






HUMAN SARCOMATOUS WILMS' TUMOR LINES

Fig. 2. Transplanted MRTK and US lines
in nude mice. A, typical rhabdoid appearance
is seen in CR-SW1, MRTK line, at 17th pas
sage (H & E, X280); B, cytoplasmic whorled
intermediate filaments are noted in a CR-SW1
cell (XI 0,000); C CR-SW2, US line, at 12th
passage, consists of primitive neoplastic cells
(H & E, x280); D, electron micrograph of a
CR-SW2 cell shows a translucent cytoplasm
containing poorly developed organdies
(X6.400).
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and stremai elements (Table 3). This distinct distribution in
NBW was quite comparable to that of fetal kidney.

When the expression of CD24, recognized by BA-1, was
studied, it was found that CD24 was totally negative in all
samples from CCSK, MRTK, and US. However, it was positive
on blastema! and epithelial components with the exception of
glomerular epithelia in human fetal kidney (Table 3) (15).

Western Blotting of Cytokeratin. The results of immunohis-
tochemical analyses suggest that the appearance of cytokeratin

in CCSK tumor lines might be related to the morphological
alternation to epithelioid nature. In order to clarify this point,
cytokeratin species in CCSK and MRTK tumor lines were
studied and were compared with those in NBW. As shown in
Fig. 5, CCSK tumor lines, both heterotransplantable (CR-SW5)
and in vitro (NCR-W1 and W3), had M, 52,000 and 40,000
cytokeratins which correspond to cytokeratins 8 and 19, re
spectively. Weak but similar expression was also found in other
CCSK lines. Quite interestingly, identical cytokeratin species

Table 2 Newly established SUT cell lines in vitro

Cases1

2
3
4
5
6
7
8SubtypesCCSK

CCSK
CCSK
CCSK
CCSK
MRTK
MRTK
USName

of
linesNCR-W1

NCR-W3NEC

NE
NCR-W5

NE
NCR-W4
NCR-W2Passages308

1735792263Doubling

time(h)u60.4

18.138.626.527.3Chromosome

number
(Mode)Tumorigenicity''43-48

(45) +
44-49 (46)+44-48

(46)+89-93(91)

+
43-47 (45) +

" Mean. Three flasks were seeded for determination of doubling time.
* 1 X IO7cells were s.c. injected into the back of nude mice. Number of mice examined were six to eight.
c NE, not established.
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Fig. 3. Electron micrographs of CCSK and
MRTK cell lines in vitro A, an NCR-WI
(CCSK) cell has well-developed microvilli and
intermediate filaments (xÃ³.250): B. twisted
sheaves of filaments resembling tonofilaments
of an NCR-WI cell (X14.000); C an NCR-
W4 (MRTK) cell contains intracytoplasmic
whorled filamentous structures (X6.250); D,
an NCR-W4 cell contains tightly packed fila
ments measuring 4-6 nm in diameter
(XI 8,000).
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were found in the heterotransplantable NBW line, OW, (16).
On the other hand, in MRTK line (CR-SW1), only one cyto-
keratin band with a molecular weight of 45,000, cytokeratin
18, was identified. No cytokeratin band was detectable in US
line (CR-SW2).

DISCUSSION

SWTs were originally presented by Beckwith et al. as being
possibly sarcomatous variants of Wilms' tumor because some

of these, for example, contained epithelial elements differing

from prÃ©existentnephrons (1). However, by subsequent study,
it had become apparent that these tumors should be viewed
better as separate neoplastic entity from Wilms' tumors (2-4).

The reason why we use the term SWT in this study is that their
origins are entirely unknown and the exact relationship between
SWT and NBW has not been made clear.

The histogenesis of NBW has well been documented includ
ing our own study (15). Our recent study clearly indicated that
NBW contains a capability of differentiation comparable to
that involved in fetal metanephric tissue, thus suggesting its
metanephric origin. However, the histogenesis of SWT is still

Table 3 Immunohistochemical results

Cytokeratin
Vimentin
CD24 (BA-1)CCSK

MRTKPÂ°

CP/C-t-

+ +US

NBW FetalkidneyP/C

B E S M T GS-

1 + - t + - -

" The abbreviations used are: P, primary surgically resected tumors; C, cell lines heterotransplantable in nude mice or in vitro; P/C. both primary tumors and cell

lines; B. blastema! elements; E, epithelial elements; S, stromal elements; M. metanephric blastema! cells; T. tubular structures of immature nephrons; G, immature
glomeruli; S. stromal cells.
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Fig. 4. Immunohistochemical staining of
cytokeratin and vimentin on 23-week fetal kid
ney (A, B) and in vitro cell CCSK line. NCR-
Wl (C, D). A, cytokeratin exists on tubular
structures and its stainability is decreased dur
ing glomerular (6") differentiation from lower
limbs of S-bodies (L) (X 220). B. vimentin
exists on metanephric blastemas, stromas. and
immature and mature glomeruli (G). Note
coexpression of cytokeratin and vimentin (ar
row) on lower limbs of S-bodies (/.) (x 220).
C. some CCSK cells are positive for cytokera
tin (x 280). D. these cells are also positive for
vimentin (x280).
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Fig. 5. Western blotting analysis of cytokeratin on SWT and NBW cells,
Â¿Ã¢nes/, J, 5, 7, 9, //. anticytokeratin antibody MAK6; lanes 2, 4, 6, 8, IO, 12.
anticytokertain antibody K8ÃŒ13.Cytokeratin 8 (M, 52.000) and 19 (M, 40,000)
are identified in CCSK cell lines, both in vitro (lanes I, 2, NCR-W1; lanes 3, 4.
NCR-W3) and heterotransplantable (lanes 5, 6. CR-SW5). On the other hand,
cytokeratin 18 (M, 45.000) is identified in heterotransplanted MRTK line (lanes
7,8, CR-S WI ) and no cytokeratin band is detected in heterotransplanted US line
(lanes 9, 10, CR-SW2). Cytokeratins 8 and 19 are also identified in heterotrans
planted NBW line (lanes II, 12, OW,).

entirely controversial. The aim of this study is to establish
biological property included in SWTs and to exploit their
histogenesis.

Analyses on biological characteristics of SWT cells in vitro
or in vivo have been restricted due to the limited number of
available cell lines (22-24). Our study utilizing newly estab
lished cell lines, heterotransplantable or in vitro, could reveal
more clearly some biological properties of SWT cells. Thus,
there was significant heterogeneity in growth appearances be
tween cell lines of CCSK and those of others. Most cell lines,
especially MRTK and US, well maintained their original char
acteristics, consistent with the report of Vogel et al. (23) on
MRTK. However, in CCSK lines, morphological changes often
occurred, such as increase of cytoplasm-abundant cells and
production of mucin. Ultrastructurally, clusters of intermediate
filaments similar to those in MRTK cells, twisted sheaves of
filaments resembling tonofilaments, and intracellular canaliculi
could be identified in these cells. These results may represent
very unique biological characteristics of CCSK cells.

CCSK may be an elusive histopathological entity and it shows

5397

Research. 
on October 25, 2021. © 1989 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


HUMAN SARCOMATOUS WILMS' TUMOR LINES

a number of variations other than "classic pattern" (2). Fur

thermore, modification of histopathological features in the
metastatic lesions was also reported (8, 14, 25). Gonzalez-
Crussi noticed increased numbers of filaments, cilia, and other
organelles in the metastatic tumors. Filaments filled the spaces
between organelles, whereas in the primary tumors they were
scantly and sparsely distributed (14). Such filament laden cells
were sometimes found in non-MRTK renal tumors, which were
described as "pseudo-rhabdoid" tumors of kidney (26). Met

astatic lesions, made up almost entirely of myxomatous tissue,
have also been reported (8, 25). Therefore, morphological
changes found in our CCSK lines probably represented such
variable histopathological feature of CCSK.

The most striking and interesting fact was that CCSK had a
latent epithelial nature which became apparent in cell lines as
revealed by the presence of twisted sheaves of filaments resem
bling tonofilaments and intracytoplasmic canaliculi. Schmidt et
al. reported a case of CCSK containing true neoplastic epithelial
elements (27), and Beckwith reevaluated the possibility of a
closer relation between CCSK and NBW than previously sus
pected (28).

The epithelial nature of CCSK were clearly shown in this
study by the expression of cytokeratins by immunoperoxidase
and immunoblotting method. Primary tumors of CCSK were
negative for cytokeratin, consistent with the previous reports
(29, 30), whereas we could find the expression of cytokeratin
on CCSK cell lines. Western blotting analysis demonstrated
that CCSK expressed cytokeratin 8 (52KD) and 19 (40KD), the
pattern identical to that found in NBW. From the literature,
this cytokeratin pattern is related to simple epithelium (31).
Recently, it was reported that nonepithelial tissue such as
myometrium and fetal myocardium expressed cytokeratins 8,
18, or 19 (32, 33). However these cells did not show any
morphological epithelial nature, whereas newly established
CCSK lines apparently showed morphologically epithelial fea
tures as described. Therefore, the identical expression of cyto
keratins 8 and 19 found in both CCSK and NBW indicated
that there was close relationship between CCSK and NBW.
MRTK, on the other hand, expressed different cytokeratin from
that found in CCSK and NBW, which became evident by
Western blotting analysis. In addition, MRTK had ultrastruc-
turally no epithelial feature. Taking these results into account,
there arises a possibility that MRTK belongs to another neo
plastic entity from Wilms' tumor. Finally, US seems to be a

very primitive neoplasm without any features of CCSK and
MRTK, because no alteration in morphology and cytokeratin
expression has been observed in US even in the cell lines.

Analysis on the expression of cytokeratin, vimentin, and
CD24 in fetal kidney presented an interesting result for the
histogenesis of CCSK. In the fetal kidneys, coexpression of
cytokeratin and vimentin was demonstrated at different stages:
the tubular formation stage from the metanephric blastema and
the glomerular differentiation stage from the lower limbs of S-
bodies (34). Interestingly, CD24 can distinguish these two
embryologically different stages. Thus, metanephric blastemas
were positive for CD24 but lower limbs were not. Assuming
that tumor cells conserve the phenotypes of normal counterpart,
CCSK may originate from lower limbs of S-bodies or closely
related tissues because phenotypes of CCSK cell lines (cytoker
atin*, CD24 ) correspond to these tissues. Although further

study is clearly necessary to establish this hypothesis, it is of
note to introduce a monoclonal antibody 5H10 which we have
established against SWT. Preliminary experiments suggest that
5H10 reacts with the molecule expressed on cell surface of

CCSK as well as on lower limbs part of S-bodies showing stage-
specific fashion.5 Precise study of 5H10 is now under investi

gation.
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