
Abstract. Background/Aim: The association of Wilms’ tumor
(WT), papillary renal cell tumor (PRCT) and mucinous
tubular and spindle cell carcinoma (MTSCC) with embryonal
rests has already been documented, but the cellular origin of
metanephric adenoma (MA) is not yet known. The aim of this
study was to understand their developmental evolution and
find diagnostic markers. Materials and Methods: CD57,
KRT7, AMACR, SCEL, WT1 and CDH17 expression was
analysed by immunohistochemistry in the four types of tumors
and the associated pre-neoplastic lesions. Results:
Immunohistochemistry was able to differentiate WT, MA,
MTSCC and PRCT. A phenotypic correlation between MA
and perilobar nephrogenic rest associated with WT was
identified. Conclusion: Perilobar nephrogenic rest and MA
arise from differentiation arrested cells of the proximal
domain of the S-shape body. We propose that WT1, MA,
MTSCC and PRCT derive from different forms of maturation
arrested embryonal rests.

Metanephric adenoma (MA) is an epithelial tumor of the
kidney composed of small, uniform, embryonal-looking
cells, which are frequently seen in nephrogenic rests (NR)
associated with Wilms tumor (WT) (1). Initially it was
suggested that MA derives from persistent blastemal cells
(2). Following the first description several concepts were
published regarding its possible origin. It has been proposed,
that the more active malignant WT matures with time into
an inactive benign MA (3). Because MA may display a
papillary growth pattern and sometimes psammoma bodies,
which are characteristic for papillary renal cell tumor
(PRCT), it was considered to be a solid variant of PRCT (4).

PRCT is composed by solid, tubular and papillary structures
and display the whole spectrum of epithelial differentiation,
from small blastema-like cells towards more differentiated
epithelial cells. Another kidney tumor, mucinous tubular and
spindle cell carcinoma (MTSCC) may also contain small
cells growing in solid or papillary formations (5, 6). Because
of the latter growth pattern, it was proposed that MTSCC is
a variant of PRCT (7). 

The association of WT, MTSCC and PRCT with NR and
pre-neoplastic lesion (PNL) has already been documented,
but the origin of MA is not yet known (6, 8, 9). WT, MTSCC
and PRCT arise from not fully differentiated cells that may
explain their heterogeneous morphology and overlapping
phenotype, the latter leading in some cases to differential
diagnostic problem. Although the genetic analysis can
identify WT, MA, MTSCC and PRCT unequivocally, it does
not give information about their cellular origin (5, 6, 10-12).
Several antibodies have been proposed to identify WT, MA,
MTSCC and PRCT, even those with an overlapping
phenotype. It was reported that solid growing PRCT, a
mimicry of MA, is positive for KRT7 and AMACR,
epithelial predominant WT for WT1 and MA for WT1 and
CD57 antibodies (13-15). Recently, CDH17 has been added
to this panel as an MA-specific marker (16). 

The aim of this study was to establish the marker profile
of diagnostic importance for the abovementioned tumors by
using immunohistochemistry with WT1, CD57, AMACR,
KRT7, SCEL and CDH17 antibodies. Moreover, the
associated precursor lesions were analyzed to get an insight
into their cellular origin and natural history. 

Materials and Methods 

Tissue samples. Twelve tri- or biphasic WT including 4 with MA-
like areas, and 3 WT with blastemal predominant histological
pattern were included. Ten MAs, 9 MTSCCs and 76 papillary RCTs
including 18 cases with solid or solid-tubular growth pattern of
small “blue cells” were also subjected to immunohistochemistry. In
addition, 9 PLNR, 4 and 10 PNL associated with WT, MTSCC and
PRCC, respectively, were examined. Original paraffin blocks of 3
foetal and 3 adult kidneys, WT, MA, MTSCC, PLNR and PNL as
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well as a tissue microarray (TMA) containing multiple core biopsies
of 76 PRCT were used for this study. TMA was constructed by one
of the authors (GK) as described earlier (9). 

Immunohistochemistry. For IHC staining 4 µm sections placed onto
FLEX IHC microscope slides (DAKO, Glostrup, Denmark) were
dewaxed in xylene and rehydrated in graded ethanol. Antigen
retrieval was performed by boiling the slides in 10 µM sodium
citrate buffer, pH 6.0 in 2100-Retriever (Pick-Cell Laboratories,
Amsterdam, The Netherlands). Endogenous peroxidase activity and
nonspecific staining were blocked by incubation with 3% hydrogen
peroxide containing 1% normal horse serum for 10 min at room
temperature. Slides were then incubated overnight at 4˚C in moist
chamber with rabbit polyclonal anti- CDH17 antibody (NBP1-
31225, Novus Biologicals, Littleton, CO, USA) at the dilution of
1:500 and anti SCEL antibody (HPA040154, Sigma Aldrich,
Budapest, Hungary) at the dilution of 1:250. HRP conjugated anti-
rabbit secondary antibody (MACH4 Universal HRP-Polymer,
Biocare Medical, Concord, CA, USA) was applied for 30 minutes
and colour was developed using DAB substrate (DAKO). Tissue
sections were counterstained with Mayer's hematoxylin (DAKO)
and cover-slipped with Pertex (Medite GmbH, Burgdorf, Germany).
In negative controls, the primary antibody was omitted. 

Tissue sections were also stained with mouse monoclonal anti-
KRT7 antibody (OV-TL, M7018, DAKO) at the dilution 1:3000, rabbit
monoclonal anti-p504S/AMACR antibody (13H4, RM-9130-A,
Thermo-Scientific) at 1:150 dilution, mouse monoclonal anti CD57
antibody (NCL-NK1, Leica Novocastra) at 1:100 dilution, mouse
monoclonal anti-WT1 antibody (6F-H2, M3561, DAKO) at dilution
1:100, after antigen retrieval at pH6 and pH9, respectively. The IHC
was processed in a BOND-MAX Automated IHC/ISH Stainer (Leica
Biosystems) and the reaction was visualized by DAB (DAKO). The
results were evaluated by scoring as negative or positive, the latter
classified according to the percentage of positive cells.

Results and Discussion

Differentiation between WT, MA, MTSCC and PRCT and
their precursor lesion by immunohistochemistry. The
immune profile of tumors which are considered to be derived
from embryonal remnants (2, 6, 8, 9) is described. The result
of immunohistochemistry of tumors as well as the associated
precursor lesions are summarized in Table I. The B3GAT1
gene product CD57 has been proposed to be a reliable
marker for MA (13, 15). In our study not only MA but also
WT, MTSCC and PRCT showed a strong reaction with
CD57 antibody, albeit in different percentage of tumor cells.
The epithelial components of WTs with MA-like structures
have also displayed positive staining for CD57. Our findings
confirm the results of two other studies reporting CD57
positivity in MA, WT and PRCT as well (4, 17). The
positive CD57 staining in all types of tumor and their
precursor lesions exclude CD57 as marker for MA and for
its possible cellular origin. 

WT1, KRT7 and AMACR antibodies differentiated
between two groups of tumors and their precursor lesions
(Table I). The WT1 antibody showed a positive immune

reaction in 12 of 15 WT, in all perilobar nephrogenic rests
(PLNR) and MA. However, none of the 9 MTSCC, 76
PRCC and associated pre-neoplastic lesions (PNL) displayed
nuclear staining with WT1. MTSCC and PRCT as well as
their PNL were all positive for KRT7 and AMACR. Our data
are in line with previous observations showing that both
PRCT and MTSCC are positive for KRT7 and AMACR
whereas epithelial predominant WT and MA for WT1 (13,
15). Our study revealed that SCEL immunohistochemistry
can differentiate between MTSCC and PRCT and associated
PNL. Within the first group of tumors CDH17 antibody
differentiated between WT and MA. All but one MA but
none of the 15 WT expressed the CDH17 protein.
Surprisingly, each of the 9 PLNR associated with WT was
positive for CDH17 indicating an overlapping phenotype of
MA and PLNR (Table I). 

Expression of CDH17 in normal kidney. This unexpected
result prompted us to analyse the expression of CDH17 and
also the WT1 in developing kidneys. Foetal kidneys at
gestational age of 12 weeks showed a positive staining with
CDH17 only in parietal epithelium of Bowman’s capsule, but
not in the proximal tubules or other structures (Figure 1E).
Kidneys of 3-6 months old infants and adults were
completely negative. The WT1 was positive in cells of the
proximal compartments of the S-shape body, glomerular
podocytes and in some parietal cells of Bowman’s capsule
in kidneys of 12 weeks old foetus (Figure 1F). In infants and
adults, a strong nuclear positivity was seen in 50-70% of
podocytes. The expression of CDH17 in parietal cells of the
Bowman capsule was not expected because it is known to be
specifically expressed in gastrointestinal tract and tumors
arising from the digestive system including hepatocellular
carcinoma (18). CDH17 gene encodes a cadherin-like protein
with 7 extracellular cadherin domains and a transmembrane
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Table I. Immunohistochemistry of WT, MA, MTSCC, PRCT and
precursor lesions.

Antibodies            WT               MA         MTSCC                PRCT

                     PLNR        T                       PNL        T         PNL           T

CD57              9/9       15/15     10/10      4/4        7/9       10/10       56/76
WT-1              9/9       12/15     10/10      0/4        0/9        0/10         0/76
CDH17           9/9        0/15       9/10       0/4        0/9        0/10         2/76
KRT7              0/9        0/15       0/10       3/4        6/9        7/10        57/76
AMACR         0/9        0/15       0/10       2/4        8/9        7/10        74/76
SCEL              0/9        0/15       0/10       0/4        0/9        7/10        57/76

WT: Wilms tumor; PLNR: perilobar nephrogenic rest; T: tumor; MA:
metanephric adenoma; MTSCC: mucinous tubular and spindle cell
carcinoma; PNL: pre-neoplastic lesion; PRCT: papillary renal cell tumor.



region but has no conserved cytoplasmic domain. It has a
structural similarity to CDH16, a kidney-specific cadherin,
but no expression of CDH17 was seen in adult kidneys.

Metanephric adenoma arises from perilobar nephrogenic
rest. Termination of nephrogenesis and differentiation of
specialized cell types along the nephron is a well-coordinated
molecular process controlled by several genes (19). By the
S-shaped body stage, expression of WT1 is seen in proximal

domain, where there is a distinct separation of cellular
morphology between those cells fated to be podocytes and
those forming parietal epithelial cells of Bowman’s capsule
(20). The impaired differentiation of cells of the proximal
domain may lead to the development of PL-NR, expressing
WT1 and CDH17 (Figure 1C and D), and subsequently to
the development of MA. The observation that CDH17 is
expressed in PL-NR and MA and in parietal cells of the
Bowman’s capsule exclusively in foetal kidneys strengthens
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Figure 1. Immunohistochemistry of CDH17 and WT1. (A) Positive staining with anti-CDH17 antibody in a tubular growing metanephric adenoma.
(B) Strong CDH17 immune-reaction in a MA with papillary structures. (C) Expression of CDH17 antibody in tubular growing perilobar nephrogenic
rest and (D) WT1-positive staining in a perilobar nephrogenic rests both associated with Wilms tumor. (E) Positive immunoreaction with anti-
CDH17 antibody in the parietal epithelium of the Bowman capsule in foetal kidney (arrow). (F) Strong positive staining with the WT1 antibody in
the podocytes and parietal cells of the Bowman capsule in a foetal kidney (arrows).



this suggestion (Figure 1A-C, E). The development of
diffuse tubular adenomas replacing both kidneys after a first
trimester suicide attempt with aspirin also suggests that
diffuse maturation arrest may lead to this alteration (21).
“Embryonal hyperplasia of the Bowman capsular
epithelium” (EHBCE) was observed in an infant with germ
line WT1 mutations having progressive kidney failure (22).
Association of EHBCE with MA has also been reported (23).
Hughson et al. observed EHBCE in end stage kidney, which
developed during remodelling of kidney structures in adults
and therefore, cannot be originated from impaired cellular
differentiation during nephron development (24). The
presence of CD24- and CD133-positive cells in the
epithelium of Bowman’s capsule suggests that these cells
retain their plasticity throughout life and they may be the
source of regeneration of podocytes and also of EHBCE in
end stage kidneys of adults (25, 26). 

Conclusion 

In this study, immunohistochemistry revealed that different
types of embryonal rest may occur. WT is known to be
associated with IL-NR and PL-NR. IL-NR is arising due to
differentiation arrest at earliest stage of nephron development
and has potential to develop different mesenchymal and
epithelial structures such as blastemal, stromal and epithelial
cells of distinct cellular lineages characteristic for tri- or bi-
phasic WT (8). The PL-NR, however, corresponds to
impaired differentiation of primitive epithelial cells at a
narrow window of epithelial differentiation, shows a slow
but continuous growth and may evolve to MA. Within a PL-
NR, hyperplastic lesions (HP-NR) may develop sometimes
leading to epithelial form of WT (8). The pre-neoplastic
lesions (PNL) associated with MTSCC and PRCT arise after
completing the mesenchymal-to-epithelial transition and
therefore their potential is limited exclusively to
development of epithelial lesions (Figure 2). 

One of the novel findings of our study is the
documentation that, in spite of earlier suggestion (4), MA
and PRCT are distinct entities derived from different
precursors at different developmental stages of embryonal
kidney. Another novel finding is the demonstration of a
phenotypic correlation between PL-NR and MA suggesting
their common origin from differentiation arrested cells of
the proximal domain of S-shape body fated to form the
parietal cells of the Bowman’s capsule. The finding that all
WT including those with MA-like structures were negative
for CDH17 antibody staining excludes the possibility that
MA is the hyper differentiated benign end of WT spectrum.
The specificity of CDH17 staining in the diagnosis of MA
was confirmed and was shown that WT1, CDH17, AMACR,
KRT7 and SCEL immunohistochemistry can differentiate
WT, MA, MTSCC and PRCC. We propose that WT1, MA,
MTSCC and PRCC derive from different types of
embryonal rest.
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