-
carcinomas examined. This high frequency of WT1 overexpres-
sion in colorectal adenocarcinoma might indicate that
overexpression of the WT1 gene is one of the critical genetic
events in the tumorigenesis of colorectal adenocarcinoma. We
previously reported that high expression levels of the WT1 gene
in myelodysplastic syndrome significantly correlated with dis-
ease progression to overt leukemia.33) This raised the possibility
that an increase in WT1 expression levels reflected the disease
progression of colorectal tumors from benign to carcinoma.
Therefore, analysis of the correlation between the WT1 gene
expression levels and tumor progression stages, such as col-
orectal hyperplastic mucosa, adenoma, and carcinoma, is of in-
terest and importance.

The present results are consistent with the idea that the wild-
type WT1 gene plays an important role in tumorigenesis of pri-
mary colorectal adenocarcinoma. Thus, WT1 could be a new
molecular target for treatment of colorectal adenocarcinoma ex-
pressing WT1. We and others have demonstrated that WT1-
specific cytotoxic T lymphocytes specifically kill WT1-ex-
pressing leukemia cells34, 35) and that WT1 protein is an attrac-
tive tumor rejection antigen.36–40) Our results presented here
may provide a rationale for immunotherapy targeting WT1 pro-
tein as a new treatment strategy for colorectal adenocarcinoma
expressing WT1.

This work was supported in part by a Grant-in-Aid from the Ministry
of Education, Culture, Sports, Science and Technology of Japan.

1. Call KM, Glaser TM, Ito CY, Buckler AJ, Pelletier J, Haber DA, Rose EA,
Kral A, Yeger H, Lewis WH, Jones C, Housman DE. Isolation and charac-
terization of a zinc finger polypeptide gene at the human chromosome 11
Wilms’ tumor locus. Cell 1990; 60: 509–20.

2. Gessler M, Poustka A, Cavenee W, Neve RL, Orkin SH, Bruns GAP. Ho-
mozygous deletions in Wilms’ tumours of a zinc-finger gene identified by
chromosome jumping. Nature 1990; 343: 7748.

3. Pelletier J, Bruening W, Li FP, Haber DA, Glaser T, Housman DE. WT1 mu-
tations contribute to abnormal genital system development and hereditary
Wilms’ tumour. Nature 1991; 353: 431–4.

4. Gashler AL, Bonthron DT, Madden SL, Rauscher FJ 3rd, Collins T,
Sukhatme VP. Human platelet derived growth factor A chain is transcription-
ally repressed by the Wilms tumor suppressor WT1. Proc Natl Acad Sci USA
1992; 89: 10984–8.

5. Harrington MA, Harrington MA, Konicek B, Song A, Xia XL, Fredericks
WJ, Rauscher FJ 3rd. Inhibition of colony-stimulating factor-1 promoter ac-

tivity by the product of the Wilms’ tumor locus. J Biol Chem 1993; 268:
21271–5.

6. Drummond IA, Madden SL, Rohwer-Nutter P, Bell GI, Sukhatme VP,
Rauscher FJ 3rd. Repression of the insulin-like growth factor II gene by the
Wilms tumor suppressor WT1. Science 1992; 257: 674–8.

7. Werner H, Re GG, Drummond IA, Sukhatme VP, Rauscher FJ 3rd, Sens DA,
Garvin AJ, LeRoith D, Roberts CT Jr. Increased expression of the insulin-
like growth factor I receptor gene, IGFIR, in Wilms tumor is correlated with
modulation of IGFIR promoter activity by the WT1 Wilms tumor gene prod-
uct. Proc Natl Acad Sci USA 1993; 90: 5828–32.

8. Goodyer P, Dehbi M, Torban E, Bruening W, Pelletier J. Repression of the
retinoic acid receptor-alpha gene by the Wilms’ tumor suppressor gene prod-
uct, wt1. Oncogene 1995; 10: 1125–9.

9. Hewitt SM, Hamada S, McDonnell TJ, Rauscher FJ 3rd, Saunders GF.
Regulation of the proto-oncogenes bcl-2 and c-myc by the Wilms’ tumor
suppressor gene WT1. Cancer Res 1995; 55: 5386–9.

Fig. 3. Correlation between WT1 mRNA expression levels and clinical
parameters of colorectal adenocarcinoma. A, Correlation between WT1
mRNA expression levels and site of tumors. R, rectum; S, sigmoid colon;
D, descending colon; T, transverse colon; A, ascending colon. B, Corre-
lation between WT1 mRNA expression levels and clinical stages.
716 Oji et al.



10. Oji Y, Ogawa H, Tamaki H, Oka Y, Tsuboi A, Kim EH, Soma T, Tatekawa T,
Kawakami M, Asada M, Kishimoto T, Sugiyama H. Expression of the
Wilms’ tumor gene WT1 in solid tumors and its involvement in tumor cell
growth. Jpn J Cancer Res 1999; 90: 194–204.

11. Miwa H, Beran M, Saunders GF. Expression of the Wilms’ tumor gene
(WT1) in human leukemias. Leukemia 1992; 6: 405–9.

12. Inoue K, Sugiyama H, Ogawa H, Nakagawa M, Yamagami T, Miwa H, Kita
K, Hiraoka A, Masaoka T, Nasu K, Kyo T, Dohy H, Nakauchi H, Ishidate T,
Akiyama T, Kishimoto T. WT1 as a new prognostic factor and a new marker
for the detection of minimal residual disease in acute leukemia. Blood 1994;
84: 3071–9.

13. Loeb DM, Evron E, Patel CB, Sharma PM, Niranjan B, Buluwela L,
Weitzman SA, Korz D, Sukumar S. Wilms’ tumor suppressor gene (WT1) is
expressed in primary breast tumors despite tumor-specific promoter methyla-
tion. Cancer Res 2001; 61: 921–5.

14. Miyoshi Y, Ando A, Egawa C, Taguchi T, Tamaki Y, Tamaki H, Sugiyama
H, Noguchi S. High expression of Wilms’ tumor suppressor gene predicts
poor prognosis in breast cancer patients. Clin Cancer Res 2002; 8: 1167–71.

15. 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, Sugiyama H.
Overexpression of the Wilms’ tumor gene WT1 in de novo lung cancers. Int
J Cancer 2002; 100: 297–303.

16. 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, Sugiyama H. Overexpression of the Wilms’ tumor gene WT1
in human bone and soft-tissue sarcomas. Cancer Sci 2003; 3: 271–6.

17. 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 Y, Aozasa K, Kubo T, Sugiyama H. Overexpression of the
Wilms’ tumor gene WT1 in head and neck squamous cell carcinoma. Cancer
Sci 2003; 6: 523–9.

18. Yamagami T, Sugiyama H, Inuoe K, Ogawa H, Tatekawa T, Hirata M,
Kudoh T, Akiyama T, Murakami A, Maekawa T, Kishimoto T. Growth inhi-
bition of human leukemic cells by WT1 (Wilms tumor gene) antisense oli-
godeoxynucleotides: implications for the involvement of WT1 in
leukemogenesis. Blood 1996; 87: 2878–84.

19. Algar EM, Khromykh T, Smith SI, Blackburn DM, Bryson GJ, Smith PJ. A
WT1 antisense oligonucleotide inhibits proliferation and induces apoptosis
in myeloid leukaemia cell lines. Oncogene 1996; 12: 1005–14.

20. Sugiyama H. Wilms’ tumor gene WT1: its oncogenic function and clinical
application. Int J Hematol 2001; 73: 177–87.

21. Stewart J, Evan G, Watson J, Sikora K. Detection of the c-myc oncogene
product in colonic polyps and carcinomas. Br J Cancer 1986; 53: 1–6.

22. Yander G, Halsey H, Kenna M, Augenlicht LH. Amplification and elevated
expression of c-myc in a chemically induced mouse colon tumor. Cancer Res
1985; 45: 4433–8.

23. Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries M, van Boom JH, van
der Eb AJ, Vogelstein B. Prevalence of ras gene mutations in human colorec-
tal cancers. Nature 1987; 327: 293–7.

24. Tortola S, Marcuello E, Gonzalez I, Reyes G, Arribas R, Aiza G, Sancho FJ,
Peinado MA, Capella G. p53 and K-ras gene mutations correlate with tumor
aggressiveness but are not of routine prognostic value in colorectal cancer. J

Clin Oncol 1999; 17: 1375–81.
25. Baker SJ, Markowitz S, Fearon ER, Willson JK, Vogelstein B. Suppression

of human colorectal carcinoma cell growth by wild-type p53. Science 1990;
249: 912–5.

26. Rodrigues NR, Rowan A, Smith ME, Kerr IB, Bodmer WF, Gannon JV,
Lane DP. p53 mutations in colorectal cancer. Proc Natl Acad Sci USA 1990;
87: 7555–9.

27. Nishisho I, Nakamura Y, Miyoshi Y, Miki Y, Ando H, Horii A, Koyama K,
Utsunomiya J, Baba S, Hedge P. Mutations of chromosome 5q21 genes in
FAP and colorectal cancer patients. Science 1991; 253: 665–9.

28. Bruening W, Gros P, Sato T, Stanimir J, Nakamura Y, Housman D, Pelletier
J.  Analysis of the 11p13 Wilms’ tumor suppressor gene (WT1) in ovarian
tumors. Cancer Invest 1993; 11: 393–9.

29. Harada Y, Nonomura N, Nishimura K, Tamaki H, Takahara S, Miki T,
Sugiyama H, Okuyama A. WT1 gene expression in human testicular germ-
cell tumors. Mol Urol 1999; 3: 357–63.

30. Inoue K, Tamaki H, Ogawa H, Oka Y, Soma T, Tatekawa T, Oji Y, Tsuboi A,
Kim EH, Kawakami M, Akiyama T, Kishimoto T, Sugiyama H. Wilms’ tu-
mor gene (WT1) competes with differentiation-inducing signal in hemato-
poietic progenitor cells. Blood 1998; 91: 2969–76.

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

32. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell
1990; 61: 759–67.

33. Tamaki H, Ogawa H, Ohyashiki K, Ohyashiki JH, Iwama H, Inoue K, Soma
T, Oka Y, Tatekawa T, Oji Y, Tsuboi A, Kim EH, Kawakami M, Fuchigami
K, Tomonaga M, Toyama K, Aozasa K, Kishimoto T, Sugiyama H. The
Wilms’ tumor gene WT1 is a good marker for diagnosis of disease progres-
sion of myelodysplastic syndromes. Leukemia 1999; 13: 393–9.

34. Oka Y, Udaka K, Tsuboi A, Elisseeva OA, Ogawa H, Aozasa K, Kishimoto
T, Sugiyama H. Cancer immunotherapy targeting Wilms’ tumor gene WT1
product. J Immunol 2000; 164: 1873–80.

35. Gao L, Bellantuono I, Elsasser A, Marley SB, Gordon MY, Goldman JM,
Stauss HJ. Selective elimination of leukemic CD34(+) progenitor cells by
cytotoxic T lymphocytes specific for WT1. Blood 2000; 95: 2198–203.

36. Sugiyama H. Cancer immunotherapy targeting WT1 protein. Int J Hematol
2002; 76: 127–32.

37. Oka Y, Tsuboi A, Elisseeva OA, Udaka K, Sugiyama H. WT1 as a novel tar-
get antigen for cancer immunotherapy. Curr Cancer Drug Targets 2002; 2:
45–54.

38. Oka Y, Elisseeva OA, Tsuboi A, Ogawa H, Tamaki H, Li H, Oji Y, Kim EH,
Soma T, Asada M, Ueda K, Maruya E, Saji H, Kishimoto T, Udaka K,
Sugiyama H. Human cytotoxic T-lymphocyte responses specific for peptides
of the wild-type Wilms’ tumor gene (WT1) product. Immunogenetics 2000;
51: 99–107.

39. Ohminami H, Yasukawa M, Fujita S. HLA class I-restricted lysis of leuke-
mia cells by a CD8(+) cytotoxic T-lymphocyte clone specific for WT1 pep-
tide. Blood 2000; 95: 286–93.

40. Makita M, Hiraki A, Azuma T, Tsuboi A, Oka Y, Sugiyama H, Fujita S,
Tanimoto M, Harada M, Yasukawa M. Antilung cancer effect of WT1-spe-
cific cytotoxic T lymphocytes. Clin Cancer Res 2002; 8: 2626–31.
Oji et al. Cancer Sci | August 2003 | vol. 94 | no. 8 | 717


	Overexpression of the Wilms’ tumor gene WT1 in colorectal adenocarcinoma
	�Yusuke �Oji,1 �Hirofumi �Yamamoto,2 �Masaya �Nomura,3 �Yoko �Nakano,1 �Ai �Ikeba,1 �Shin-ichi �N...
	1Department of Functional Diagnostic Science, Osaka University Graduate School of Medicine, 1-7 Y...
	Materials and Methods
	Results
	Discussion




