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Abstract The Wilms’ tumour (WT) is composed of blas-
tema, epithelium and mesenchyme; the epithelium and
possibly also the mesenchyme develop from the blas-
tema, parallel to embryonal development. Since interac-
tions between cell adhesion receptors and extracellular
matrix (ECM) proteins play an important role in tissue
maturation, we examined the expression of the integrin
subunits o1-a6, B1 and B4, and of the ECM proteins
fibronectin, laminin and collagen I and IV, in 20 frozen
WT samples and in 5 fetal and 2 adult kidneys. The inte-
grin and ECM protein distribution in tumour epithelium
and mesenchyme showed strong similarities to that in
their fetal counterparts, whereas the tumour blastema
differed strongly from the fetal blastema. In the WT
blastema different components were recognized. Undif-
ferentiated blastema, characterized by expression of o3
and a6 and the virtual absence of ECM proteins.
Blastema with epithelial commitment, showing increased
expression of &3 and o6 and the appearance of o2 and,
as a very early phenomenon, production of laminin.
Blastema with mesenchymal commitment, with loss of
03 and o6 and expression of al, a4 and o5 and pres-
ence of ECM proteins. It is speculated that the inability
of the (undifferentiated) blastema to produce ECM pro-
teins is related to its relatively high metastatic potential
when compared with epithelium and mesenchyme.
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Introduction

Wilms’ tumour (WT) or nephroblastoma is the most fre-
quent renal malignancy in children [8]. The classical WT
consists of three components: blastema, epithelium and
mesenchyme, although biphasic and even monophasic tu-
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mours are also seen {2, 4, 7). It has been suggested that
WT recapitulate normal developmental events in the kid-
ney, and that blastema differentiates into epithelium and
mesenchyme [6]. It is known that cell-matrix interactions
play an important role in normal development as well as
in tumour invasion and metastasis [18, 25, 34, 40, 41] and
these interactions are mediated by adhesion receptors, to
a large extent by the family of integrins. Integrins are
formed by various combinations of ¢- and f-subunits,
which in turn are able to interact with various ligands
(Table 1). The intracytoplasmic part of the integrin mole-
cules is connected to the cytoskeleton, forming a bridge
between extracellular and intracellular compartments [42].
In this way the function of integrins extends beyond ad-
hesion, as it has been demonstrated that they transduce
signals from the ECM, to regulate cellular activities such
as differentiation and migration [10, 18, 33, 42].

In view of the parallels between WTs and normal de-
velopment it is of interest to compare the distribution of
integrins and their ligands in the WT with that in normal
fetal and adult renal tissue. This prompted us to perform
an immunohistochemical study of the integrin subunits
ol-o6 and B1 and B4 in 20 WTs, with emphasis on their
expression in the different tumour components. The dis-

Table 1 Integrins and their ligands (Coll, collagen; LM laminin; FN,
fibronectin; FN alt., alternatively spliced CS-1 region in fibronec-
tin; VCAM, vascular cell adhesion molecule; BM, basement mem-
brane)

Integrins Ligands

o181 Coll.L, Coll.1V, LM
a2pl Coll], Coll.1V, LM, FN
o351 Coll.I, LM, FN

o4p1 FN alt., VCAM-1
o4p7 FN alt., VCAM-12
o561 FN

aoBl LM

64 BM

a2 The specificity of this receptor is not yet clear. References used:
[18, 34]
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tribution of integrin subunits within fetal and adult kidney
has been studied previously {20, 32, 411, but the results in
these studies were not consistent. We therefore included
5 fetal and 2 adult kidneys, using the same antibodies and
titres as used on WT tissue. The distribution of the ECM-
proteins fibronectin (FN), laminin (LM), collagen (Coll.)
I and TV was studied in the same samples. From our ini-
tial results we suspected that LM participated early in the
process of epithelial differentiation in WT, as in normal
epithelial differentiation [17, 23, 39]. To verify this no-
tion we performed a double-staining using antibodies to
LM and an early epithelial marker (Moc-31) [2].

Materials and methods

Surgically resected WT specimens were received from 20 patients
ranging in age from 7 to 141 months (median 56 months). Seven-
teen specimens were taken from primary, untreated WTs and one
from a synchronous metastasis in Douglas’ pouch. Two samples, a
metachronous lung metastasis and a recurrent WT were from pa-
tients previously treated chemotherapeutically. Five specimens from
normal fetal kidney (17, 28, 33, 35 and 40 weeks post-menstrual
age, respectively) and 2 specimens from normal adult kidney (56
and 74 years of age) were obtained from autopsies performed in
cases without kidney disease. The collected tissue samples were
all snap frozen in either freon or isopentane and stored at —80° C
until further vse.

Haematoxylin-eosin stained frozen tumour sections were anal-
ysed for the presence of blastemal, epithelial and mesenchymal
components as defined by Bennington and Beckwith [7] and
Beckwith and Palmer [5]. Only clearcut tubular formations with a
central lumen were considered to be epithelial. Areas composed of
loosely arranged spindle cells, of which the ratio of the length to
diameter of the nucleus exceeded 3:1, were considered to be me-
senchymal [5].

The antibodies used in the current study are listed in Table 2.

A two- and a three-step immunoperoxidase technique was per-
formed on 4 U frozen sections of all collected material. The two-

Table 2 Characteristics of antibodies (Tsc, T-cell science, Cam-
bridge; CLB, Central Laboratory of the Netherlands red cross
blood transfusion service, Amsterdam; ATTC, American Type Cul-
ture Collection; T, Telios, San Diego; UBI, Upstate Biotechnology,
Inc., Lake Placid; M, Monosan, Uden, The Netherlands; L, de Ley,
Groningen. [12]; SBA, Southern Biotechnology Associates, Bir-
mingham, Alabama; C, Cedarlane, Hornby, Ontario; /nt, Integrin

Source Reactivity Generated Dilution
Monoclonal
TS 2/7 Tes o1-subunit  Mouse 1:5000
CLB-tromb/4 CLB a2-subunit  Mouse 1:500
P1B5 T a3-subunit  Mouse 1:2000
B5G10 UBI od-subunit  Mouse 1:5000
VLA-5 (CD4%) M o5-subunit  Mouse 1:500
GoH3 CLB o6-subunit  Rat undiluted
TS 2/16 ATTC  pBl-subunit Mouse 1:5000
3E1 T P4-subunit  Mouse 1:5000
anti-FNa2 T Fibronectin  Mouse 1:5000
Moc-31 L epithelia Mouse undiluted
Polyclonal
anti-LM T Laminin Rabbit 1:500
anti-Coll.I SBA Collagen [ Goat 1:100
anti-Coll.IV SBA Collagen IV Goat 1:1000

(301

Table 3 Schematic representation of subsequent steps in a two-
and three-step immunoperoxidase technique. (ab, Antibody; RAM,
rabbit-anti-mouse; RAR, rabbit-anti-rat; RAG, rabbit-anti-goat; SAR,
swine-anti-rabbit; PO, peroxidase. All peroxidase-conjugated anti-
bodies were obtained from Dakopatts, Copenhagen, Denmark, Di-
lutions used, are given in parentheses)

Abs used in third
incubation step

Abs used in second
incubation step

Ab raised in

Mouse RAM-PO (1:50) SAR-PO (1:50)
Rat RAR-PO (1:50) SAR-PO (1:50)
Goat RAG-PO (1:50) SAR-PO (1:50)
Rabbit SAR-PO (1:20) -

step technique was used when the specific antibodies were raised
in rabbit (polyclonal), the three-step when raised in mouse, rat
(both monoclonal) or goat (polyclonal). In the first step the sec-
tions were incubated with 50 1 of a specific antibody for 60 min.
The subsequent steps are represented schematically in Table 3. In
these steps each section was incubated with 50 pul of horseradish-
peroxidase-conjugated immunoglobulin antibody solution (Dakop-
atts, Copenhagen, Denmark), supplemented with 1% human AB-
serum, for 30 min. 3-Amino-9-ethylcarbazole (Sigma, St. Louis,
Mo., USA), was used as a substrate for the demonstration of per-
oxidase activity. All sections were counterstained with haemato-
xylin.

A double-staining technique was employed on sections of spe-
cimens from three WTs, using anti-LM and Moc-31. Here, four
separate incubation steps had to be performed, i.e. anti-LM (50 ul,
1:500, 60 min), swine-anti-rabbit peroxidase immunoglobin Abs
(50 pl, 1:20, 30 min; Dakopatts), Moc-31 (50 ul, undiluted, 30
min), rabbit-anti-mouse alkaline phosphatase immunoglobin Abs
(50 l, 1:20, 15 min; Dakopaits). Alkaline phosphatase activity,
visualizing Moc-31, was demonstrated as described previously
[16].

Results

In the haematoxylin-eosin stained sections, we were able
to identify blastemal components in 19 tumours, me-
senchymal components in 10 and epithelial components
in 8. We further observed areas in the blastema that had
lost the typical appearance of this component. In these
areas, we identified either primitive epithelial structures,
characterized by cells with larger nuclei forming solid
nests or rosettes, but without clearcut tubules, or loosely
organized blastemal cells, that appeared somewhat elon-
gated though spindle shaped cells could not be identi-
fied. As these areas could not be characterized unequivo-
cally as epithelium or mesenchyme, we defined them as
blastema with an epithelioid, or mesenchymal aspect, re-
spectively (Fig. 1, 3d; cf. also [2].

In the fetal specimens we were able to identify a blas-
temal component in three cases, with menstrual ages of
17, 28 and 33 weeks, respectively.

The most prominent integrin subunit expressed in the
blastemal component (Fig. 2) was o6 (Fig. 3a); the a3
subunit was expressed throughout the blastema as well
(Fig. 3b). The staining intensity of ¢6 and &3 tended to
be less in blastemal areas with a mesenchymal aspect,
whereas especially a6 was stronger in areas with an
epithelioid aspect.



Fig. 1 Undifferentiated blastema (/), blastema with a mesenchy-
mal aspect (2), mesenchyme (3) and blastema with an epithelioid
aspect (4). H & E stained frozen section (x140)

In contrast to the &3 and a6 subunits, the a1, o2, o4
and o5 subunits were expressed only to a limited extent.
The integrin subunits a1, a4 and o5, were primarily
demonstrated in blastemal areas with a mesenchymal as-
pect, whereas o2 was primarily expressed in blastema
with an epithelioid aspect.

The epithelial cells expressed a6 in an even stronger
fashion than the blastemal cells. The immunoreactivity
was localized at the cell surface and was generally more
prominent at the basal side. The epithelial structures
expressed o2 and o3 integrin subunits as well, but no
ol, o4 or a5 subunits. The ¢2 integrin subunit was
expressed by only a minority of the tubules, which ap-
peared small as compared to the o2-negative tubules.
Expression of the a3 subunit was seen in both smaller
and larger tubules.

The pattern of expression of integrin subunits in the
mesenchyme was largely complementary to that in the
epithelial structures. Thus, al, o4 and o5 were ex-
pressed by almost all mesenchymal cells. The number of
positive cells for a2, o3 and a6 ranged from less than
10% to nearly a 100%. The staining intensity was usual-
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Each square represents the blastema within one Wilms' tumor.
O : no staining, § : weak staining, W : moderate to strong
staining.

Fig. 2 Summary of the findings of the ¢ subunits in WT blastema,
indicating the intensity and the approximate percentage of immu-
noreactive cells

ly weak, though moderate and sometimes even strong
expression was seen.

The Bl-integrin subunit was observed throughout all
three tumour components. It was especially prominent at
the basal side of epithelial structures. The S4-integrin
subunit was only found at the basal side of some epithe-
lial structures.

FN and Coll.I were abundantly present in the me-
senchymal component. In some cases they were also
present at the basal side of tubules. In the undifferentiat-
ed blastemal areas FN distribution was limited and dis-
played a very irregular and fragmented pattern (Fig. 3c),
whereas in those blastemal areas with a mesenchymal
aspect a more diffuse staining pattern was observed.
Coll.I was only seen in blastemal areas with a mesenchy-
mal aspect, though not as prominently as FN.

The basal membrane protein LM was strongly ex-
pressed around tubules. In 3 cases up to approximately
60% of the blastemal component was also immunoreac-
tive. In 3 other cases LM was distributed in blastema in
a circular configuration, similar to that seen around
epithelial structures, though morphologically no epitheli-
al differentiation could be recognized. The double-stain-
ing in these three cases showed that Moc-31 and LM
were largely present in the same areas, but not all cells
enclosed by LM were Moc-31 positive (Fig. 3d). In the
mesenchyme, LM expression varied in intensity and was
strongest in the most differentiated areas.

Like LM, Coll. IV was seen in the basal membrane of
tubules and to some extent also in the mesenchyme. In
the blastema only some irregular or fragmented Coll. IV
expression was seen.

The results of integrin expression in fetal and adult
kidneys are represented in Table 4 and illustrated in
Fig. 3e, f.
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Fig. 3a-d Wilms’ tumour; (a) TR AR R R SN LRy 2 b by oy
immunoperoxidase staining for S 1% ¥ AL pUE R g #‘ 4 “%‘%
o6 in the blastemal component = s W O T o
(X224). (b) Immunoperoxidase
staining for o3 in the blastemal
component (), with negative
mesenchyme (m) (x224). (¢)
Immunoperoxidase staining for
fibronectin showing a frag-
mented reaction pattern in the
undifferentiated blastema (u)
and a stronger reaction pattern
in the mesenchyme (arrows;
%x140). (d) Double-staining for
laminin (peroxidase) and Moc-
31 (alkaline phosphatase)
showing two tubules (r) with
cellular immunoreactivity for
Moc-31 (+), surrounded by la-
minin positive matrix (arrows).
An adjacent undifferentiated
blastemal area (i) shows a cir-
cular pattern of laminin immu-
noreactivity, whereas only a
part of the enclosed cells is im-
munoreactive for Moc-31
(x224). (e) and (f) Fetal tissue;
(e) immunoperoxidase staining
for o6 in primitive tubules and
an S-shaped body (s), with neg-
ative blastema (b) (X224); (f)
o2 immunoperoxidase staining
detected at distal (), but not
proximal tubules (p)

LM and Coll.IV were detected at the basal side of
the tubular structures in fetal and adult kidney. FN and
Coll. I were present in the uninduced blastema and in the The current study compared the distribution of integrin
interstitium. FN was located at the basal side of imma- subunits and ECM proteins in the different components
ture epithelial structures, whereas in the more mature of the WT to that in normal fetal and adult kidney. In a
structures, expression could no longer be detected. study like this it is not feasible to take into account all

Discussion
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Table 4 The distribution of integrin subunits within fetal and adult kidney tissue (fe.tal/adult kidnf:y), (unind.bl_., uninduced blastema; pr,
primary; s-shap., s-shaped; coll., collecting; interst., interstitium; w, weak; * not applicable; +, positive; —, negative; £, some cells positive,

some negative)

B1 B4 ol o2 o3 o4 oS o6
unind.bl. +/* —~/* w/* —/* —/* +/* /* —~[*
pr.vesicle /% ~/% —/* "% wiE —/% —/% H*
s-sh.body +/* ~/* —/* +/* wi* —/* —/* w/k
glomerulus

visceral —[+ ~/— —~/— —/— —Iw —/— —/— /-

parietal ++ ~/— ~/~ —/— ++ —/— —/- /it

mesangial ++ ~/- wi+ +w t/+ —/- +/+ /t+
tubules?

proximal ++ ~/— ~/— ~/- —— /- /- +-+

distal ++ —f— ~/— ++ +/+ /- /- ++
coll.ducts +4+ ++ ~/— ++ +/+ —/- —f— +/+
interst. ++ —/— ~/— ~/— —/— —/- ++ /-

a Integrin expression was primarily located at the basal side, especially in the more mature tubules

different isoforms of the various ECM proteins [29, 37]
and therefore we used polyclonal antibodies, except for
EFN. In general, the epithelial and mesenchymal compo-
nents of the WT resembled their fetal and adult counter-
parts in respect to their expression of integrins as well as
their ECM protein production. The differentiated epithe-
lial structures of the WT expressed a6, o3 and to some
extent 2, similar to the fetal and adult kidney. However,
when compared with normal fetal and adult renal tissue,
integrin expression by the tubular structures of the WT
showed less polarisation (see [41]), parallel to previous
observations in normal and neoplastic epithelium of the
breast [24]. The expression of LM, Coll. IV and FN at
the basal side of tubular structures of the WT is also sim-
ilar to that seen in normal fetal and adult renal tissue
[1,9, 13, 14] and indicates a high level of differentiation
in this tumour component. This may explain why WTs

WT blastema with small tubules large tubules
epithelioid aspect gg
undifferentiated a2 ++ a2 4+ a2 -
WT blastema a3 +/++ a3 +/++ a3 4+ +
@ a6 ++ ag  ++ a6 4+
—
al -
a2 -
a3 +/++
ad - WT blastema with mesenchyme
as - mesenchymal aspect
a6 +/++ A g -
o002 —
9] -
fetal blastema -
al 44+ at ++
a4 +/++ ad  ++
al + a5 +/++ a5 t+
a2 -
a3 -
ad +/++

a5 +/-
ab -

Fig. 4 Diagram summarizing the major findings of ¢ subunits of
integrins in the different components of the Wilms’ tumour, indi-
cating the differentiation into epithelial and mesenchymal struc-
tures. For comparison the fetal blastema is represented as well

with a large epithelial component are associated with
good survival [3, 15, 19, 22]. In the mesenchyme of the
WT, the al, a4 and a5 integrin subunits were markedly
expressed, which, with the exception of a4, were ex-
pressed in the interstitium of the fetal and adult kidney as
well. In both tumour and normal mesenchyme FN and
Coll. I were abundant.

The tumour and fetal blastema differed in their inte-
grin expression as well as in their distribution of ECM-
proteins. The undifferentiated neoplastic blastema ex-
pressed 3 and o6 integrin subunits and as reported
earlier [36] virtually no ECM proteins. The uninduced
fetal blastema expressed a1, o4 and to some extent o5
integrin subunits, but in contrast to the findings by Terpe
etal. [41], no a6. As in earlier reports [13, 28], the
uninduced blastema also showed FN and Coll.I. During
normal development the blastema is assumed to be the
germinal matrix with gradually gives rise to epithelial
and mesenchymal components. In parallel, the WT blas-
tema may have the potential to differentiate into epithe-
lial and mesenchymal structures. A morphological tran-
sition between undifferentiated blastema and epithelium
and, less clearly, mesenchyme can be observed and pre-
vious immunohistochemical findings have indicated that
the expression of early epithelial markers in WT blas-
tema precedes morphological epithelial differentiation
[2]. The current findings extend this notion and indicate
a gradual change in integrin expression and ECM pro-
duction with progressive epithelial and mesenchymal
differentiation (Fig. 4). Progressive epithelial differenti-
ation was associated with increased expression of o3
and o6 and the appearance of 2. The focal, circular
distribution of I.M in the blastema suggests that in the
WT this ECM protein is an early manifestation of epi-
thelial differentiation (see also [21b]). The double stain-
ings, using an early epithelial marker (Moc-31) together
with a polyclonal antibody to LM, suggest that the pro-
duction of LM is in fact the first step in epithelial differ-
entiation and precedes morphological differentiation and
even expression of Moc-31. During epithelial differen-
tiation in normal renal development the integrins are
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thought to interact with ECM proteins [21a, 39] and it
seems that a similar phenomenon occurs in the neoplas-
tic blastema. In this respect, the current findings suggest
that the LM production characterizes the switch from
undifferentiated blastema to “epithelially committed”
blastema. The mesenchyme differed from blastema by
the absence of o3 and o6 integrin subunits and in-
creased expression of al, o4 and o5 as well as ECM
production. Despite the above described epithelial and
mesenchymal commitment of blastema components it is
unlikely that all neoplastic blastema has the potential for
further differentiation. It may be assumed that an un-
differentiated, non-committed component remains at a
stem cell level, which according to the present findings,
is characterized by expression of @3 and a6 integrin
subunits and the virtual absence of ECM proteins. Al-
though we cannot state with certainty that no isoform
of FN was expressed by WT blastema, the absence of
all ECM proteins in the fetal blastema contrasts sharp-
ly with normal blastema, which showed both FN and
Coll. 1. This is in keeping with previous studies which
have documented the incomplete production of ECM by
malignant tumours compared with their normal counter-
parts [11, 34]. Some authors have speculated that the
lack of ECM gives the tumour cells an added degree of
freedom [31, 34] resulting in the potential to invade and
metastasize. However, it has also been suggested that
the altered expression of adhesion proteins by malignant
tumour cells may be more important than the loss of
ECM, as migrating tumour cells still have to penetrate
the normal matrix secreted by neighbouring cells [31].
In this respect, the presence of &3 and a6 in the blas-
tema is of special interest, as it enables cells to interact
with interstitial and basal membrane proteins (FN and
LM) a factor thought to be important in the process of
haematogenous metastasis [11, 24, 35]. Either way, the
absence of ECM production supports the malignant
character of the undifferentiated blastema.

The current findings suggest that the WT blastema is
composed of undifferentiated and epithelially or me-
senchymally committed components, a composition re-
miniscent of that of other pediatric neoplasms [26, 27].
The switch from undifferentiated to epithelially com-
mitted WT blastema appears to be associated with
the initiation of production of LM. Among the WT
components the blastema is more likely to metastasize
than the epithelium and mesenchyme [3, 19, 38, 43]. It
is tempting to assume that it is especially the undiffer-
entiated component which displays this relatively ag-
gressive biological behaviour, which in turn may be
related to the inability of these cells to produce ECM
proteins.
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