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TABLE 4. Primer Sequence, Genomic Position, PCR Condition, and Product Size®

Genomic Annealing Product
Primer name Primer sequence position temp. (°C) size (bp)
MEOX2-MF1® TTTATATGTAAAGGAGATTGGTCGT +105°¢ 60 259
MEOX2-MR| TAAAAAAACGAATACAAACCTTACG
MEOX2-UF 14 TTTATATGTAAAGGAGATTGGTTGT +105 60 260
MEOX2-URI AAAAAAACAAATACAAACCTTACACC
MEOX2-MF2 GATATTGATAAGTTACGTTTTTTCGA —270 60 225
MEOX2-MR2 CACTTCCTATCTCCTACTAAACGA
MEOX2-UF2 ATATTGATAAGTTATGTTTITTTTGA -270 54 228
MEOX2-UR| ATTCCACTTCCTATCTCCTACTAAACA
MEOX2-MF3 TTATTTTCGTAATTTTAGATTTGGC —609 ’ 56 270
MEOX2-MR3 ACTTTCCTCTCGAAAAAACGTA
MEOX2-UF3 ATTTTTGTAATTTTAGATTTGGTGT —609 56 271
MEOX2-UR3 CTCACTTTCCTCTCAAAAAAACATA

2Primers for methylation-specific PCR for 3 CpG Islands of MEOX2.
5MFI and MR!, primers for the methylated templates.

°+105, the nucleotide number from the transcriptional start site.
dUF1 and URI, primers for the unmethylated templates.

Temecula, CA) and normal lymphocyte DNA
were used as controls for methylated and unme-
thylated templates, respectively. PCR products
were run on 2% agarose gels and visualized after
staining with ethidium bromide.

Statistical Analysis

Differences in the incidences of various clinical
and biological aspects of disease were examined
between tumors with and without 7p alterations
by Student’s 7 test and the % test using the 2 x
2 or 2 x 3 table. Differences in the expression of
MEOX?2 (0, 14, and 2-+) between tumors with
and without 7p alterations, and berween tumors
with or without methylated #EOX2 CpG islands
were examined with Mann-Whitney’s U test.
Likewise, differences in the expression of
SOSTDCI between 5 tumors with 7p alterations
or SOSTDC! mutation and 17 tumors with no 7p
alterations or SOSTDC! mutation were examined
with Mann-Whitney’s U test. All statistical analy-
ses were performed using Statcel 2 software
(OMS Publishing, Tokorozawa, Japan).

RESULTS

Genome-Copy Number Analysis Using SNP Arrays

A SNP array-based analysis was performed in
100 WT's and three established cell lines derived
from WTs. Of 100 tumors, 89 showed chromo-
somal gains or losses, and 11 showed no chromo-
somal aberrations (Fig. 2). The 11p was the most
common region for losses; 24 tumors showed a
loss of 11p13-p13 where WT7 resides, and 7 had

a loss of 11p15.5 where multiple imprinted genes,
including IGF2, reside. Other chromosomal
regions frequently deleted were found in 11q (13
tumors), 1p (9 tumors), 7p (8 tumors), and 16q (7
tumors) (Table 5). A homozygous deletion was
found at 11pi3-pl13 in two tumors, at 7p2l.3-
p21.1 in one, and at 11g22.3-qter in one, UPD
regions were identified at 11p in 32 tumors, at
11qg and 18q each in five, at 3p in four, and at ip
and 7p each in three (Table 5). Of three tumors
with 7p UPD, one had UPD, including 7pZ2l.
Thus, 7p21 is one of the regions for recurrent
genomic alterations where tumor suppressor
genes may reside. Three WT cell lines showed
no 7p alterations. The detailed characteristics of
7p alterations in nine tumors and their clinical
characteristics are summarized in Figure 2 and
Table 6.

Genomic changes were examined with SNP
arrays using self-controls in 21 tumors, and non-
self controls consisting of four to eight peripheral
blood samples from healthy individuals in 79
tumors. We excluded common copy number
polymorphisms from the genomic gains and losses
found in the present series of WTs by checking a
genomic  variation database  (http://projects.
tcag.cafvariation/), however, the possibility that
some UPD regions and genomic gains and losses
were of germline origin could not be ruled out.

Homozygous Deletion at 7p21.3-p21.1 Validated
by Quantitative Real-Time PCR

The SNP array revealed one tumor (No. 1)
with a HD at 7p21.3-p21.1 (4.3 Mb) where at
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Figure 2. Summary of chromosomal alterations in Wilms tumors detected with the SNP array. Hemi-
zygous {dark blue) and homozygous (light blue) losses and UPD (green) are shown on the left, and gains
(red) are shown on the right. Dotted lines indicate normal chromosome copies.

least 13 protein-coding genes are located (Figs.
3A and 3B). A self-control was not available for
this tumor. The tumor had one Chromosome 7
missing all of 7p and one with a large deletion of
4.3 Mb at 7p21. Another tumor (No. 100) derived
from the identical twin showed normal Chromo-
some 7 homologues. Such a large deletion, which
rarely occurs as a germinal mutation, and the ab-
sence of alterations in 7p in the tumor from the
identical twin indicate that the deletion is not a
germline copy number polymorphism, but of so-
matic origin. The result was validated by quanti-
tative real-time PCR (Fig. 3C). PCR products of
ARL4A and TSPANI3 were approximately half
the quantity of those of control DNA, indicating
a hemizygous deletion of the two loci, and those
of ETVI, DGKB, MEOXZ2, and SOSTDCI! were
between 0.25 and 0.42, indicating a homozygous
deletion. The presence of PCR products in the
HD region indicates that normal cells contami-
nated the tumor tissue. Thus, we identified the
homozygously deleted region of 4.3 Mb between
the centromere side of ARL4A and the telomere
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side of BZWZ where 10 genes reside (Fig. 3B).
Sossey-Alaoui et al., (2003) reported a HD of 4.2
Mb at 7p21-p15 in a WT. This region partially
overlapped with the present HD region. Conse-
quently, the HD region was narrowed down to
2.1 Mb where eight genes are located (Fig. 3B).

Expression Analysis of 10 Genes Located Within
or Near the HD Region in Three Cell Lines and
Fetal and Normal Kidney Tissues

To select candidate tumor suppressor genes,
we evaluated the expression status of 10 genes
located within or near the HD region in three
cell lines and fetal and normal kidney tissues.
Both fetal and normal kidney tissues showed
the expression of eight genes, but not the
expression of two genes (LOCI00131022 and
LOC100129335), which were excluded as candi-
date tumor suppressor genes (Fig. 4). Of the
eight genes, ETVI, LOC729920, and ANKMY?2
were expressed in all three cell lines, DGKB,
TMEMI195, LOC100129771, and SOSTDC! were
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TABLE 5. Numbers and Common Regions of Each Chromosomal Arm Affected by Deletion
and Uniparental Disomy in 100 Wilms Tumors

Deletion Uniparental disomy
Chromosome Common
region Whole Partial Total region Whole Partial Total Common region
Ilp 5 22 27 11pl3-pi3 (24/27%) 22 10 32 I lpter-pl 5.4 (30/32)
1pter-pi5.4 (7127) Hpl3-pi3 (24/32)
iiq 6 7 13 11q23.3-q24.1 (13/13) 5 0 5 Wholepand qarms  (5/5)
Ip 2 7 9  Ipter-p36.21 ©/9) 2 | 3 ip31f.1-p3t.1 (2/2)
7p 7 | 8  T7pterpl3 (8/8) 0 3 3 7pi3-pl2.l (3/3)
l6q 4 3 7 16q2i-qter (7/7) 2 0 2 Wholepand qarms  (2/2)
16q12.2-q12.2 (617)
6q 0 5 5 6qi6.3-q2] (4/5) | | 2 6ql6.3-qter (2/2)
6q25.3-q25.3 (2/5)
17p 5 | 6 17pl3.i-pl2 (6/6) 0 0 0 - -
2iq 0 5 5  2lq22.2-qter (5/5) 0 0 0 - -
l4q 0 5 5  14923.2-g32.2 (4/5) i | 2 14ql {-gter (212)
i18p 4 ] 5 18pl1.31-pi0 (5/5) 2 0 2  Wholepand garms  (2/2)
9q i 3 4 9q2l-q2i (4/4) 1 0 | - -
i0p 2 3 5 10pi2.31-pi2.31  (5/5) 0 0 0 - -
18q 2 2 4 18q21.2-q212 (4/4) 2 2 4 18g22.1-q22.1 (4/4)
3q 2 | 3 3ql0-q22.1 (3/3) 2 0 2  Wholepand garms  (2/2)
9 | 2 3 9p2i.3-p2l.1 (2/3) I | 2 9p21.1-pl3.3 (2/2)
9p23-p23 (2/13)
4p 3 ] 4 dpter-plé.| (4/4) 0 0 0 - -
3p ! I 2 3pl2.3-pi0 (212) 2 3 5 3pter-p21.32 (5/5)
4q 2 I 3 4428.3-q283 (3/3) 0 2 2 4q31.22-q31.24 (212)
2p 0 3 3 2p253 (2/3) | i 2 2pl2-pll 212)
7q | 2 3 7q2i.d-q2ld (2/3) 0 2 2 Not overlapped -
7q35-q35 @3)
13q 0 3 3 13q2i.32-qgter (2/3) | 0 | -
Sp | 1 2 Spter-pl3.| (2/2) 0 | | - -
16p 0 2 2 16pi3.2-pi32 (2/2) | 0 | - -
22(q) . [ ! 3 22qt1.21-gi2l (2n) 0 0 0 - -

*Twenty-four of 27 tumors had 1{pl3-pl3 deletion in common.

TABLE 6. Clinical, Genetic, and Epigenetic Status of 9 Tumors with 7p Alterations

Alterations of other chromosomes
Tumor Present Occurrence Status of WTI IGF2

no? Age Sex Stage status  of relapse chromosome 7 Gain Loss UpPD status  status

Homozygous deletion at 7p21

| ly8m F | NED No d7p (7p21.3- 9q No Ip Abnormal  UPD
p21.1HD), e7q
Hemizygous deletion of whole or partial 7p
2 0y9m F 2 NED No d7 No No Hp Abnormal  UPD
3 Oy9m F 2 NED Yes d7p 6ql3-gter No Hp, Abnormal UPD
12qi4-ql4
4 ly2m ™ 5 NED No d7p, e7q No No 3p, llp  Abnormal UPD
5 4y2m F 3 NED No d7p, e7q No No 2q, tip Normal  UPD
6 4yém F 4 NED Yes d7p, e7q iq No No Normal  LOI
7 2y2m M 2 DOU No d7p, e7q, {3q3l.1-gter No No Normal  LOI
UPD7q31.32-q32.1
8 7y2m M | NED No d7pter-p13, e7q, lq, 8, 12, 3, 10pi2-pl2, 18q Normal  LOIl
UPD7p13-pl0
Uniparental disomy (UPD) of partial 7p
9 lylm F 2 NED No e7pl2.l-qter, 6,8, 12 No lip, I1q, 16 Normal UPD
UPD7pter-pl2.!

M, male; E female; NED, No evidence of disease; DOU, died of unrelated disease; d, diminished; e, enhanced; HD, homozygous deletion UPD,
uniparental disomy; LOI, loss of imprinting,
*Tumors 1, 2, 3 and 4 were reported as tumors 36, 25, 27 and 2, respectively, in the paper by Haruta et al. (2008).
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Figure 3. A homozygous deletion (HD) region of 4.3 Mb at 7p2l
found in a Wilms tumor (No. 1). (A) A SNP array profile of
Chromosome 7 showing a hemizygous deletion of the entire 7p, a
homozygous deletion (HD) limited to 7p21.3-p2l.l and a gain of
all of 7q. (B) HD regions identified in the present and previous
studies (Sossey-Alaoui et al, 2003). There are [0 genes in the
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Figure 4. Results of RT-PCR of 10 genes in three Wilms tumor cell
lines (WiT49, CCG99-11 and HFWT), and fetal and normal kidney tis-
sues. FK, fetal kidney tissues; NK8y, normal kidney tissue of an 8-year-
old child. Control cDNA was obtained from various tumor cell lines
expressing the respective genes. Control genomic DNA was obtained
from lymphocyte DNA of a healthy individual, and showed that proper
primers and PCR conditions were used to detect PCR products.

expressed in one or two cell lines, and MEOX2
was not expressed in the three cell lines. A
previous analysis of DGKB failed to detect
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HD region of 43 Mb in the present tumor, and 8 genes in a
region of 2.1 Mb overlapping between the two tumors. (C)
Validation of the HD region in a tumor (No. |) by quantitative
real-time PCR. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]

disease-causing mutations (Sossey-Alaoui et al.,
2003). The lack of MEOXZ2 expression in the
three cell lines with normal Chromosome 7 homo-
logues suggests this gene to be a tumor suppres-
sor gene inactivated by methylation of the
promoter. In addition, previous papers reported
that both MEOXZ2 and SOSTDCI are implicated
in tumorigenesis (Patel et al.,, 2005; Blish et al,
2008). Thus, we selected these two genes for
further analysis.

Deletion and Mutation Analysis of the MEOX2
and SOSTDCI Genes

A quantitative real-time PCR analysis of
genomic DNA was performed in 88 tumors using
primer sets for MEOX2 and SOSTDCI, and
confirmed hemizygous deletion of the two genes
in seven tumors with 7p alterations that had been
detected with the SNP array, and normal copies
of the two genes in 81 tumors with no 7p altera-
tions. These findings indicate that no tumors
have a subtle deletion at 7p21 undetectable with
the SNP array.
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Figure 5. Results of sequence analysis of SOSTDC/ in tumor sam-
ples, corresponding normal tissue samples and a control sample from
a healthy individual, and the amino acid sequence of SOSTDCI. (A)
A heterozygous (No. 30) or homozygous (Nos. 19 and 77) G to T
tranversion in Exon | found in three tumors. The mutation causes
the substitution of leucine with phenylalanine (L50F). (B) A heterozy-
gous A to T transversion in Exon 2 found in 2 tumor (No. 37). The

Coding exons of MEOX2 and SOSTDCI were
directly sequenced in 94 and 95 tumors, respec-
tively, and three cell lines to detect possible
mutations of the two genes. The SNP array-
based analysis of the 94 tumors showed that 86
had a biallelic MEQXZ, and 8 had a monoallelic
MEOX2 because of 7p deletion or UPD. MEOX2
has a string of polymorphic histidine repeats in
Exon 1 reported in the National Center for Bio-
technology Information (INCBI) database. Allelic
frequencies of 12 and 13 repeats were 87.2 and
12.8%, respectively. All eight tumors with a hem-
izygous 7p deletion or 7p UPD had the 12
repeats allele; normal counterpart tissue of one
tumor (No. 2) showed homozygous 12 repeats al-
leles, suggesting no correlation of the 13 histidine
repeats allele with the development of WT with
7p alterations. T'wo cell lines had homozygous 12
repeats alleles, and one (WiT49) had heterozy-
gous 12 and 13 repeats alleles. No nucleotide

mutation causes the substitution of arginine with leucine (Q!29L).
(C} Amino acid sequences of SOSTDCI proteins of zebrafish, Xeno-
pus, chick, mouse, human, and Wilms tumor samples. Shaded letters
indicate identical amino acids among species, and bold letters indicate
amino acids, in which substitutions are predicted in four tumors iden-
tified in the present study. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.}

changes were found in any exons of MEOXZ in
the 94 tumors or three cell lines.

We found two novel missense mutations in
SOSTDCI in four tumors with no 7p alterations
(Fig. 5A). A G wo T transversion (150G>T) in
Exon 1, resulting in an amino acid substitution
from leucine to phenylalanine (L50F), was found
in three tumors; the substitution was heterozy-
gous in one (No. 30), and homozygous in two
(Nos. 19 and 77). The same change was found in
peripheral blood (No. 30) and normal kidney
tissue (No. 19) of the same patients, indicating
that the transversion was of germline origin. In-
addition, an A to T transversion (386A>T) in
Exon 2, resulting in an amino acid substitution
from arginine to leucine (Q129L), was found in
one tumor (No. 37) (Fig. 5B); the change was
heterozygous, and both alleles were of the same
height suggesting a germline origin, although no
normal tissue was available to confirm the origin

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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TABLE 7. The Expression Status of MEOX2 and SOSTDC/ and Clinical, Epigenetic, and Other Genetic Characteristics in
22 Wilms Tumors

CpG istands®
Tumors?® and Histidine MEOX2 SOSTDC/
cell lines repeats® expression +105 —270 —609 expression WT! status
Tumors with 7p alterations (n = 4)
| " ND 0 ND ND ND 0 Abnormal
4 2 |+ M M U 24 Abnormal
5 12 {4 U u U 0 Normal
6 12 14 U U U 0 Normal
Tumors with no 7p alterations (n = |8)
i0 12/13 2+ U U U I+ Abnormal
i i2 2+ U M M 0 Abnormal
12 12 2+ U U U 1+ Abnormal
i3 12/13 2+ U U U 2+ Abnormal
14 12/13 2+ u U U 2+ Abnormal
|5 12 2+ ND ND ND 24 Abnormal
6 12 2+ U M M 1+ Abnormal
17 12/13 2+ U U U 0 Abnormal
8 12 2+ U U U I+ Abnormal
19¢ 12 . 0 ND ND u 0 Normal
20 12 2+ U U M 0 Normal
21 12 -0 M U U 2 Normal
22 12 2+ ND ND ND 2 Normal
23 12 2+ ] M U 14 Normal
24 12 [ U U U 2+ Normal
25 12 2+ U U U 1+ Normal
26 12/13 2+ U U U I+ Normal
27 12 0 U U U 2 Normal
Cell lines (n = 3)
WiT49 12/13 0 M M M 2 Normal
CCG99-11 12 0 8] U U 2 Normal
HFWT 2 0 M M M t+ Normal

*Tumors 10, 11, 12, 13, 4, 15, 16, 17 and 18 were reported as tumors 9, 23, 6, 5, 24, |5, 34, 33 and 4, respectively, in the paper by Haruta et al.

(2008).
®Polymorphic histidine repeat numbers.
“The location of three CpG islands is shown in Figure |.

“Tumor 19 had SOSTDC/! mutation. ND, not done; M, methylated; U, unmethylated.

of the change. Neither nucleotide change has
been reported as a SNP in the NCBI database.
No nucleotide changes were found in any
exons of SOSTDC! in the other 91 tumors or
three cell lines.

RT-PCR Analysis of MEOX2 and SOSTDCI

A RT-PCR analysis of MEOX2 and SOSTDC!
was performed in 22 tumor samples and fetal kid-
ney tissues, and the results are shown in Table 7
and Figure 6. The expression levels of MEOXZ
were classified as 0 in 4 tumors, as 14+ in 4
tumors and as 2+ in 14 tumors, and the three cell
lines showed no expression (Table 7 and Figs. 4
and 6). Four tumors with 7p alterations had lower
levels of MEQOXZ2 than 18 tumors with no 7p
alterations (P = 0.017). Of 18 tumors with no 7p
alterations, 13 had homozygous 12 histidine
repeats alleles, and 5 had heterozygous 12 and 13

Genes, Chromosomes & Cancer DOI 10.1002/gcc

histidine repeats alleles; there was no difference
in the expression of MEOXZ bertween the two
groups of tumors (P = 0.08). Likewise, of 18
tumors with no 7p alterations, 9 had WI7 abnor-
mality and 9 had no W77 abnormality; the tumors
with WT7 abnormality had higher MEOXZ expres-
sion levels than the tumors with no W77 abnor-
mality (P = 0.028). SOSTDCI expression was
examined in only one (No. 19) of four tumors
with SOSTDC! mutation, and this tumor showed
no expression. Five tumors with 7p alterations or
SOSTDC! mutation tended to have lower
SOSTDCI levels than 17 tumors with- no 7p
alterations or SOSTDCI mutation (P = 0.056).

Methylation Status of MEOX2 and its Correlation
with the Expression Levels of MEOX2

Because MEOXZ expression was reduced in tu-
mor samples with 7p alterations and the three
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Figure 6. Results of RT-PCR analysis of MEQX2 and SOSTDC/ in Wilms tumor samples with or with-
out 7p alterations and fetal kidney tissues. GAPDH was included as a control for integrity and quantity
(lower panel). The expression levels of MEOX2 and SOSTDCI are also shown in Table 7.

cell lines, we examined the methylation status of
three CpG islands upstream of or within MEOX2
Exon 1 by MSP to determine whether methyla-
tion is inversely correlated with the expression,
Of 22 tumors in which MEOX? expression was
examined, DNA for a MSP analysis was available
for 18 tumors. DNA and RNA were available for
all three cell lines. Four tumor and cell line sam-
ples with the methylated CpG island +105
showed lower MEQOXZ levels than 17 tumors with
the unmethylated CpG island +105 (P = 0.006)
(Table 7). If we exclude the three cell lines,
2 tumors with the methylated CpG island +105
showed lower MEOXZ expression levels than
16 tumors with the unmethylated CpG island
+105 (P = 0.04). There was no difference in the
incidence of the methylated CpG island +105
between 3 tumors with 7p alterations and
1S tumors with no 7p alterations (P = 0.18).
There was no significant difference between the
methylation status of CpG islands —270 or —609
and the expression levels of MEOXZ,

Clinical, Genetic, and Epigenetic Characteristics of
Wilms Tumors with or Without 7p2! Alterations

There were no significant differences in clini-
cal characteristics, including age, the ratio of boys
to girls, stage distribution, and outcome between
9 patients with 7p21 alterations and 88 patients
with no 7p21 alterations (Table 8). In addition,
there were no significant differences in the inci-
dences of WTI abnormality, CTNNBI mutation
and SOSTDC! mutation between the two groups
of tumors. In contrast, UPD in the /GFZ region

tended to be more frequent in tumors with 7p21
alterations than in tumors with no alterations (P
= 0.056), and there was a difference in the status
of IGF2 [uniparental disomy (UPD), loss of
imprinting (LOI), and retention of imprinting
(ROY)] between 9 tumors with 7p alterations and
91 tumors with no 7p alterations (P = 0.028) (Ta-
ble 8). One tumor (No. 1) from identical twins
with W77 mutation had 7p deletion, and the
other (No. 100) with the same W77 mutation had
no 7p alteration.

DISCUSSION

The present SNP array-based analysis demon-
strated 7p alterations, including a hemizygous
loss, a homozygous loss, or UPD, in 9 of 100
WTs. A homozygous deletion found in one tumor
was located in the 7p21.3-p21.1 region of 4.3 Mb
where 10 protein-coding genes reside. This
region partially overlaps with another HD region
of 4.2 Mb in a previously reported WT (Sossey-
Alaoui et al., 2003). Consequently, the region was
narrowed down to a stretch of 2.1 Mb, where
eight protein-coding genes reside (Fig. 3B).
Based on the expression of the 10 genes in three
WT cell lines and previous reports implicating
MEOX? and SOSTDCI in tumorigenesis, we
selected these 2 genes for further analysis.

Mutation analysis of MEOXZ showed histidine
repeat polymorphisms (12 and 13 histidine
repeats), but no correlation between the 12 or 13
repeat alleles and the expression of MEOXZ or 7p
alterations. Tumors with 7p alterations showed
lower levels of MEOXZ than tumors with no 7p

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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TABLE 8. Clinical and Genetic Characteristics in Wilms Tumors with and Without 7p Alterations

7p alterations No 7p alterations P value
Total number of patients (n = 97) 9 (9.3%) 88 (90.7%)
Age at diagnosis (month; mean & SD) 325+ 258 333 £ 317 0.94
Sex Male 3 (33.3%) 37 (42.0%) 044
Female 6 (66.7%) 51 (58.0%)
Stage (h = 90)
1 2 (22.2%) 29 (35.8%) 048
Il 4 (44.5%) 18 (22.2%)
i b (11.1%) 22 (27.2%)
v 1 (11.1%) 8 (9.9%)
\ 1 (11.1%) 4 (4.9%)
Occurrence of relapse (n = 83) Relapsed 2 (22.2%) 12 (16.2%) 082
Not relapsed 7 (77.8%) 62 (83.8%)
Outcome (n = 94) Died 1 (111%) 13 (15.3%) 0.59
Alive 8 (88.9%) 72 (84.7%)
Total number of tumors (n = 100) 9 (9.0%) 91 (91.0%)
Status of WTI (11p13) (n = 100) Abnormal 4 (44.4%) 29 (31.9%) 0.46
Normal 5 (55.6%) 62 (68.1%)
Status of CTNNB/ (3pi4) (n = 81) Mutated 2 (22.2%) 20 (27.0%) 0.70
Not mutated 7 (77.8%) 52 (73.0%)
Status of SOSTDC/! (7p21) (n = 95) Mutated 0 (0%) 4 (4.7%) 0.67
Not mutated 9 (100%) 82 (95.3%)
UPD of IGF2 (11p15.5) (n = 100) UPD 6 (66.7%) 27 (29.7%) 0.056
No UPD 3 (33.3%) 64 (70.3%)
Status of IGF2 (11p15.5) (n = 100) uprD 6 (66.7%) 27 (29.7%) 0.028
LOI 3 (33.3%) 27 (29.7%)
ROI 0 (0%) 37 (40.6%)

UPD, uniparental disomy; LOI, loss of imprinting; RO, retention of imprinting.

alterations. In addition, tumors with methylated
CpG islands +105 showed lower expression lev-
els of MEQOXZ2 than tumors with unmethylated
CpG islands +105, suggesting that the methyla-
tion of Exon 1 contributes to downregulation of
the gene. A recent study also showed that
MEQXZ was aberrantly methylated in lung can-
cer, with an inverse correlation between the
methylation of its 5-UTR and the gene expres-
sion, suggesting that the gene may be downregu-
lated by DNA methylation (Cortese et al., 2008).
MEQOX2, a key regulator of vascular-cell func-
tion, is expressed in quiescent cells and also
known as the growth arrest-specific homeobox
(Gax) gene (Gorski et al.,, 1993). MEOXZ nega-
tively regulates the cell cycle in vascular smooth
muscle cells by directly upregulating the tran-
scription of CDKNTA, leading to reduced cyclin-
dependent kinase 2 activity and cell cycle arrest
(Smith et al., 1997), and also induced apoptosis in
CDKNIA-null proliferating cells via another path-
way (Perlman et al, 1998). MEOXZ2 expression
resulted in decreased expression of genes impli-
cated in endothelial cell activation and angiogen-
esis. Furthermore, MEOXZ downregulated
numerous nuclear factor-kappa B (INF-xB) target
genes and decreased the binding of NF-xB to its

Genes, Chromosomes & Cancer DOI 10.1002/gcc

target sequence in electrophoretic mobility shift
assays (Patel et al., 2005). These findings suggest
that loss of MEOX2 may promote angiogenesis in
tumor tissues. In a study of expression profiles in
WTs, Li et al,, (2004) found overexpression of
MEOX2 in WT/-mutant tumors but not in WT7
wild-type tumors. The present study confirmed
their findings in WT's with no 7p alterations, and
found that MEOX2 overexpression is not relevant
to the W77-mutant tumors with 7p alterations.
Sequence analysis of SOSTDC! showed two
missense mutations in four tumors, and one of
the two was proved to be of germinal origin.
Both changes resulted in an amino acid substitu-
tion of LL50F and Q129L, and the replaced amino
acids were highly conserved among five species
(Fig. 5C). Tumors with 7p alterations or
SOSTDC! mutation tended to show lower
SOSTDC1 expression levels than tumors with nei-
ther 7p alteratons nor SOSTDCI mutation.
SOSTDC1, consisting of 206 amino acids, encodes -
a bone morphogenetic protein (BMP) antagonist,
and plays important roles in tooth, hair, and neu-
ral formation as a modulator of the Wnt signaling
pathway by binding to LDP6 (Itasaki et al., 2003;
Laurikkala et al., 2003; Kassai et al., 2005; Yana-
gita et al, 2006). Recently, Blish et al, (2008)
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demonstrated that while normal kidney tissues
highly expressed SOSTDCI protein, clear cell re-
nal carcinoma tissues showed a reduced expres-
sion, and SOSTDC1 could also negatvely
regulate the Wnt signaling pathway, exerting an
antiproliferative effect on clear cell renal carci-
noma cells. CTNNB1 (B-catenin) and WTX form
the APC complex, and abnormalities of
CTNNB1 or WTX accelerate the Wnt signaling
pathway in WT (Major et al., 2007). Although the
precise roles of SOSTDCG! in the embryonic de-
velopment of the kidney are unknown, the lack
of SOSTDCI may cause strong activation of the
Wnt pathway and the two missense mutations
found in four tumors may have a role in the
downregulation of SOSTDCI expression.

The present study found no difference in clini-
cal characteristics between tumors with and with-
out 7p alterations. Powlesland et al., (2000) found
no particular clinical phenotype to be associated
with 7p LOH either. Eight of nine tumors with
7p alterations in the present study had a hemizy-
gous loss or UPD in almost the entire short arm
of Chromosome 7, and previous studies identified
two candidate tumor suppressor genes, POUGF2
and PTH-BI, at 7p14.1 and 7pl4.3, respectively,
that were located about 15 Mb from the MEOX?Z
and SOSTDC! loci (Vernon et al., 2003; Perotu
et al., 2004; Renzo et al, 2006). These findings
suggest the presence of more than one tumor
suppressor gene in 7p, and the abnormality of
each gene may have resulted in heterogeneous
clinical characteristics in tumors with 7p
alterations.

In contrast, all nine tumors with 7p alterations
in the present study showed either UPD or LOI
of IGF2, and the incidence of UPD or UPD plus
LOI was higher in tumors with 7p alterations
than in tumors with no 7p alterations. A similar
association between 7p LOH and IGFZ altera-
tions or WT7 abnormality in WTs was reported
by other investigators (Yuan et al.,, 2005; Vuonon-
virta et al., 2008). Furthermore, W77 mutation or
LOI of IGF2 but not 7p alteration was shared in
bilateral tumors occurring in the same patients in
previous series (Powlesland et al, 2000; Yuan
et al., 2005). Likewise, one WT occurring in
identical twins in the present study had both
WT! mutation and 7p loss, but another tumor in
the other twin had W77 abnormality but no 7p
alterations. These findings suggest that the 7p
gene abnormality occurred after the W17 or IGF2
abnormality. Losses of MEOX2 and SOSTDCI
are thought to accelerate angiogenesis and aug-

ment signals in the Wnt pathway, respectively.
We and other investigators previously reported
that a CTNNBI mutation that affects the Wnt sig-
naling pathway is a later event than a W77 abnor-
mality (Fukuzawa et al., 2007; Haruta et al,,
2008). Taken together, 7p genes are thought to
have a role in the progression but not the initia-
tion of Wilms tumorigenesis, and we propose that
MEQOX2 and SOSTDC! are prime candidates for
7p tumor suppressor genes, and single or com-
bined abnormalities of the two genes may cause
WT to progress.
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