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ABSTRACT

In silu hybridization was used to examine, in parallel, the localization of
insulin-like growth factor II (Igf2) and WTI transcripts in normal fetal
kidney and Wilms' tumor. The expression of Igf2 and WTI transcripts in

the fetal kidney is almost complementary in both the epithelial and stro-

mal cell lineages derived from the undifferentiated metanephrogenic blas
tema. The patterns of transcription of Igf2 in three Wilms' tumors ap

peared to be perturbed as compared to the normal fetal kidney. In these
tumors Igf2 transcripts were detected in structures that are developmen-

tally equivalent to the renal vesicle, which in the normal kidney do not
contain Igf2 transcripts. These results suggest that Wilms' tumors arise

from an alteration in the regulation of Igf2 iiiKN \ synthesis.

INTRODUCTION

WTs3 are embryonic neoplasms of the kidney that are believed to

result from a perturbation in the normal differentiation of the meta
nephrogenic blastema (1). This failure to differentiate normally is
thought to be a consequence of the somatic loss of function of one or
more critical developmental gene(s) controlling blastemal differentia
tion. The association of loss of gene function with tumorigenesis has
led to these genes being termed "tumor suppressor genes" (2, 3).

A candidate Wilms' tumor suppressor gene, WTI, has been cloned

and has been found to be mutated in a number of WTs (4-7). Sequence

analysis indicates that the WTI protein contains four zinc fingers and
shares homology with EGR proteins, suggesting a role as a DNA-
binding transcription factor (4, 5). In vitro binding studies and co-

transfection chlorarnphenicol acetyltransferase assays have confirmed
that the WTI protein binds to the consensus EGR-1-binding sequence

to repress transcription from an associated promoter (8, 9). A role for
the WTI protein in repressing the transcription of genes the products
of which promote nephroblast division or prevent nephroblast differ
entiation would be consistent with WTI functioning as a tumor sup
pressor gene. Identification of these target genes remains an important
goal of research into the molecular biology of WTs.

A gene the product of which might act to promote the division of
cells of both the normal fetal kidney and WT is l"J2. High levels of
I"J2 transcripts have been detected in the undifferentiated cells of both
normal fetal kidneys and WTs (10-13). Antibodies against the type 1

IGF receptor, through which the Igf2 protein can exert a mitogenic
effect, have been shown to inhibit the growth of a WT-derived cell line

and WT tissue in athymic mice (14, 15). Similarly antibodies to both
the Igf2 receptor and the Igf2 protein inhibited the growth of normal
rat fetal kidneys in vitro (16). I"f2 is further implicated in the etiology

of WT by its location at 1Ipl5, the location of a second putative WT
gene and by the murine Igf2 gene being "imprinted," a feature pre

dicted for at least one of the two lip genes thought to be involved in
Wilms' tumorigenesis (17).
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Previous reports have described the individual patterns of transcrip
tion of either WTI or Igf2 in the fetal kidney (12, 13, 18, 19). The
levels of Igf2 transcripts have been shown to decrease with epithelial
differentiation of blastemal cells while WTI transcription is increased
after the induction of differentiation of blastemal cell into epithelial
structures. To determine more precisely the temporal and spatial re
lationship of the transcription of these two genes in vivo, we have
examined the patterns of transcription of WTI and Ipj2 in parallel in
normal fetal kidney and WT. The patterns of transcription show that
Ã•gf2transcription is decreased following the transcriptional activation
of the WTI gene in the normal fetal kidney. Furthermore we report 3
cases of WT in which the pattern of Igf2 transcription appears to be
perturbed by comparison to the normal pattern in fetal kidney. These
data are consistent with a model in which the WTI protein acts during
normal blastemal differentiation to negatively regulate lgf~2transcrip
tion and failure to do this contributes to Wilms' tumorigenesis.

MATERIALS AND METHODS

Preparation of Fetal Kidney (12-Week Gestation) and WT Sections.
Fetal kidney and lumor sections were cut from formalin-fixed, paraffin-em

bedded archival material and mounted onto 2% aminopropyl triethoxysilane
(Sigma Chemical Co., St. Louis, MO) in acetone-coated slides. Ethical ap

proval for the use of the human tissue was granted to Dr. A. E. Reeve by the
Otago Hospital Board.

In Silu Hybridization of the Tissue Sections. The Igf2 clone (IGFU)
corresponds to a f.vf l(815)-////i/l(256) fragment of phigf2 cloned into PGem3
(20). The WTI clone (31 El) is a 2.5-kilobase complementary DNA fragment

cloned into pGcm3Z (21). Sense and antiscnse RNA probes were transcribed
from linearized templates using SP6 and T7 RNA polymerases (Promcga,
Madison, WI) radiolabeling with both ["SJUTP and [15S]CTP (Amersham

International pic, Amersham, United Kingdom). Methods for hybridization
were described previously (12). The slides were coated in emulsion (Amer
sham) and exposed for 1(1(Igf2)-3() (WTI) days at 4Â°C.The developed slides

were stained in hematoxylin and eosin and photographed under both bright and
dark field illumination.

RESULTS

Metanephric Differentiation. The histolÃ³gica! stages of the de
velopment of the fetal kidney arising from the metanephric blastema
have been extensively described and reviewed (1, 22, 23). This pro
cess involves a mutual induction between the proliferating blastemal
cells and the branching ureteric epithelium within the mesenchyme at
the growing surface of the fetal kidney which in turn leads to the
development of the glomerulus and secretory epithelium (proximal/
distal tubules, loop of Henle) of the nephrons and the ureteric epithe
lium (collecting ducts).

In Situ Hybridization of Human Fetal Kidney with Igf2 and
WTI Probes. Fig. 1 shows the results of in situ hybridization of fetal
kidney sections with Igf2 and WTI gene probes. Fig. 1, A-D, shows

the transcriptional changes immediately following induction of the
metanephrogenic undifferentiated blastema; Fig. 1, E-H, emphasizes
patterns of transcription in the S-shaped bodies and glomerular podo-

cytes. /g/2 transcription was detectable at high levels in both the
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Fig. 1. In situ hybridization analysis of Igf2 and WTI transcript localization in human fetal kidney. A, C, E, and G, bright field photomicrographs; B, I), F, and H, the corresponding
dark field photomicrographs, respectively. A. B, E, F, resulls of hybridization of fetal kidney sections with the IgÃŸprobe. Note hybridization of the probe to the undifferentiated blastema
(h), the cells of the early condensate (c), and the stronia. Iiff2 transcript levels were low or nil in the renal vesicles (v), S-shapcd body epithelium, and the ureteric (Â«)and nephronic
secretory epithelium (.v). Igf2 transcripts were not detected in the podocytes (p). C, D, 6'. //, results of hybridization of fetal kidney sections with the WTI probe. WTI transcripts were

not detected in the metanephrogenic mesenchyme but were detected in the cells of the early condensate and the renal vesicles. WTI transcripts were present at high levels in the
presumptive and differentiated podocytes (/>). Bar (A), 2(H) jim.

undifferentiated blastema and the induced blastemal cells that form vesicles that differentiate from the early condensate. Indeed /Â£/2tran-

the early condensate around the ureteric ampullae (Fig. 1, A, B, E, F). script levels became attenuated before a clearly defined lumen forms
However, Igf2 transcripts were absent from the epithelial cells of renal within the early condensate (Fig. 1, A, B). Thus it appears that,
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Table I Summary of hybridization of fetal kidney with Igf2 and WTI probes

A semiquantitative estimation of (he concentration of the transcripts in the cells was
made on the basis of the silver grain density in the emulsion above the labeled cells. -, not
detected; +, low; ++, moderate; + + + . high; +-f+ + , abundant.

Gene

Cell type WTI

Mctanephrogcnic blastema
Early condensate
Renal vesicle
Presumptive podocyte
I'odocytc

Secretory epithelium
Stroma
Ureteric epithelium

following induction of the mesenchyme to form the renal vesicle,
transcription of the Igf2 gene is dramatically reduced or possibly
ceases completely. Igf2 transcripts remain very low in the secretory
and podocyte cpithelia derived from the renal vesicle. In contrast to
the epithelial differentiation pathway, Igf2 transcription is largely
unattenuated in the stromal cells that differentiate from the undiffer-

entiated blastema. These results agree with and extend previous stud
ies (12, 13, 18).

WTI transcripts were not detected in the undifferentiated blastema
but appear in the induced blastema! cells that form the early conden
sÃ¢tes(Fig. 1, C, D). WTI transcripts were also detected in the epi
thelial cells of the renal vesicle. At the subsequent S-shaped body

stage, WTI transcription was very high in the presumptive podocytes
of the glomeruli (Fig. 1, G, H). However, WTI transcripts were not
detected in the differentiated secretory epithelia (proximal and distal
tubules), the stromal cells or the ureteric epithelium (Fig. 1, C, D).

The results of the /// xitu hybridization of the fetal kidney with Igf2
and WTI gene probes are summarized in Table 1.

In Situ Hybridization of WTs with Igf2 and WTI Probes. Figs.
2 and 3 show the results of in situ hybridization of three WTs, denoted
A, B, and C. Tumor A (Fig. 2) is a highly differentiated triphasic tumor
with a variety of epithelial structures. High levels of Igf2 transcripts
were detected in the blastema and stroma. Since, in Tumor A, serial
sections were used for hybridization with Igf2 (Fig. 2, A, B) and WTI
(Fig. 2, C, D), it is possible to identify the same tubular structure in
both sections. Fig. 25 shows a higher magnification from an area of
Fig. 2A. A comparison of B-D in Fig. 2 showed that some of the

tubular structures hybridized with both the Â¡gf2and WTI probes,
suggesting that transcription of these genes was coincident in these
structures. Our previous studies demonstrated that these tubular struc
tures showed distinct cytoplasmic positivity for keratin and contained
polarized basement membranes which were positive for type IV
collagen, suggesting that the tubules are at a stage equivalent to the
renal vesicles in the fetal kidney (24). The coexpression of Igf2 and
WTI transcripts in the tubular structures was quite distinct from
the fetal kidney, in which the expression of the two genes was
complementary.

Tumor B was characterized by the presence of many tubular struc
tures and blastemal cell nests embedded in myxoid loose stroma (Fig.
3, A-D). Igf2 transcripts were detected at high levels in blastema and

tubular structures, and some amounts in stroma (Fig. 3, A, B). WTI
transcripts were also detected in the tubular structures of this tumor.
(Fig. 3, C, D). All tubular structures throughout Tumor B, which were
reminiscent of renal vesicles in the developing kidney, contained both
Â¡gf2and WTI transcripts. However, where abortive glomeruli differ
entiated from the tubular structures, the resulting "podocytes" con

tained no Igf2 transcripts (Fig. 3, A, B), but WTI transcripts were
detected at high levels in podocytes (Fig. 3, C, D), suggesting that
tubular structures possessed some potential to differentiate.

Fig. 2. In situ hybridization analysis of /Â£/2and WTI transcript localization in Wilms' Tumor A. A and H, low and high magnification bright field photomicrographs of fetal kidney

hybridized with the IgÃŸprobe. In fi, some tubular structures, equivalent to renal vesicles (arrowheads) and blastemal tissue (ft) show high levels of transcripts whereas the stroma (s)
shows moderate signal. Bright (O and dark (D) field photomicrographs of a serial next section showed hybridization with the WTI probes, in which the same tubules (arrowheads)
contain WT/ transcripts, whereas the stroma (s) shows low or nil expression. Bar: A. 200 urn: B. 1(X)urn.
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Fig. 3. //( .v//Â«hybridization analysis of Igf2 and VV77transcript localization in WTs B and C. .4, G E, and G. bright field photomicrographs: B, D, F, and //, the corresponding dark
field photomicrographs, respectively. A, B, results of hybridization of Tumor B sections with the Igf2 probe. Note hybridization signal over tubular structures (v) and blastema (b). The
Igf2 probe did not hybridize to abortive glomerular podocytes (arrowheads). C, D, resulls of hybridization of Tumor B sections wilh the WTI probe. The WTI probe hybridizes to
the abortive glomerular podocytes (arrowheads} and to tubular structures (v). E, F, results of hybridization of Tumor C with the Igf2 probe. The Igf2 probe hybridizes to blastema (h)
and tubular structures (r). G, H, results of hybridization of Tumor C with the WTI probes. The WTI probe hybridizes to tubular structures (v). Bar (A). 2(K) /im.

Tumor C consisted of a large number of tubular structures, occa- F). Sections very close to ones hybridized with Igf2 probes showed
sional blastemal cell nests and stroma (Fig. 3, E-H). Igf2 transcripts that WTI transcripts were also seen in the tubular structures whereas

were clearly detected in the blastema and tubular structures (Fig. 3, E, stremai cells showed very low levels (Fig. 3, G, H).
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ATTCTCTAGG ACGGGCATTC AGCATGGCCT
-294

TGGCGCTCTG CGGCTCCCTG

CCCCCCACCC AGCCTCGCCC
-244

CCGCGCACCC CCCAGCCCCT GCGACCGCCG

Fig. 4. Sequences surrounding the human Igf2
P3 promoter transcription start site showing three
EGR-1 consensus binding sequences (i.e.. 5' CGC-
CCCCGC 3') (underlined) (X). The start point of

transcription is indicated (â€¢ >). The sequence
shown is from the paper of Gray el al. (2ft). Dull el
ai (27). and the EMBL sequence data base (refer
ence no. HSIGF2G. XO3562).

CCCCCCCCCC

-194

TTGGCTCGGG
-144

CGCCCATTGG
-94

CGGCTGGCGC

CGGGGCCCCA

TTGCGGGGGC

CGCGGGCGCG

GACTATAAGA

GGGCCCCAGC

CGGCCGGGGG

AGGCCAGCGC

GCCGGGCGTG

CCGCACCCCC CGCCCCGCTC

CGGGGCGAGG GCTCCGCGGG

CCCCGCGCGG

GGCGCCCGCA

CCCTGGGCCG

GTTCGCCTGC
+1

TCTCCGGCGG
+7

3

GCCGCCCCCG

+57

AGCTGCGTGA

C.CTCCTGGCC

GGCCCGGCCG

CACGCCTGCC

GCCCCGGCCC CCCCCTTCCG

CGCGCTCTGC CCACCAGCGC

DISCUSSION

The patterns of Igf2 and WT1 transcription in the differentiating
fetal kidney are essentially complementary as is apparent from the
results summarized in Table 1. WT1 transcripts are absent from the
undifferentiated blastema while Igf2 transcripts are detected in abun
dance. By the renal vesicle stage, or even slightly earlier, WT1 tran
scripts are present in the epithelial cells while Igf2 transcripts levels
are very low. WT! transcripts are present in abundance in the differ
entiating podocytes while /g/2 transcripts are absent from these cells.
Igf2 transcription also continues in the blastema-derived stromal cells

while WTI transcripts were not detected in these cells. It is important
to note that both WTI and /g/2 transcripts were present in the early
condensing mesenchyme. The in situ hybridization technique only
detects the presence of transcripts in a cell; therefore this technique
does not necessarily show that a gene is actively transcribing. It would
seem likely that in the cells of the early condensing mesenchyme the
Igf2 gene has been transcriptionally silenced, and consequently the
/g/2 message detected by in situ hybridization corresponds to residual
transcripts from the undifferentiated blastema in which the /g/2 gene
was highly transcriptionally active.

A common histolÃ³gica! feature of all three tumors shown in Figs. 2
and 3 is the presence of tubular structures that appear to be abortive
attempts of the tumor blastema! cells to form renal vesicle/S-shaped

body structures. This interpretation is supported by the detection of
WTI transcripts in these cells in three WTs. In addition, in Tumor B,
it is apparent that abortive glomerulus-like structures form the tubular

structures in a manner paralleling the differentiation of the podocytes
from the S-shaped bodies in the normal fetal kidney. Where these
glomerulus-like structures form in these tumors, the podocyte cells

have low /g/2 and high WTI transcript levels as would be predicted
from the fetal kidney results. In contrast to the podocyte cells, the
presence of Igf2 transcripts in the tubular structures of all three tumors
appears to be aberrant as compared to the fetal kidney where Ig/2
transcripts are absent or low at the renal vesicle stage and essentially
nil in the epithelial cells of the S-shaped bodies. That some of the

tubular structures in Tumor A appear to be negative for both /g/2 and
WTI transcripts may be due to the progression of these "epithelial
cells" further along the differentiation pathway and equivalent to the

secretory epithelium precursors which in the fetal kidney contain
neither /g/2 nor WTI transcripts.

The conclusion that /g/2 transcription control is perturbed in a least
some WTs is in agreement with the conclusions of Paik et al. (13) who
also detected /g/2 transcripts in tubular structures in one tumor de
scribed as histologically "monomorphous tubular." These data collec

tively suggest that the WTI gene may be unable to exert its normal
transcription control functions in partially differentiated cells in these
tumors. Interestingly the /g/2 P3 promoter, which along with the P4
promoter is active in fetal kidney and Wilms' tumor, includes three

octameric sequences which exactly match the EGR-1 consensus bind
ing sequence (Fig. 4) (8, 11, 25, 26-28). Mutations within the zinc
finger motifs of WTI may impair binding to the EGR-1 sequences

which in turn would lead to the loss of /g/2 transcriptional regulation.
Drummond et al. (25) have recently found that one form of the WTI
protein can suppress the Igf2 P3 promoter, which is in agreement with
this model.
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