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Summary. In a recent paper, we described the expression
pattern of proto-oncogenes in primary human renal cell
carcinoma [12]. To test the possibility of using xenografts
as a useful alternative for such studies, we analyzed xeno-
grafts of a number of human renal cell carcinomas in nu/nu
mice. Xenografts included RC2, RC14, RC21, RC43 and
NC65. Northern blot analysis indicated that c-Ras was ex-
pressed in all these xenografts. The identity of the ras tran-
scripts in the individual xenografts was further specified as
c-Ha-ras, c-Ki-ras or N-ras. Expression of ¢-myc¢ and the p53
gene was also found in a number of these tumors. Only
RC21 failed to express the c-myc or the p53 gene. In all xe-
nografts, a 3.0 kb c-fes/fps mRNA was present. In RC2,
RC14, RC21 and RC43, low levels of the 4.8 kb abl tran-
script were detectable. Transcripts of myb and sis could not
be detected in any of the xenografts. The results indicated
that the expression pattern of a variety of proto-oncogenes
in xenografts of human renal cell carcinomas was similar to
that in the primary tumors.
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Introduction

Molecular oncology has led to the discovery of genes whose
malignant potential becomes apparent upon retroviral trans-
duction of these genes. Because of this characteristic, the
genes are also thought to be implicated in the onset and de-
velopment of naturally ocurring tumors. Collectively, they
are called proto-oncogenes. Up to this moment, more than
fourty proto-oncogenes have been characterized {3,4].
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Recently, classification of proto-oncogenes in a nuclear and
cytoplasmic group was proposed on the basis of the site of
action of their gene products [27]. The nuclear group is the
smallest one and includes c-myc, c-myb and the p53 gene.
An important characteristic of these genes is their im-
mortalizing capacity. In general, the nuclear group of proto-
oncogenes weakly induces anchorage independent growth
of fibroblasts in tissue culture [27]. There are indications
that these genes are involved in regulation of gene expression
and that disturbance in their own expression patterns (in
place and/or in time) is a major factor in tumorigenesis
[2, 15]. The gene products of c-myc and c-myb are struc-
turally homologous [6, 20]. p53 is a phosphoprotein that
is overexpressed in some transformed cells [11, 29]. The cy-
toplasmic group of proto-oncogenes is larger and its mem-
bers are thought to be a major factor in processes involved
in malignant transformation. Proto-oncogenes of this group
include for instance the ras-gene family, c-fes/fps and c-abl.
It has been suggested that in general their malignant activation
is the result of mutations [15]. The gene products of c-abl
and c-fes/fps are tyrosine-specific protein kinases [ 10,22, 24]
and the ras gene product resembles the G-protein and pro-
bably acts as a signal transducer [4, 27]. A proto-oncogene
that does not belong to either of the groups described
above, is the sis proto-oncogene. Its translation product is
highly similar to the B-chain of the platelet-derived growth
factor (PDGF) [17].

In a recent paper [12], we described proto-oncogene ex-
pression patterns in primary human renal cell carcinomas.
We found that c-Ras and c-myc were clearly detectable in
most of the tumors. Furthermore, expression of c-fes/fps
was observed in a small percentage of these tumors. Since
RNA isolated from primary human renal cell carcinomas was
often of low quality probably due to necrosis in the tumor,
we wanted to test xenograft tumor lines of renal cell carci-
nomas in nu/nu mice as a suitable alternative. The nu/nu
mouse, described by Flanagan [7] and later found to be
thymus deficient and lacking T-cell mediated immune res-
ponse by Pantelouris [18], was chosen as an animal host for
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Table 1. DNA fragments used as molecular probes

Proto-oncogene Fragment used as probe Reference
N-ras Sall/EcoRI 0.65 kbp [91
v-Ki-ras EcoRI/EcoRI 1.15 kbp [25]
c-Ha-ras Smal/Smal 0.65 kbp [25]
c-ng_- SacI/SacI 1.20 kbp 61
c-myb BamHI/XbaI 0.80 kbp [19]

p53 gene PstI/PstI 0.55 kbp [11]

v-abl Pstl/Pstl 0.70 kbp [24]
ofes EcoRI/EcoRI  0.95 kb [22]

o-sis BamHI/BamHI  1.80 kbp [17)
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Fig. 1. Northern blot analysis of xenografts of human renal cell ca-
cinomas. Poly-A selected RNA from RC2 (lane £, F and H), RC14
(lane B and D) RC43 (lane C and G) and Vero (lane 4) was size frac-
tioned by agarose gel electrophoresis and analyzed by Northern blot
technique. Molecular probes used were N-ras (lane 4 and B), v-Ki-ras
(lane C), c-Ha-ras (lane D), c-myc (lane E), p33 (lane F), c-fes (lane
G) and v-abl (lane H). Molecular weight markers included are single
strand HindIII digested lambda DNA molecules

this type of transplantation experiments, because of its use-
fulness for a wide range of human tumors [8]. We already
described that, histologically and ultrastructurally, xeno-
grafts of human renal cell carcinomas in nu/nu mice re-
semble primary renal tumors [13].

In the present study, we studied expression of c-Ha-ras,
c-Ki-ras, N-ras, c-myc, c-myb, c-abl, c-fes/fps c-sis andthep53
gene by Northern blot analysm in xenografts “of five differ-
ent human renal cell carcinomas and an established kidney
cell line of a monkey (Vero).

Materials and Methods

Tumor Materials

Xenografts of human renal cell carcinomas in y/x_l_g mice were ob-
tained from the Department of Urology, Dijkzigt Hospital, Rotter-

dam. All xenografts were derived from primary tumors of patients
with apparent metastases at the time of diagnosis. Xenografts showed
no dedifferentation compared to the original tumors [14]. After
removal, tumor material was immediately frozen in liquid nitrogen.
The established kidney cell line (Vero), derived from an African
green monkey, was also included in this study.

RNA Isolation and Northern Blot Analysis

Total cellular RNA was isolated according to the procedure de-
scribed by Auffray and Rougeon [1]. Upon poly(A) selection by oli-
go(dT)-cellulose chromatography, RNA was dissolved in sodium
phosphate buffer (10 mM, pH 7.0), which contained DMSO (50%)
and glyoxal (1 M), and heated at 50 °C for 1 h. RNA was size frac-
tionated by agarose gel electrophoresis (1.0% agarose gel) and trans-
ferred to nitrocellulose or Hybond-N membrane as described before
[22].

Preparation of Molecular Probes

The characteristics of the molecular probes used in this study are
summarized in Table 1. The probes were prepared as described be-
fore [14]. Radioactive labeling of the probes was performed accord-
ing to Van den Ouweland et al. [17].

Hybridization and Dehybridization

Hybridization was performed under conditions as described by
Church and Gilbert [5] and dehybridization according to the proce-
dures as recommended by Amersham.

Results

Expression patterns of proto-oncogenes from the ras gene
family are well documented. The human ¢-Ha-ras mRNA is
1.4 kb [25, 28], the human N-ras-specific trangript is2.2
kb [9] and transcription of the human c-Ki-ras gene results
in a 4.6 kb mRNA [25]. A complicating factor in the inter-
pretation of results concerning ras expression is the fact
that the ras genes are strongly homologous, therefore cross-
hybridization is often observed in Northern blot analysis.
This is illustrated in Fig. 1 (lanes A to D), in which typical
ras hybridization patterns are shown, using an N-ras 1as (lane
A-B), cKi-ras (lane C) and a c-Ha-ras (lane D) probe. In
lane A (Fig. 1), it can be seen that the N- -1as probe in addi-
tion the N-ras-specific mRNAs (doublet at 2.2 kb) also de-
tects the c-Ki-ras (4.6 kb) and the c-Ha-ras transcript (1.4
kb). In the interpretation of the results described in this
report, however, only specific transcripts are considered,
namely 1.4 kb for c-Ha-ras, 2.2 kb for N-ras and 4.6 kb for
c-Ki-ras. It is evident that because of crosﬁ/bridization 1as
expression cannot be studied unambiguously by a dot blot
assay, but requires Northern blot analysis.

The results of the ras gene expression studies are summar-
ized in Table 1. All tumors except RC21 showed detectable
levels of N-ras transcripts. It appeared that both RC2 and
RC43 contained the highest level of c-Ki-ras mRNA. It
should be noticed that in these two tumor lines also a sec-



Table 2. Summary of proto-oncogene expression in xenografts of

human renal cell carcinomas and the Vero cell line. Symbols: 0: no
expression detected; + to +++: detectable to high levels of expres-
sion; NT: not tested

probe mRNA RC2 RCi4 RC21 RC43 NC65 Vero
N-ras  2.2kb + + 0 + + ++
cKiras 4.6kb ++ + ++ + NT
cHaras 14kb 0 + ++ + 0 NT
cmyc 23kb ++t ++ 0 ++ ++ NT
°‘.‘P__YE 50kb 0 0 0 0 0 0
pS3 3.0kb ++ 0 0 + 0 ++
cfes  3.0kb ++ + + + + 0
vabl  66kb 0 0 0 0 0 ++
4.8kb + + + + 0 +++
29kb 0 + 0 0 0 ++
08kb 0 0 0 0 0 NT
v-sis 3.5kb 0 0 0 0 0 NT

ond mRNA at approximately 5.3 kb was visualized using
the v-Ki-ras probe. c-Ha-ras expression was the highest in
RC21 and was not found in RC2 and NC65. From these da-
ta it appeared that in each of the tumors at least one of the
1as genes was expressed.

Expression of c-myc, c-myb and P53

The cellular localization of proto-oncogene products is indi-
cative for their mode of action and for their role in carcino-
genesis. The c-myc, c-myb and p53 gene products are all lo-
calized in the cell nucleus. Expression of these oncogenes
was also studied by a Northern blot analysis and the results
are summarized in Table 2. In none of the xenografts were
detectable levels of c-myb present, which is in agreement
with the fact that c-myb expression is predominantly con-
fined to hematopoetic malignancies [19]. High levels of c-
myc expression were found in all xenografts, except in
RC21. The possibility that in RC21 another member of
the myc gene family (N-myc or L-myc) was expressed was
not tested and can therefore not be excluded.

The human p53 specific transcript was found to be ele-
vated in RC2 and RC43. These data indicate that in most
of the xenografts tested, detectable levels of mRNA of a
nuclear proto-oncogene were present.

Expression of c-abl and c-fes|fps

The c-abl and c-fes/fps proto-oncogenes both contain a do-
main that encodes a tyrosine-specific protein kinase [21].
The gene products of these two genes are localized in the
cytoplasm and at least a fraction of them seems to be as-
sociated with membranes. Unlike ras and myc/p53, elevated
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Fig. 2. Comparative Northern blot analysis of c-fes mRNA in xeno-
grafts RC2 (lane 2), RC8 (lane 3), RC14 (lane 5), RC21 (lane 6),
RC43 (lane 4) and NC65 (lane 7). The c-fes EcoR1EcoR1 0.95 kb
DNA fragment was used as a molecular probe. Molecular weight
markers included are single strand HindlIIl digested lambda DNA
molecules
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Fig. 3. Schematic representation of the human genomic region con-
taining the fur gene and the fes/fps proto-oncogene. The putative
promoter region is situated between the BamHI and Pstl site. E,
E_co_RI; B, BamHI; P, Pstl. The restriction endonucleases placed be-
tween brackets indicate that not all the cleavage sites for this en-
zyme are depicted

expression of these genes is not common in human malig-
nancies [25]. Detectable levels of fes transcripts are some-
times found in haematopoetic malignancies [25], lung tumors
[25], breast carcinomas and renal cell carcinomas [12, 25].
Expression of c-abl in primary tumors is only reported in
the case of chronic myelogenous leukemia [25]. Northern
blot analysis of RNA of the xenografts revealed that 4 out
of 5 tumors exhibited abl expression. They included RC2,
RC43, RC14 and RC21. The Vero kidney cell line also ex-
pressed the abl proto-oncogene. In contrast to the xeno-
grafts, a number of different abl transcripts were found in
the cell line. As far as the expression of the fes/fps proto-
oncogene was concerned, in all xenografts a 3.0 kb fis/_f&s
specific mRNA was found (Fig. 2). Some fluctuation in the
levels of the transcripts was observed. No fes/fps transcript
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could be detected in the Vero kidney cell line. The fact that
c-fes/fps expression was found in xenografts of human renal
cell carcinomas is in agreement with previous studies on pri-
mary renal tumors [12, 25].

Expression of c-sis

The c-sis proto-oncogene contains sequences that could en-
code a protein similar to the B-chain of platelet-derived-
growth factor (PDGF). A consensus is emerging that in fact
the c-sis locus encodes the B-chain of PDGF. It was of inter-
est to see whether in renal cell carcinomas autocrine growth
stimulation as a consequence of c-sis activity was involved.
Northern blot analysis revealed no c-sis transcripts and,
therefore autocrine growth stimulation as a consequence of
c-sis activation can be ruled out.

Discussion

Proto-oncogene expression patterns in xenografts of human
renal cell carcinomas were studied to determine whether
xenografts could be used as an alternative for primary renal
cell carcinomas. A major problem in studying mRNA from
primary human renal cell carcinomas is degradation of
mRNA. In contrast to primary tumors high amounts of in-
tact mRNA could be isolated routinely from xenografts of
human renal cell carcinomas. This was probably due to the
fact that the time period elapsing between excision of the
primary tumor and its freezing in liquid nitrogen was much
longer in the clinical setting than under the conditions of a
laboratory experiment. It is well established that tumor
devitalization starts when the renal vascular pedicle in radi-
cal nephrectomy is clamped. The better presentation of tu-
mor tissue in xenografts was confirmed by microscopic exa-
mination of the xenografts revealing homogenous tumor
structures and almost no necrosis.

Our results indicated that as far as proto-oncogene ex-
pression patterns are concerned, xenografts of human renal
cell carcinomas provide a good alternative for primary tu-
mors. Expression of all three members of the ras gene fami-
ly was found in the xenografts. This is in accordance with
earlier observations in primary renal tumors in our labora-
tory (Schalken, unpublished observation) and in agreement
with results from other groups [25].

Similarly, expression of c-myc in xenografts also agrees
with studies on primary tumors. The fact that in one of the
xenograft tumor lines no c-myc transcripts could be found
does not necessarily mean that this tumor does not contain
a transcript that is related to c-myc. In recent studies [16],
the discovery of N-myc and L-myc genes were described
and they are related to the c-myc gene. However, limited
nucleotide sequence homology could explain the failure to
detect transcripts of them with a c-myc probe, especially
under the stringent hybridization condition employed.

Expression of the c-fes/fps proto-oncogene in renal cell
tumors is a matter of interest. In contrast to primary
human renal cell carcinomas in which c-fes/fps expression
was found in only 10% of the cases, the xenografts exhibited
in all cases tested a clearly elevated level of fes/fps expres-
sion. At the moment it is not clear how to explain this ob-
servation. It is well established that in normal cells expres-
sion of c-fes/fps is restricted to cells of hemopoietic origin
and mainly to those of the myeloid lineage [28]. The possi-
bility that many myeloid cells were present in the xenografts
and that the observed fes/fps expression was due to such
cells in the tumor specimens could be ruled out on the basis
of histopathological analysis. The fact that all xenografts
exhibited fes/fps expression suggests that xenograft-specific
factors are involved and may be selected for, during in vivo
propagation of the tumor cells. In situ hybridization or im-
munofluorescence analysis could shed light upon this mat-
ter by identifying in xenografts as well as in primary tumors
the cell types that express the proto-oncogene.

The high levels of fes/fps expression in xenografts of
renal cell carcinomas is also remarkable. In specimens of
normal kidney, the fes/fps DNA region seems transcription-
ally silent. The genetic region immediately upstream of the
proto-oncogene, however, is transcriptionally active in
tissue specimens of normal kidney [22]. This region, which
we have designated fur (for fes/fps upstream region) con-
tains a gene, which is located very closely (less than 1 kbp)
to the proto-oncogene [22]. For a schematic representation
of this genetic region in the human genome, see Fig. 3. The
fur gene, which seems to encode a membrane associated
protein with a recognition function, has a relatively strong
promoter [23]. The promoter of the proto-oncogene re-
mains to be identified. It is tempting to speculate that in
renal cell carcinomas the promoter region of the fur gene
is involved in expression of the proto-oncogene. The fact
that xenografts of human renal cell carcinomas resemble
primary renal cell carcinomas and that mRNA of high qua-
lity can be isolated from them enables characterization of
the fes/fps transcription unit in these tumor cells by cDNA
analysis and S1 nuclease protection experiments. By this
approach, the hypothesis mentioned above now can be
tested.
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