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Blastemal Cells ofNephroblastomatosis Complex
Share an Onco-Developmental Antigen with
Embryonic Kidney and Wilms' Tumor

An Immunohistochemical Study on Polysialic
Acid Distribution

JURGEN ROTH, MD, PhD, INGE BLAHA, MD,
DIETER BITTER-SUERMANN, MD,

and PHILIPP U. HEITZ,MD

Previous investigations on polysialic acid ofthe neural
cell adhesion molecule NCAM in human kidney have
demonstrated its presence during nephrogenesis in
embryonic kidney, absence in normal adult kidney,
and reexpression in Wilms' tumor. These data showed
that polysialic acid ofNCAM is an onco-developmen-
tal antigen in human kidney and provided more direct
evidence for the metanephric origin ofWilms' tumor.
In the present study, five cases ofWilms' tumor associ-
ated with nephroblastomatosis complexes were immu-
nohistochemically investigated with a monoclonal an-
tibody for the presence of polysialic acid. Regardless
of the type of nephroblastomatosis complex, ie, renal
nodular blastema, simple tubular metanephric hamar-
toma, sclerosing metanephric hamartoma with ade-

WILMS' TUMOR (NEPHROBLASTOMA) is the
most common malignant kidney tumor ofchildhood
and is believed to derive from remnants of immature
kidney tissue that have retained some features of the
embryonic epoch of organ development. 1'2 This
widely accepted concept ofmetanephrogenic origin of
Wilms' tumor is based on two different but causally
related grounds. First, the histologic appearance of
most Wilms' tumors is strikingly similar to structures
found during the embryonic development of the
metanephros.2'3 Under normal conditions, however,
nephrogenesis ceases in the fetal human kidney 4-6
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noma, or incipient Wilms' tumor, immunoreactivity
for polysialic acid was found in the blastemal cells, but
was undetectable in all other structural elements. Be-
cause only blastemal cells exhibited a characteristic
feature of embryonal differentiating metanephric de-
rivatives, it appears that Wilms' tumor has its origin
not exclusively in nodular renal blastema but rather in
blastemal cells present in the various forms ofnephro-
blastomatosis complex. The presence ofpolysialic acid
ofNCAM in blastemal cells in such lesions indicates
that further events in addition to the expression ofthe
embryonic form ofthis cell adhesion molecule may be
involved in the pathogenesis of Wilms' tumor. (Am J
Pathol 1988, 133:596-608)

weeks before term and structures characteristic of the
differentiation period are no longer found.4 The sec-
ond observation in favor of the embryonic origin of
Wilms' tumor is related to the fact that in at least one
third of all Wilms' tumor-affected kidneys, foci ofim-
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mature renal tissue of various morphologic appear-
ances can be observed.5 These diffuse or multifocal
lesions usually found in kidney cortex either adjacent
to Wilms' tumor or in kidney regions uninvolved by
tumor are now collectively comprised under the gen-
eral term nephroblastomatosis complex.57 In their
fundamental study, Bove and McAdams5 distin-
guished three types of nephroblastomatosis lesions
that they considered to be neoplastic: 1) nodular renal
blastema, 2) metanephric hamartoma, and 3) Wilms'
tumorlet. The former and the latter were described as
subcapsular, unencapsulated nodules composed of
metanephric blastemal cells, the sole difference be-
tween them being their size. In contrast, metanephric
hamartomas were described as highly variable in size
and composed of congeries of primitive nephron seg-
ments embedded in a fibrocollagenous matrix. Be-
sides simple forms, complex ones were distinguished
that contained adenomas and incipient Wilms' tu-
mor, ie, circumscribed monophasic proliferations of
metanephric blastemal cells.
There is considerable interest in trying to define the

biologic significance ofthese various, obviously inter-
related lesions. Several lines of evidence suggest that
nephroblastomatosis is an important factor that ap-
pears to be associated with the development ofWilms'
tumor and may be considered a premalignant le-
sion.58 It was hypothesized that classic Wilms' tumor
arises in a hamartomatous metanephric precursor,
which in turn originated in late gestation from a nodu-
lar renal blastema. But metanephric hamartoma fre-
quently display signs of regression and there is mor-
phologic and clinical evidence that they not necessar-
ily give rise to Wilms' tumor.5-'0 Bove and McAdams5
have speculated that Wilms' tumor development rep-
resents an example for the "two hit" theory of carci-
nogenesis.""2 A first mutational event would lead to
a benign aberrant metanephric proliferation, ie, neph-
roblastomatosis complex, which would provide the
substrate for tumor development after a second post-
natal mutational event.
We have recently shown that the long-chain form

of polysialic acid present on the neural cell adhesion
molecule is present during certain differentiation
stages of metanephron development in rat'3 and hu-
man'4 kidney. These observations prompted further
investigations on Wilms' tumor that demonstrated
the presence ofsuch units ofpolysialic acid in the vari-
ous histologic forms of Wilms' tumor.14"5 Further,
they proved the absence of polysialic acid in fully
differentiated, normal human kidney.'4"15 Collec-
tively, these observations led us to conclude that the
long-chain form of polysialic acid, characteristic of
the weakly adhesive form of NCAM, represents an

onco-developmental antigen in human kidney. The
demonstration of a molecule characteristically ex-
pressed during nephrogenesis but absent after its ces-
sation provided new information supporting the con-
cept of metanephric origin of Wilms' tumor. In the
present study, five cases of Wilms' tumor that were
found to be associated with various forms of nephro-
blastomatosis complexes were immunohistochemi-
cally investigated with a monoclonal antibody for pos-
sible presence ofpolysialic acid.

Materials and Methods

Reagents

The mouse monoclonal IgG2a antibody MAb 735
raised against live group B meningococci was used to
detect homopolymers of a2,8 linked N-acetylneur-
aminic acid (polysialic acid). Production and charac-
terization of the antibody were described in detail.'6
The monoclonal antibody requires the presence of at
least eight a2,8 linked N-acetylneuraminic acid resi-
dues for binding'3"7 and has no crossreactivity with
polynucleotides and denatured DNA (manuscript in
preparation). Two bacteriophage encoded endosiali-
dases specifically hydrolyzing a2,8 linked N-acetyl-
neuraminic acid were used: 1) bacteriophage PKIA-
bound endosialidase,'8 and 2) soluble, purified bacte-
riophage E-encoded endosialidase.'9 Bacteriophage
PKlA-bound endosialidase has a reported strict sub-
strate specificity: it requires the presence of at least
eight a2,8 linked N-acetylneuraminic acid residues
for cleavage.'8 Protein A-gold complexes were pre-
pared with 8 or 14 nm gold particles as reported in
detail elsewhere.202' Staphylococcal protein A was
purchased from Pharmacia Fine Chemicals (Uppsala,
Sweden), affinity-purified rabbit anti-mouse IgG
(heavy and light chain) from Cappel Laboratories
(West Chester, PA), colominic acid (sodium salt) and
bovine serum albumin from Sigma (St. Louis, MO),
Carbowax 20M, hydroquinone and silver lactate from
Fluka (Buchs, Switzerland), and tetrachloroauric acid
and trisodium citrate from Merck (Darmstadt, FRG).
All other reagents were ofhighest available purity.

Tissue Fixation and Embedding

Tissue pieces from surgically removed kidneys were
routinely fixed in 10% phosphate-buffered formalde-
hyde and embedded in paraffin according to standard
procedures. From each tumor two to five different re-
gions and adjacent normal kidney were embedded.
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Figure 1-Immunohistochemical demonstration of polysialic acid with the protein A-gold technique. Due to photochemical silver amplification of the gold
particle label, positive immunostaining is seen in black in all micrographs. a-Part of a strongly polysialic acid positive, monomorphous Wilms' tumor
(asterisk) and the adjacent negative sclerosing metanephric hamartoma with adenoma are shown. b-Section adjacent to A stained with H&E. a and b,
x30

Immunohistochemistry

Paraffin sections (5 ,u) mounted on glass slides were
deparaffinized and rehydrated. Before incubation
with antibodies the sections were covered with 0.5%
ovalbumin or 4% defatted milk powder dissolved in
phosphate-buffered saline (PBS) (10 mM phosphate
buffer, pH 7.2) for 5 minutes.

Immunoreactive sites for polysialic acid were de-
tected with the protein A-gold technique20'2' followed
by photochemical silver amplification22'23 as detailed
previously.3",4 Monoclonal anti-polysialic acid anti-
body was used at 500-fold dilution followed by 25 or
50 ,g/ml affinity-purified rabbit anti-mouse IgG, both
of them diluted with PBS containing either 1% BSA
and 0.075% Triton X-100 and Tween 20 or 2% defat-

-N.a

Figure 2a-Low-power micrograph showing part of a polysialic acid positive blastemal Wilms' tumor (asterisk) and an adjacent unstained sclerosing meta-
nephric hamartoma with adenoma. b-Detail (marked square 1 in a) from the peripheral region of the positive Wilms' tumor. c-Section adjacent to
b stained with H&E. In the hamartoma, a nest of polysialic acid positive cells exist (marked square 2 in a) that is shown at higher magnification in d. n-
Section adjacent to d stained with H&E. Note the numerous small tubules and immature glomeruli as well as psammom bodies (arrowhead) in the neighborhood
of the blastemal cells that are not stained for polysialic acid in d. a, x55; b-e, x100
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Figure 3a-Polysialic acid negative sclerosing metanephric hamartoma with adenoma. The adjacent normal kidney parenchyma is also not stained. b-
Section adjacent to a stained with H&E. The border between the hamartoma and the normal kidney parenchyma is indicated by arrowheads. a,b, x20

ted milk powder. Protein A-gold was used at OD525 nm
= 0.7 diluted with PBS containing 1% BSA and
0.075% Triton X-100 and Tween 20. Duration of
photochemical silver amplification was approxi-
mately 3 minutes. Finally, the sections were dehy-
drated through graded alcohol, cleared with xylene
and mounted with Canada balsam. Sometimes sec-
tions were stained with Kernechtrot after immuno-
staining.
The following specificity tests were performed: 1)

omission of the monoclonal antibody, 2) omission of
both primary and secondary antibody, 3) preabsorp-
tion of the monoclonal antibody with colominic acid
(Escherichia coli KI capsular polysaccharide com-
posed ofhomopolymers of a2,8 linked N-acetylneur-
aminic acid), 4) substitution of the monoclonal anti-
polysialic acid antibody by various unrelated mouse
monoclonal antibodies, and 5) digestion of tissue sec-
tions before immunolabeling with PK1A endosiali-
dase (I09 pfu/ml, 2 or 17 hours at 37 C) or with endo-
sialidase E (10 yg/ml for 40 minutes, or 50 or 200 ,ug/
ml for 20 minutes at 37 C).

Case Reports and Results

Case 1

Resected kidney from a 4.6-year-old girl containing
one tumor measuring approximately 10 cm in diame-
ter and two smaller tumors, 3.5 cm and 2.5 cm, which
were separated from each other and the large tu-
mor by normal-appearing kidney parenchyma, was
studied.

Histologically, the large tumor consisted of blas-
temal masses, sequestered by delicate fibrous septa,
showing moderate signs of differentiation in the form
of palisades. The entire tumor with the exception of
the septa was intensely positive for polysialic acid. In
subcapsular regions adjacent to the tumor a sclerosing
hamartoma with central adenomas and numerous
cystic lymphatics and psammoma bodies was found.
No immunostaining for polysialic acid was detectable
in these structures (Figure 1). A small region inside
this lesion, however, consisted of a nest of cells that
exhibited positive, albeit weak, cell surface staining
for polysialic acid (Figure 2a, d). These cells were rem-
iniscent of blastemal cells (Figure 2e). The adjacent
normal kidney tissue was immunohistochemically
negative for polysialic acid.
The tumor measuring 3.5 cm in diameter consisted

exclusively of strongly polysialic acid positive blastemal
masses that exhibited focal palisade formation. A scle-
rosing metanephric hamartoma with papillary adeno-
mas, small cysts lined by flat epithelium and numerous
psammoma bodies was found in its periphery and exhib-
ited no immunostaining for polysialic acid (Figure 3).
The third tumor was of biphasic character with

blastemal cell masses showing epithelial differentia-
tion, ie, palisade and tubule formation. All these
structures exhibited immunostaining for polysialic
acid. A sclerosing metanephric hamartoma with ade-
nomas found adjacent to it exhibited no immuno-
staining for polysialic acid.

Case 2
Resected kidney from a 1.5-year-old boy with a tu-

mor measuring 6 cm in diameter and two others, 3.5
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Figure 4a-Tnphasic Wilms' tumor exhibiting immunostaining for polysialic acid over the blastema, glomeruloid bodies and tubules.
tion showing positive blastema and negative stroma. a, X70; b, X300

cm and 1.5 cm, which were separated from each other
and the larger tumor by macroscopically normal-ap-
pearing kidney parenchyma was studied. A metastasis
was detected in a hilar lymph node.

Histologically, the large tumor exhibited the fea-
tures of a classical triphasic Wilms' tumor with in-
tensely polysialic acid positive blastemal masses.
Glomeruloid bodies and tubules were also positive
but showed considerable variability in intensity ofim-
munostaining. The stroma did not stain for polysialic
acid (Figure 4).
The larger of the two other tumors was histologi-

cally dominated by a papillary adenoma that was im-
munohistochemically negative for polysialic acid;
however, some microscopic foci ofpolysialic acid pos-
itive blastemal cells sometimes forming palisades ex-
isted within this adenoma (Figure 5). Glomeruloid
bodies occassionally were seen in sites that did not
stain for polysialic acid. In the vicinity of this ade-
noma, a predominantly sclerosing metanephric ha-
martoma that also contained small tubules and abor-
tive glomeruli was observed. None of these structures
was positive for polysialic acid; however, some micro-
scopical nests ofpolysialic acid positive blastemal cells
existed here. On examination of serial sections, a few
small adenomas, which were not stained for polysialic
acid, were found in this hamartoma. Examination of
subcapsular regions of the adjacent kidney tissue re-
vealed the presence of numerous immature and scle-
rosing glomeruli as well as a some foci ofmild intersti-
tial lymphocytic infiltrates. This region as well as the
normal-appearing adjacent cortex and medulla were
immunohistochemically negative for polysialic acid.

b-Higher magnifica-

The subcapsular tumor measuring 1.5 cm in diame-
ter exhibited triphasic character with strongly polysia-
lic acid positive blastemal nests as well as positive tu-
bules and glomeruloid bodies. The stroma exhibited
no immunostaining for polysialic acid. Adjacent to it,
a sclerosing metanephric hamartoma with a few,
small adenomas and cysts together with immature
glomeruli was found (Figure 6). The cuboidal cells lin-
ing the cysts exhibited immunostaining for polysialic
acid at varying degree (Figure 6a, b). Blastemal nests,
often composed ofonly a few cells, were positive (Fig-
ure 6c, d). No immunostaining for polysialic acid was
associated with the immature glomeruli and tubules
(Figure 6c), the adenomas (Figure 6b), and the
stroma. Inspection of subcapsular regions adjacent to
the lesion revealed the presence ofimmature, polysia-
lic acid-negative glomeruli.

Case 3

Resected kidney from a 3.75-year-old girl was stud-
ied. The kidney was almost completely replaced by
tumor masses. Tumor invasion ofblood vessels, ofthe
renal capsule and the adipose tissue was macroscopi-
cally evident.

Histologically, the entire tumor was composed of
polysialic acid positive blastema separated by delicate
not immunostained fibrous septa. Tumor invasion of
adjacent kidney tissue and renal veins often was ob-
served. Examination of the adjacent tissue revealed
fibrous thickening of the renal capsule and the pres-
ence of a simple tubular metanephric hamartoma
composed ofsmall tubules lined by cuboidal cells with
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Figure 5S-Part of an adenoma that dominated a sderosing metaneph-
ric hamartoma is seen, H&E. b-Polysialic add positive oells that
display considerable variation in intensity of immunostaining can be ob-
served in the central region of the adenoma. c-Cluster of densely
packed immunostained cells in the adenoma. a,b, x40; c, X90

~~ ~ ~ ~ ~ ~ ~ ~ .

hyperchromatic nuclei, a few abortive immature glo-
meruli, and occasionally microscopic blastemal cell
nests embedded in a fibrocollagenous matrix (Figure
7b). This lesion was separated from the Wilms' tumor
by normal tissue. Only the blastemal cell nests exhib-
ited weak immunostaining for polysialic acid,
whereas the tubules and immature glomeruli present
in the hamartoma were unstained (Figure 7a).

Case 4

Resected kidney from a 1.75-year-old boy contain-
ing a tumor approximately 6.5 cm in diameter and
numerous smaller, 1-2.5 cm tumors separated from
the larger tumor by normal-appearing kidney was
studied.

Histologically, the main tumor was a strongly poly-
sialic acid positive, monomorphous, undifferentiated
blastemal Wilms' tumor exhibiting focally epithelial
differentiations, ie, palisades and small tubules.

Investigation ofa tumor approximately 2 cm in di-
ameter revealed two characteristic components that
were so heavily interwoven that they seemed to repre-
sent a single entity. One component consisted ofpoly-
sialic acid-positive blastemal cell masses (Figure 8a).
The other component was represented by many broad
fibrocollagenous bands that contained groups ofsmall

tubules, immature glomeruli, and variably sized blas-
temal cell nests, all typical features ofa simple tubular
metanephric hamartoma (Figure 8b). Only the blas-
temal cell component and immature tubular cells
were positive for polysialic acid (Figure 8a).
Another small tumor represented similar albeit

slightly different features (Figure 9). It was composed
predominantly of structures characteristic ofa simple
tubular metanephric hamartoma in which blastemal
nests of variable size and shape were a prominent ele-
ment (Figure 10). This lesion as a whole formed a
well-demarcated nodule, however, although no sepa-
rating fibrous capsule existed at the border region to
normal kidney. Further, one internal, purely blas-
temal mass exhibiting epithelial differentiations
formed a large, circumscribed nodule (Figures 9a and
lOc, d). All blastemal elements were strongly positive
for polysialic acid. The tubules and immature glomer-
uli as well as the surrounding normal kidney were not
stained.

Case 5

Resected kidney from a 1.75-year-old boy with a
large tumor mass and two 2.5 and 1.5 cm subcapsular
tumors was studied.

Vol. 133 * No. 3
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Figure 7a-Portion of a simple tubular metanephric hamartoma that exhibits small nests of polysialic acid positive blastemal cells (arrows). Tubules (arrow-
heads) and immature glomeruli (open arrow) are not stained. b-Section adjacent to a stained with H&E. a,b, X85

Figure Sa-Part of a predominantly monomorphous blastemal Wilms' tumor in which the intimate relationship between large polysialic acid positive blastemal
cell masses and the simple tubular metanephric hamartoma can be appreciated. Some polysialic acid positive immature tubular cells are present in the
hamartoma (arrows). b-Section adjacent to a stained with H&E. a,b, X50

Vol. 133 * No. 3
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Figure 9-Two consecutive serial sections from a small subcapsular tumor. a-Immunostaining reveals that only a well-demarcated nodule contained in
the tumor and some smaller, irregularly shaped cell nests are positive for polysialic acid. Regions marked by rectangles are shown at higher magnification in
Figure 10. The remainder of the tumor is as unstained as the surrounding normal kidney parenchyma. b-Consecutive serial section to a stained with
H&E. a,b, x30

tained immature glomeruli. The nests of blastemal
cells were positive for polysialic acid (Figure 11 a);
however, the immature glomeruli were not immuno-
stained.

Discussion

The nephroblastomatosis complex in its various
morphologic forms is commonly considered to repre-
sent a dysontogenetic lesion ofthe infantile kidney in-
termediate between malformation and neoplasm. In
fact, clinicopathologic evidence suggests a potential
premalignant nature of these lesions giving rise to
Wilms' tumor.5-9 In the present study five Wilms' tu-
mors exhibiting intralobular or perilobular nephro-
blastomatosis complexes were immunohistochemi-
cally investigated for the presence of polysialic acid
with a monoclonal antibody recognizing the long-
chain form ofthis polyglycan characteristically found
on the weakly adhesive embryonic form ofthe neural
cell adhesion molecule NCAM. The rationale for this
study was our initial observation that such polysialic

acid units represented a developmentally regulated
antigen in differentiating rat and human kidney that
was no longer expressed after cessation of nephro-
genesis.'3"4 Subsequent studies on Wilms' tumor, in
which we observed reexpression of polysialic acid in
the various tumor elements, allowed the classification
of the polysialic acid as an onco-developmental anti-
gen.'4"15 We now find immunoreactivity for polysialic
acid in all investigated nephroblastomatosis com-
plexes. It should be stressed, however, that they all
were found in Wilms' tumor-bearing kidneys. Re-
gardless of the type of nephroblastomatosis complex
encountered, ie, renal nodular blastema, simple tubu-
lar metanephric hamartoma, sclerosing metanephric
hamartoma with adenomas or with incipient Wilms'
tumor, only the blastemal cell component exhibited
immunostaining for polysialic acid and occasionally
observed structures interpreted to represent aberrant
renal vesicles. The aggregates of blastemal cells were
always positive for polysialic acid regardless of their
size. Even the smallest blastemal nests could exhibit
intensity of immunostaining equivalent to that ob-
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Figure lOa-Detail 1 from Figure 9a showing an irregularly shaped nest of polysialic acid positive blastemal cells surrounded by unstained simple tubular
hamartoma. b-Consecutive serial section to a stained with H&E. c-Detail 2 from Figure 9a showing the periphery of the intensely stained nodule
that is composed of blastemal cells. The adjacent simple tubular metanephric hamartoma is polysialic acid negative. d-Consecutive serial section to c
stained with H&E. a,d, x58

served in an adjacent Wilms' tumor. Consequently, it
can be concluded that in nephroblastomatosis com-
plexes only these cells have retained a feature charac-
teristic of differentiation-competent blastemal cells
present in embryonic human kidney. Although primi-
tive tubules of S-shaped bodies or early capillary loop
stages during normal metanephros development in
embryonic human kidney and in Wilms' tumor were
found to be positive for polysialic acid, those present
in the nephroblastomatosis complexes were not posi-
tive. Obviously one has to wonder what biologic rele-
vance these observations bear on the genesis of
Wilms' tumor. Bove and McAdam5 24 speculated that

all nephroblastic tumors arise from nodular renal
blastema either directly or indirectly by way ofthe de-
velopment of a complex metanephric hamartoma.
They specifically considered proliferating blastemal
cells within a complex metanephric hamartoma as
remnants of nodular renal blastema from which the
hamartoma had derived. The present observation of
small, polysialic acid-positive blastemal cell aggre-
gates in simple tubular metanephric hamartoma that
may eventually proliferate, as does nodular renal blas-
tema, lends support to the speculation that Wilms' tu-
mor may primarily arise from both lesions. This is not
to exclude the possibility that the transforming poten-

Vol. 133oNo. 3
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tial of blastemal cells present in a nodular renal blas-
tema may be different from those in a metanephric
hamartoma. In view ofthe present observations how-
ever, it seems justified to assume that the cellular ori-

Figure Ia-Renal nodular blastema separated by normal kidney pa-
renchyma from of a triphasic polysialic acid positive Wilms' tumor. Only
the blastemal cell nests are positive for polysialic acid. The position of
two unstained immature glomeruli is indicated by arrows. They can be
easily appreciated in the H&E stained adjacent section (arrows) shown
in b. c-Large, weakly positive nodular renal blastema. d-Ad-
jacent serial section stained with H&E demonstrates the subcapsular
location of the lesion that is well demarkated from the surrounding nor-
mal kidney parenchyma. a,b, x25; c,d, x20

gin ofWilms' tumors is from blastemal cells irrespec-
tive of the type of nephroblastomatosis complex. Be-
cause the tubules and glomeruloid bodies present in
Wilms' tumor are positive for polysialic acid, in con-

AJP of December 1988
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trast to the one observed in metanephric hamartoma,
they might derive from malignant blastemal cells.
This assumption is further substantiated by the pres-
ence of polysialic acid-positive S-shaped bodies in
Wilms' tumor.'5
The persistence of cell surface polysialic acid in

blastemal cells of nephroblastomatosis complexes in
the kidney years after birth indicates that additional
events must take place to realize the malignant cell
phenotype, in accordance with the "two hit" theory of
carcinogenesis. 1,12 Wilms' tumor has been correlated
with the constitutional deletion ofchromosomal band
1 lpl 3.2425 It is important to note that chromosome
11 encodes several genes associated with growth, de-
velopment, and cancer,26 among them the NCAM
gene located on 11 q23.27 Specifically, the p15 and p13
regions encode growth factors, hormones, or both that
can stimulate cell proliferation, whereas the q 13 and
q23 regions are fragile sites thought to be associated
with cancer chromosome breakage. Insulinlike
growth factor-2, an embryonal mitogen, was located
on the 11p 14/15 band that coincides with the location
of the structural gene for insulin28'29 and is in the im-
mediate vicinity ofthe Wilms' tumor gene. Recent in-
vestigations have provided clear evidence for the ex-
pression of insulinlike growth factor-2 gene not only
in embryonic kidney but also in Wilms' tumor.29'30 It
was markedly increased relative to adult kidney in
both cases, however, the genes coding for insulinlike
growth factor- 1, insulin, and calcitonin, which are
also located on chromosome 11, were not expressed
in Wilms' tumor or in embryonic or normal adult kid-
ney.30 Furthermore, in the same study comparable
low levels of c-H-ras- 1 mRNA were found in normal
kidney and Wilms' tumor. Low levels of a-TGF
mRNA were present in some Wilms' tumors, but
none in embryonic kidney. Analysis of N-myc gene
levels in human kidney showed expression in embry-
onic but almost none in adult kidney and greatly en-
hanced expression in Wilms' tumor.3'-33 These results
indicate that a number ofmolecular mechanisms may
be important in the pathogenesis of Wilms' tumor.
Expression of proto-oncogenes, autocrine growth fac-
tors, and a cell adhesion molecule may provide the
basis for the selected persistence or expression ofa less
differentiated developmental state where growth regu-
lation is less stringent. Studies are now in progress to
investigate insulinlike growth factor-2 and N-myc
mRNA by in situ hybridization techniques in nephro-
blastomatosis complex compared with embryonic
kidney and Wilms' tumor.
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