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ABSTRACT

We applied a subtractive hybridization approach to isolate genes dif
ferentially expressed between mature kidney and Wilms' tumor. We con

structed a complementary DNA library from a total mature kidney com
plementary DNA subtracted by an excess of mRNA from a Wilms' tumor,

WAGR4, with a germline deletion of Hpl3 and a somatic loss of alÃelesat
Ilpl5. Six clones presenting a differential pattern of expression, positive
with mRNA from the mature kidney and negative with mRNA from the
Wilms' tumor WAGR4, were characterized. Among these clones were two

as yet unknown expressed sequences (D11S877E and D15S109E) and four
sequences from known genes: renal dipeptidase (DPEP1), aB-crystallin

(CRYA2), uromodulin il MOIÂ», and plasma glutathione peroxidase
(GPX2). The different patterns of expression of these genes in 11 Wilms'

tumors, whether or not they are hereditary, reflect the well-documented
pathogenetic heterogeneity for Wilms' tumors. We propose that these

clones could be helpful for an improved histolÃ³gica! characterization of
Wilms' tumors.

INTRODUCTION

WT5 is an embryonal renal malignancy with complex genetic and

pathological features. The tumor arises from metanephric blastema
cells that would normally differentiate into components of the neph-

ron. Typically, three types of structures are seen in various proportions
in each tumor: undifferentiated blastema, epithelial structures (tubules
and glomerules), and nonnephrogenic mesenchyme (stromal cells and
muscle) (1).

Most Wilms' tumor cases are sporadic and unilateral, with no

associated abnormalities. Familial and bilateral tumors represent
1-2% and 7% of cases, respectively. Predisposition to Wilms" tumor

is also associated with several rare malformation syndromes which
point to molecular predisposing germline defects.

The complex syndrome WAGR is associated with a constitutional
deletion of region Ilpl3. TheWTI gene in 1Ipl3 has been cloned (2.
3). This gene encodes a zinc finger polypeptide which binds to the
same DNA sequences as EGR-1 (early growth response 1) and has a

transcriptional repression function (4). WTI is expressed in a limited
set of tissues, including developing nephrons and gonads, and in most
Wilms' tumors, except those with a homozygous deletion of Ilpl3

(5). Germline mutations in WTI have also been described in patients
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presenting with Drash syndrome (mesangial sclerosis, male
pseudohermaphrodism. and WT) (6).

WBS predisposes to different embryonic tumors: Wilms' tumor,

adrenocortical carcinoma, rhabdomyosarcoma, and hepatoblastoma,
hence the acronym WT2 for this second locus (7). Constitutional
duplication of 1Ipl5.5 has been described in a few WBS patients. The
involvement of a gene or genes in I Ipl5.5 has also been demonstrated
by linkage studies in families with WBS (8, 9) and by evidence of
paternal disomy of 11pi5.5 in sporadic cases (10, 11).

A third locus. WT3, involved in rare familial forms, is not linked to
either Ilpl3 or Ilpl5 and is as yet unmapped (12-14).

As expected from Knudson's two-hit model (15), homozygous de

letions of the region Ilpl3 have been observed in a few sporadic-

tumors. However, the two different I Ip WT loci (WTI and WT2) may
also be involved sequentially in the same tumor ( 16, 17). By analysis
of Wilms' tumor material, loss of material from specific regions of

chromosomes 1 and I6q was also revealed (18-22), which indicates

that other genes could be involved through their inactivation during
Wilms' tumor development. Although one of these genes could be

WT3. I6q markers were shown to be unlinked to familial predispo
sition in five families (23).

Subtractive hybridization has proved to be an efficient method for
isolation of cDNA clones encoding transcripts with differential ex
pression between two tissues (24-28). In order to isolate kidney
cDNAs possibly involved in Wilms' tumorigenesis through the ab

sence of their expression, we cloned a cDNA population enriched in
sequences transcribed in mature kidney and absent in a genetically
well characterized Wilms' tumor. Absence of transcription can result

from either mutation or deletion in the gene itself (tumor suppressor
gene) or from a negative regulation of expression (28, 29). We used
tumor WAGR4 developed by a patient presenting with constitutional
deletion of I Ipl3 and in which we had demonstrated loss of alÃelesof
1Ipl5 markers ( 17). Six different clones selected for their differential
hybridization pattern, including two new expressed sequences, were
characterized. Possible correlations between the level of expression of
these genes and either the etiological origin of a series of Wilms'

tumors or the loss of lip alÃeleswere investigated.

MATERIALS AND METHODS

Normal and Tumoral Tissues. Mature kidney was obtained from extended
nephrectomy. Fetal kidney samples from fetuses between 27 and 31 weeks
were obtained following therapeutic abortion and in compliance with French
ethical legislation. Wilms' tumor samples were obtained from several patients

with sporadic tumors (SPO1. SPO2, SPO4. SPO6, SPO7, SPO8) or bilateral
tumors (BILI. BIL2I and from patients with WAGR syndrome (WAGR4) or
Wiedemann-Beckwith syndrome (BW11P. BW18P). Molecular characteriza
tion of constitutional and somatic rearrangements is described elsewhere (17).6

Histology and stage of the tumors were obtained from the International Society
of Pediatrie Oncology. The main characteristics of the tumors are described in
Table 1. The 18 other Wilms' tumors used for DNA analysis will be described

elsewhere.6 Ral tissues were obtained from different organs: brain; heart;

skeletal muscle; stomach; liver; intestine; tongue; lung; spleen: kidney; ovary:

11. Henry el al., manuscript in preparation.
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Table 1 RNA expression in Â¡ÃŒWilms' tumors of different enologica! fonn and stage

Type
Histology'Stage''lip

LOH'

16u24.3LOHExpression*

DPEPI(T21)GPX2Ã•T2!)CRYA2

(T68)UMOD
(5.3)DIIS877EI6.2)DI5SI09E

(8.4)WTIWAGR4"

BW11PBW18PTypical

Typical Typical
Blastemal Epithelial Blastemal
(epithelial) (hlastemal)epithelial11

IIIpl5

NI+

+(
+ ) ( +)-

+ +(
+)(

+ ) ( +)(
+ ) ( +)+

+ +BILI

BIL2 SPOl''SPO4Typical

Typical Typical Typical
Triphasic Triphasic Triphasic Epithelial
mesenchymalIII'

1' I11pl3-pl5

- pl3-pl5pl3-pl5+

NI(

+)-
+-_(

+)(-)+

+ +SPO7

SPO2SPO6Typical

Typical Typical
Blastemal Blastema! Mesenchymal
(epithelial)epithelialI

11 IIpl3-pl5

+ Nl(+)

(+)(
+)(

+ ) ( + )+_
_ _(

+)(
+ ) ( +)+

+ +SPO8Anaplastic

TriphasicI-++-(

+)(
+)+

" Nomenclature of the tumors. The tumors were named as follows: WAGR4. tumor from a patient presenting with WAGR syndrome; BW1 IP and BWI8P. tumors from patients

presenting with WBS; BILI and BIL2, tumors from bilateral cases; SPOl, SPO2. SPO4. SPO6. SPO7. and SPO8. sporadic tumors.
h Patient with ambiguous genitalia.
' Type and histology. Minor components are indicated in brackets.
'' Stage. Definition according to the International Society of Pediatrie Oncology nomenclature.
'' Local stage.

' 1Ip LOH and I6q24.3 LOH. loss of heterozygosity for lip markers from region pl3 and/or pl5 and for I6q24.3 marker DPEPI. characterized by comparison of constitutional
and tumoral genotypes. + , p 13, p 15, loss of heterozygosity; -, no loss of heterozygosity; NI. noninformative.

* Expression. Northern blot analysis of the tumors with the cDNA probes. +, level of expression in the tumor similar to that in mature kidney; ( + ), level of expression in the lumor
lower than that in mature kidney; (-), residual expression; -, no expression detected. For WTI. + indicates presence of the normal transcript.

and testis. In all cases, the tissue samples were frozen in liquid nitrogen
immediately after resection. Northern blots with different human tissues in
cluding heart, brain, placenta, lung, liver, skeletal muscle, kidney, and pancreas
were purchased from Clomech Laboratories.

Somatic Cell Hybrids. A panel of 25 human/rodent hybrids carrying dif
ferent combinations of human chromosomes on a background of mouse or
Chinese hamster chromosomes has been described elsewhere (30). The
NIGMS human/rodent somatic cell hybrid panel no. 1 consists of DNA isolated
from 18 human/rodent somatic cell hybrids retaining from one to 19 human
chromosomes (Coriell Institute for Medical Science. Camden. NJ).

RNA Preparation. Frozen tissues were homogeneized with an Ultra-Tur-

rax T25 homogenizer in a solution of 5 Mguanidinium thiocyanale. The RNA
was prepared as described (31). PolyA* RNAs were purified on oligodeoxy-

thymidine cellulose.
Subtracted cDNA. cDNA was synthesized from normal mature kidney

polyA* RNA (K), as already described (24). For subtractive hybridization. 30

/xg of the WAGR4 polyA ' RNA were dissolved in 7.5 fil of hybridization

buffer ( 120 HIMsodium phosphate buffer. pH 6.8: 820 mm NaCl; 10 mm EDTA;
and 30 fig/ml of polyuridine), denatured at 95Â°C.and incubated for l h at 68Â°C

to ensure hybridization of polyuridine to polyA tails. This RNA was mixed
with about 1 ng of denatured mature kidney cDNA in 7.5 /Â¿Iof the hybrid
ization buffer. Subtractive hybridization was performed at 68Â°Cfor 50 h. The

sample was then diluted in 500 fil of 40 ITIMsodium phosphate buffer (pH 6.8).
0.05% sodium dodecyl sulfate before loading onto a hydroxylapatite column
thermostated at 60Â°C.Single-strand cDNA was selectively eluted in 120 ITIM

sodium phosphate buffer. 0.05% sodium dodecyl sulfate and purified by fil
tration on a Biogel PIO (Bio-Rad) column. After NaOH treatment, the fraction
was dialyzed and ethanol-precipitated. Subtracted cDNA was either cloned or

used as a probe.
Cloning of the Subtracted cDNA. The second-strand synthesis was per

formed with DNA polymerase I (Klenow fragment), as already described (24).
After a 20-h incubation at 15Â°C,the second-strand synthesis was optimized by

use of 500 units/ml of reverse transcriptase (Promega Biotec) for 2 h at 37Â°C.

The double-strand cDNA was blunt-ended by successive treatments first with
1.25 units/ml of mung bean nuclease (Pharmacia) for 15 min at 37Â°Cand then
with 200 units/ml of T4 DNA polymerase (Biolabs) for 20 min at 37Â°C,

according to the conditions recommended by the manufacturers. A purification
on Biogel PIO spin columns was performed between reactions.

Cloning was performed in plasmid pUC18, with 24-base pairs-long BumHl

adaptors (Amersham). Competent Escherichia coli DH5a (BRL) was trans
formed and spread on LB medium plus ampicillin, Xgal. and isopropylthio-
ÃŸ-i>-galactoside.

Screening of the Library. White colonies were picked in ordered array on
nitrocellulose filters (Hybond-C: Amersham). grown, and replicated as de

scribed (24). Filters were hybridized in duplicate with the radiolabeled sub
tracted cDNA probe. The Alu primer 517 was labeled by kinase and used as a
control probe (32).

Polymerase Chain Reaction Amplification of Inserts. Colonies were re-

suspended in 20 fil of water and boiled for 5 min. Five fd of supernatant were
used in the amplification reaction (33). The primers were chosen in the pUC18
sequence, on each side of the cloning site, using the OLIGOTEST program
(34). Two 21-mer primers. 111 base pairs apart, were used:

5'-CGTTGTAAAACGACGGCCAGT-3' (direct primer)

5'-CACACAGGAAACAGCTATGAC-3' (reverse primer)

Polymerase chain reaction products were run on 1.2% agarose gels. Inserts
were recovered from the gel by phenol extraction.

RNA and DNA Blot Analysis. RNA analysis was performed with 2 fig of
polyA* RNA or 10 >xgof total RNA (35). The RNAs were transferred onto
"Hybond-C extra" membranes (Amersham). Hybridization was carried out as

previously reported (35). All of the filters were hybridized with HPRT or
GAPD as control probes to check for the integrity and amount of RNA in each
lane (36, 37). WT33 is a cDNA probe homologous to the WTI trancript. which
was kindly provided by D. A. Haber (2).

Southern blot experiments were carried out as described previously (38).
DNA Sequencing. Plasmid DNA was prepared by the alkaline lysis method

followed by precipitation with polyethylene glycol (39). Templates were de
natured with 0.2 \ NaOH. neutralized with 0.5 Mammonium acetate (pH 4.6),
and ethanol-precipitaled. Sequencing was performed with the Sequenase kit
(USB). Primers were either the universal MI3 primer (-40) or the reverse

primer used for polymerase chain reaction. Reaction products were run on 8%
acrylamide. 7 M urea, 40-cm gels. Sequences obtained were compared to

sequences from the GENBANK. EMBL. and NBRF databases, with the French
BISANCE service (40).

RESULTS

Isolation of Differential Clones. Of 680 ng of total mature kidney
cDNA. 20% was recovered after subtraction with WAGR4 mRNA and
cloned. The percentage of recombinants among white colonies was
estimated at 30%, with a total number of recombinant clones of
28,000. The size of the inserts ranged between 100 and 700 base pairs.
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Two different approaches were used to isolate differentially ex
pressed clones, i.e., positive with mature kidney RNA and negative
with WAGR4 RNA. In the first experiment, 18 randomly chosen
inserts were analyzed by Northern blot. Three clones, T21, T68, and
T70, which detected transcripts of 1.8, 1.7, and 1.0 kilobases, respec
tively, in mature kidney, hardly detected any signal with the WAGR4
RNA used for subtraction (Fig. 1/4). Probe T70 also revealed a minor
transcript of 2.9 kilobases in mature kidney (data not shown). In each
case, the differential pattern of hybridization was confirmed by hy
bridization of the filter with HPRT (Fig. 1/4). In the second experi
ment, we screened 400 white colonies with the subtracted cDNA
probe and with the Alu probe 517. None of the 30 clones positive for
the subtracted cDNA probe hybridized with the Alu probe, providing
indirect evidence of the efficiency of the subtraction. Northern blot
analysis confirmed a differential pattern of expression for clones 5.3,
6.2, 8.4, and 28. These clones detected mRNAs of 2.4, 0.7, 2.6, and
1.7 kilobases, respectively (Fig. IÃŸ).

Identification of DPEP1, CRYA2, UMOD, and GPX2. A com
plete sequence was obtained for clone T70 (199 base pairs), clone T68
(158 base pairs), and clone 28 (139 base pairs) and confirmed by
reverse sequencing. Partial sequences of 169 base pairs and 206 base

pairs were obtained for clone T21 (600 base pairs) and clone 5.3 (400
base pairs), respectively. These sequences were compared with data
from Genbank and EMBL databases. The partial sequence of clone
T21 showed 98.8% homology with the human microsomal dipepti-

dase coding sequence (DPEP1) (41). Homology of 98.9% was ob
tained between clone T70 and the first exon of the human Â«B-crys-

tallin gene (CRYA2) (42). The partial sequence of clone 5.3 showed
99.0% homology with the 3' end of the coding sequence and part of
the 3' noncoding sequence of human uromodulin (UMOD) niRNA

(43). Uromodulin is also known as the Tamm-Horsfall glycoprotein.

Clone T68 and clone 28 were overlapping clones presenting 96.8%
and 97.8% homology, respectively, with the 3' noncoding sequence of

the human plasma glutathione peroxidase cDNA (GPX2) (44). Only
clone T68 was used for subsequent analysis.

Expression in different tissues was investigated by Northern blot
analysis (Table 2). For comparison of levels of expression in human
fetal and mature kidney, Northern blots were successively hybridized
with the clones and with GAPD as a control probe (Fig. 2).

The cDNAs were hybridized on Southern blots with DNA from
panels of somatic cell hybrids for chromosomal localization. Experi-
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1.8kbâ€”

K WT

1.7kbâ€” 1.0kbâ€”

K WT

Fig. 1. RNA blot analysis of isolated recombi
nant clones. PolyA ' RNA (2 ^g) from normal

mature kidney (K) and tumor WAGR4 (WT) were
agarose fractionated and hybridi/ed with clones
T21, T68. and T70 (A ) or clones 5.3. 6.2. 8.4. and
28 (ÃŸ).Rehybridization of the filters with HPRT
(A ) or GAPD (ÃŸ)as a control for RNA loading is
shown below.
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Table 2 Characterization of the clones

ClonesymbolT21

5.3
T68T70

6.2
8.4Sequence

homologyMicrosomal

dipcptidase
Uromodulina/3-CrystallinT

â€¢)Locus

symbolDPEPI

UMOD
GPX2CRYA2

DIIS877E
DI5S109EExpression"mK.

In. Lu. Ov. (fK)
mK. IfX)
mK He. Li. Lu, PI. Mu (IX. Br. Pa.St)mK,

fK. Mu, He. To. (Br, Lu. St)
mK, Pa (fK, Li)
mK. Br. Te.PolymorphismBamHIBeaAssignment16q24.3

16pl3.ll
Sq"U-qterIlq22.

1-23.2
llq23.2-24.2

15
" The abbreviations for the tissues studied are as follows: mK, mature kidney; IX. letal kidney; Br, brain; He. heart; In. intestine; Lu. lung; Mu, muscle; Ov. ovary; Te, testis; To,

tongue; St, stomach; PI, placenta; Pa, pancreas. Tissues in parentheses indicate a lower expression (detected following I week of exposure).

18kbâ€”

r tut l
lOkb- || â€¢â€¢MU MÃ•.T70

â€¢â€¢ wl^V^W

^ UNNI I24kb-

T68

5.3

07kbâ€” 62

15kbâ€” â€¢HitifMttl GAPD

o.a.

S SÃ gggi
â€” â€” <Ã®

2.6kbâ€”

1.5kbâ€”

flk
If i lili

Fig. 2. RNA analysis of 11 different WT. mature and fetal kidneys. Total RNA ( 10 fig)
orpolyA* RNA(A*) (2 fig) from II different Wilms' tumors, mature kidney (K). or fetal

kidney (/-TO was fractionated on agarose gel. The filters were successively hybridized

with clones T21. T68. T70, 5.3.6.2. and 8.4. and with GAPD as a control for RNA loading
and transfer. The names of the probes are indicated on the right, and the size of the mRNA
is on the left. For clone T70, only the major I.O-kilobase band is shown. The presence or
absence of this hand always correlates with the presence or absence of the minor 2.9-
kilobase band.

ments concerning regional mapping of these clones are described
elsewhere (38, 45. 46), and the results are summarized in Table 2.

Isolation of Two New Genes. No homology was found between
sequences from clones 6.2 and 8.4 and any of the nucleotide se
quences of the Genbank and EMBL databases or with the protein
sequences of the NBRF database. A complete sequence of 184 base
pairs was obtained for clone 6.2, with an open reading frame extend
ing over the whole length (Fig. 3/4 ). This clone detects a 0.7-kilobase

transcript in adult kidney and pancreas and a band of lower intensity
in liver and fetal kidney (Table 2; Fig. 2). Clone 6.2 (Dl IS877E) has
been mapped to chromosome 11 in subregion I lq22.3-24.3 (Table 2)

(38).
A partial sequence of 226 base pairs was obtained for clone 8.4 (400

base pairs). The longer open reading frame covered 174 base pairs
(Fig. 3ÃŸ).It detects a 2.4-kilobase transcript in adult kidney, brain,

and testis. No expression in fetal kidney was observed (Table 2; Fig.
2). Clone 8.4 (D15SI09E) was mapped to chromosome 15 (Table 2).

Decreased Expression in Wilms' Tumors. The clones were hy
bridized with RNA from 11 Wilms' tumors of different etiological

origin and stage (Table 1: Fig. 2). Four tumors, WAGR4, BILI, SPOI.
and SPO4. showed an absence of expression for all six markers as well
as the loss of lip alÃeles.Conversely, transcription of the cDNA
sequences was normal or only slightly reduced in the tumors from the
two WBS patients, i.e.. BW1 IP and BW18P. For tumors BIL2. SPO2.

SPO6, SPO7. and SPO8. our results appeared more heterogeneous. In
all tumors, the expression of WT1. analyzed with probe WT33, was
maintained, even in tumor WAGR4 with a constitutional deletion of
Ilpl3 (data not shown).

Loss of Heterozygosity at the DPEPI Locus. Using a BamHl
variable-number tandem repeat polymorphism detected by DPEPI

(45), we demonstrated loss of alÃelein tumors BILI and SPO7 at locus
16q24.3 (data not shown). Analysis of 18 other Wilms' tumors was

performed in order to estimate more precisely the frequency of loss of
heterozygosity. A total of 5 tumors of 21 informative ones (24%)
showed a loss of alÃele(data not shown). In order to check whether
DPEPI could be directly implicated, we performed Southern blots
with restriction enzymes allowing detection of genomic fragments
larger than 10 kilobases. Analysis of 21 Wilms' tumors, including the

same 11 tumors described here and 10 other tumors, failed to reveal
DNA rearrangements of the genomic sequences homologous to
DPEPI or to the other clones (data not shown).

DISCUSSION

In order to detect kidney cDNAs down-expressed in Wilms' tumor,

we used a subtractive hybridization technique. This approach was
based on differential RNA expression between mature kidney and
Wilms' tumor. It thus applied only to genes for which mRNA tran

scripts would be absent or severely reduced in the tumor, not to genes
for which point mutations do not hinder transcription of mRNA. Since
genetic and molecular studies on Wilms' tumor support the hypothesis

that this childhood cancer arises from a variety of etiological path
ways. we chose to use a single-well genetically characterized tumor

for subtraction.
Six clones presenting a differential hybridization pattern with RNA

from mature kidney and WAGR4 were characterized. Four clones
were identified as sequences from known genes DPEPI (clone T21 ),
CRYA2 (clone T70), UMOD (clone 5.3), and GPX2 (clone T68).
Mapping data and/or tissue-specific expression analysis using these

clones were in agreement with published data for DPEPI, CRYA2,
and UMOD (41^43. 47-49). Our data demonstrate that the gene
coding for GPX2 maps to chromosome 5q33-qter and that it is ex

pressed in various tissues and not restricted to placenta (44). Clone 6.2
(D11S877E) and clone 8.4 (D15SI09E) correspond to new genes
expressed in kidney and in a limited set of tissues.

Although Northern blot analysis cannot provide an accurate quan
tification of the difference of mRNA levels between the various tis
sues studied, the levels of transcripts for all six genes were unambig
uously decreased in tumors WAGR4, BILI. SPOI and SPO4. For
tumor WAGR4. involvement of a predisposing event at WTI is ob
vious. BILI was a bilateral case who could represent a new germline
mutation of WTI (50) or WT3. Although no constitutional deletion of
I Ipl3, gross gene rearrangement of WTI, or glomerular lesions were
observed in patient SPOI.7 this child presented with ambiguous gen

italia. which is one of the manifestations of WTI mutations (6, 51).

7Personal communication.
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(A) clone 6.2 (D11S877E)

10 20 30 40 50 60
GGTTACATTGAGTCTGGAGCTTCCTTCAGCCCAAGCGCTGGCAGTGACGGGGACAAAGGT
GlyTyrlleGluSerGlyAlaSerPheSerProSerAlaGlySerAspGlyAspLysGly

70 80 90 100 110 120
CTAAAGCCCAGGGAAGAAGGGGAGGCGCCAGAGCAGGGCCATGCTTGGCTTCCCAGCTGG
LeuLysProArgGluGluGlyGluAlaProGluGlnGlyHisAlaTrpLeuProSerTrp

130 140 150 160 170 180
CCCCAGTGCAAGTGGGTGGCATCCCGAGGCTGCTGTTACGGCTCATCTTCATCGTGGGGC
ProGlnCysLysTrpValAlaSerArgGlyCysCysTyrGlySerSerSerSerTrpGly

TTCA
Phe

Fig. 3. DNA sequence analysis of the isolated re-
comhinants. A. total sequence of clone 6.2
(DI1S877E): the predicted amino acid sequence is
displayed below the nucleotide sequence. B. partial
sequence of clone 8.4 (DI5S109E); the part of the
sequence corresponding to the largest putative open
reading frame is iititJerlint'J. The sequences have

been deposited with EMBL accession numbers
X65705 (DI1SX77E) and X65706 (D15SI09E).

/g\ 8 4 (D15S109E)

CAAGTTACTCAGGTGACTAATTTTTTCTTGGTACACATTCACCAAAATTTTATACTTGAA
10 20 30 40 50 60

GTTCAATGAGTCCACTGATTAAAAAAGAACCATGTGTAAGTGGTTTTAAAATATGAACTT

GCCAAATAGTAAATAACTTTAGGAGTAGAGAGTAATACCTAGCAGAAGTTATTTTCTTTA
70 80 90 100 110 120

CGGTTTATCATTTATTGAAATCCTCATCTCTCATTATGGATCGTCTTCAATAAAAGAAAT

TGTCAAAGAAAAGTAATAGAAGCAAACCAGGCTTACGACCCCTGTTAAGGAGATGATTGT
130 140 150 160 170 180

ACAGTTTCTTTTCATTATCTTCGTTTGGTCCGAATGCTGGGGACAATTCCTCTACTAACA

TTAAAGCACTACAGTTCATGCACTTTTTAAAGCAGGAGAATGAACC
190 200 210 220

AATTTCGTGATGTCAAGTACGTGAAAAATTTCGTCCTCTTACTTGG

Patient SPO4 had a late onset tumor and no malformation suggestive
of genetic predisposition. Interestingly, somatic loss of alÃelesfor
llplS markers around the WT2 locus was observed in these four
tumors, suggesting a common progression mechanism. Conversely, in
tumors from two patients with WBS, thus involving WT2 as a pre-

disposing locus, expression was unaltered or only slightly reduced.
These differences between the two categories of tumors could reflect
pathogenetic heterogeneity of Wilms' tumor (52). This is supported by
the proposal of two distinct categories of Wilms' tumor precursors: the

intralobar nephrogenic rests associated with the WAGR and Drash
syndromes and the perilobar nephrogenic rests commonly found with
hemihypertrophy and WBS. Our results suggest that different genes
could be involved in tumor progression for these two types of tumors.
However, more tumors, whether or not they are hereditary, should be
analyzed to confirm this hypothesis. Furthermore, no correlation be-

tween absence of expression of the six genes and stage of the tumors
can yet be proposed from our study.

Two clones, DPEP1 (clone T2I) and UMOD (clone 5.3), map on
chromosome 16. Cytogenetic analysis has shown that this chromo-

some is frequently deleted in Wilms' tumors ( 18-2 1). Accordingly, we

have demonstrated loss of alÃelesin 24% of the tumors with probe T21
(DPEP1), which maps precisely to 16q24.3. Losses of alÃelesin the
16q region have also been described by other authors in Wilms' tumor

(22), as well as in hepatocellular. prostatic. and breast carcinomas
(53). Therefore, the long arm of chromosome 16 most likely carries a
tumor suppressor gene(s) involved in these different tumors.

The genes identified in this study are probably not classical tumor
suppressor genes. Although their mRNAs are absent. Southern blots
showed that these genes are present and not grossly rearranged in
tumor cells. Different hypotheses can account for the absence of
expression of these sequences in tumors. As a first hypothesis, if a
gene participates in several mechanisms used by the organism to fight
actively against tumor cells, its absence of expression can be related
to tumor progression. Microsomal dipeptidase (DPEP1) is a zinc
metalloproteina.se implicated in the metabolism of glutathione (54).
which is known to be involved in the tumorigenesis process. Although
the role of aB-crystallin (CRYA2) in kidney is not known, this protein

is a small heat shock protein which might be involved in the response
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to cellular stress and could help the elimination of nascent tumor cells
(55, 56). Uromodulin (UMOD) is an immunosuppressive glycoprotein
which regulates the circulating activity of a number of potent cyto-

kines, including interleukin I and tumor necrosis factor (43). De
creased expression of UMOD may result in uncontrolled levels of
Â¡nterleukin I, tumor necrosis factor, and other lymphokines involved
in cell communications and activation of protein kinases (57). Glu-

tathione peroxidase (GPX2) is an enzyme involved in cellular detox
ification, and its absence of expression might allow an increased
number of mutations caused by peroxides to occur (58). The molec
ular and functional characterization of the two new cDNAs is in
progress. The possibility that these genes might be regulated, directly
or indirectly, by tumor suppressor genes like WT1 or WT2, has to be
investigated. Since WTI is significantly expressed in all tumors, it
might be worthwhile to search for specific early growth response-like

binding sites in their promoter sequences.
As a second hypothesis, the absence of expression of the isolated

genes may reflect the absence of kidney structures specifically ex
pressing them. DPEP1, CRYA2, and UMOD expression is limited to
specific structures of the differentiated nephron. Microsomal dipepti-

dase (DPEP1) is located in the kidney microvillus membranes (54).
CRYA2 expression in kidney is limited to specific segments of tu
bules. Henle's loops, and collecting ducts (48). Kidney-specific ex
pression of UMOD is restricted to the thick ascending limb of Henle's

loop and the early distal convoluted tubule (43). However, the pattern
of expression of these genes in the different structures of fetal kidney
remains unknown. The expression of GPX2 and of the two new genes
in normal mature and fetal kidney structures has also to be analyzed
by in situ mRNA hybridization experiments. Through in situ hybrid
ization or quantitative RNA analysis, these different genes could be
helpful for the histolÃ³gica! characterization of tumors and hence for
prognosis.
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