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Abstract

Recent studies have shown that orthotopic (transurethral) transplan
tation of human bladder cancer cell lines into nude mice permits tumor
growth that more accurately reflects their clinical malignant status in the
original host. We have previously demonstrated that transfection and
overexpression of normal or mutated i--IIa-iuv genes into a noninvasive

human papillary transitional cell carcinoma cell line confer upon these
cells an invasive phenotype in vivo with behavior remarkably similar to
the clinical behavior of high grade bladder carcinomas. Since elevated
expression levels of the epidermal growth factor receptor (EGF-R), in
addition to that of c-Ha-ras, have been correlated with transitional cell
carcinoma progression, we sought to determine whether up-regulation of
the EGF-R had occurred in the invasive high ras expressors and if so,
what functional significance this might have. Our results show that
invasive cell lines which overexpress the c-I Ia-ra.v gene also have in
creased epidermal EGF-R expression. This was found to occur at both
the protein and mRNA levels, and analysis of the EGF-R promoter/
enhancer sequences has revealed a putative AP-1 site which may possibly
serve as a ras response element. In addition, we found that the cells
overexpressing the EGF-R had acquired a positive sensitivity to the
stimulatory mitogenic effects of EGF. Hence, the results obtained suggest
a role for either a normal or a mutated overexpressing I Ia-ra.v in up-
regulating the surface EGF-R, possibly through an AP-1 site during
human bladder carcinoma progression; they also highlight the potential
that EGF may have in cooperating with this EGF-R up-regulation to
help mediate enhanced tumor growth.

Introduction

The ras family of oncogenes has been detected in a wide
spectrum of both animal and human cancers by DNA-mediated
gene transfer experiments. These dominantly acting cellular
genes are able to transform either normal or immortalized
nonneoplastic cells under the appropriate conditions (1-3).
Results of such assays done in combination with gene cloning
and sequencing analysis suggest that 5-10% of human TCCs3
contain activated/mutated ras oncogenes (3-5) and that the
most common ras family member found to be mutated is c-Ha-
ras (4-6). In addition to the presence of these mutations, a
putative relationship between ras gene expression and bladder
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cancer development and progression has been suggested by
immunohistochemical techniques. These studies have concen
trated on estimating the level of the ras gene protein product,
p21, in human tumors of various stages (7, 8) and in the case
of TCC, a correlation between levels of p21 and the degree of
tumor invasiveness has been reported (9). Taken together the
literature is therefore suggestive of a role for altered ras gene
expression in the progression of human bladder cancer. In this
regard, we have recently shown that overexpression of either a
mutated or normal Ha-ras in a human papillary transitional
cell carcinoma will convert it to express an invasive phenotype
following orthotopic (intravesical) inoculation into nude mice
(10). Such transitions in invasiveness have been documented to
occur clinically for 2-25% of patients with superficial TTC,
depending on the grade of the tumor (11).

Having experimentally established that Ha-ras overexpres
sion induces an invasive phenotype (and thus supporting the
clinical ras expression data), we next wished to determine if the
expression of EGF-R, which has also been strongly associated
with TCC progression (12-15), is similarly altered in our ex
perimental system and, if so, what influence this may have on
cell growth.

The EGF-R has a close structural relationship with the
oncogene product of erb-B of the avian erythroblastosis virus
gp65v"r*~B(16), which represents a truncated EGF-R lacking

the external binding site for EGF. The intracellular portion of
the EGF-R has an associated tyrosine kinase domain and three
tyrosine residues which are autophosphorylated after binding
of EGF to the receptor (17). Several other growth factor recep
tors and many oncogene encoded proteins also have tyrosine
kinase activity. EGF-Rs have now been identified on cells of
several common human tumors or tumor cell lines by a number
of methods including immunohistochemical staining for the
receptor, ligand binding, and gene expression analysis. For
example, increased levels of EGF-R protein have been found in
breast cancer (18, 19), gliomas (20), lung cancer (21), and TCC
(11-13, 21). Amplification of the EGF-R gene has occasionally
been identified in cell lines such as the A431, a vulval squamous
carcinoma (22); in gliomas (20); and in TCC (21). The frequency
with which gene amplification (as opposed to enhanced tran
scription) leads to increased EGF-R expression varies with
tumor type. In human TCC, for example, the former was found
in only 1 of 29 tumors studies (21), whereas in gliomas the
incidence was found to be much higher (20). Whichever mech
anism of regulation occurs, it is ultimately the overexpression
of functional EGF-Rs on tumor cells which appears to confer
the ability to amplify the mitogenic effects of EGF found in the
microenvironment.

In a manner similar to that performed for p21 studies,
analysis of the EGF-R protein content in tumor tissue by means
of immunohistochemistry has suggested that EGF-R positivity
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may be associated with features of poor prognosis such as high
tumor stage and grade (12-15). However, it is primarily because
of the abundance and activity of EGF in the urine (23, 24) that
the level of EGF-R expressed by TCC cells is especially impor
tant, because this could provide normal, premalignant, and
malignant transitional epithelium of the bladder the opportu
nity to incubate with this growth factor for long periods of time.
The EGF-R distribution in urothelium, which provides pre
malignant and malignant transitional epithelial cells with much
greater access than normal urothelium to urinary EGF (25),
may further enhance this effect. In support of this possibility is
the observation that, in vitro, normal human urothelial cells are
more refractory to the potential tumorigenic effects of EGF
such as growth stimulation and induction of ornithine decar-
boxylase activity (26) than are TCC cells. Thus, there appear
to be several independent lines of evidence which implicate
urinary EGF and overexpression of EGF-R either separately or
together in the development and sustained tumorigenic growth
of TCC.

In order to explore this hypothesis we undertook the present
study with two purposes in mind: (a) to examine whether any
linkage exists between the induction of the invasive phenotype
in a functionally noninvasive human TCC cell line and the up-
regulation of EGF-Rs; and (b) to elucidate the effect which
EGF has on genetically related noninvasive and invasive cell
lines with respect to their in vitro growth. Here we report that
the acquisition of the invasive phenotype is directly associated
with an up-regulation of surface EGF-Rs. In addition, invasive
cells which overexpress a normal Ha-ras are growth stimulated
in vitro in response to EGF. These findings help bring together
the two most important factors associated with TCC progres
sion, namely p21 and EGF-R, and suggest novel therapeutic
strategies which may be used in the future to treat human TCC.

Materials and Methods

Cell Lines. RT-4 (27, 28) is a cell line that was established in 1970
from a 63-year-old patient who had a cystectomy because of recurrent
multifocal, grade 1 papillary TCC of the bladder. Transfected cells
contain either a 6.4-kilobase normal cellular Ha-ras (RT-4-cr-l, RT-4-
cr-2, and RT-4-cr-3) gene or a 6.6-kilobase, valine 12 mutated Ha-ras
(RT-4-mr-7 and RT-4-mr-lO), both under the control of a Moloney
long terminal repeat promoter/enhancer and SV40 enhancer sequences
(10). RT-4-neo is the control cell line consisting of the pooled popula
tion of 50 G418 resistant colonies transfected with the plasmid pSV2neo
(10). RT-4-cr-l, RT-4-cr-2, and RT-4-mr-lO express high levels of ras
mRNA whereas RT-4-cr-3 and RT-4-mr-7 express undetectable levels
by regular Northern analysis. Both RT-4-cr-l and RT-4-mr-lO are
invasive in an orthotopic nude mouse inoculation system (10) whereas
RT-4-cr-3 and RT-4-mr-7 are noninvasive under the same conditions
(Table 1). A431 is a human squamous carcinoma cell line which
overexpresses the EGF-R (22). AH parental lines were obtained from
the American Tissue Culture Collection.

Tissue Culture. The cell lines were maintained in tissue culture under
sterile conditions without added antibiotics as described previously (10)
and were regularly tested for Mycoplasma contamination. The cells
were fed McCoy's media (Gibco, Grand Island, NY) supplemented with

10% heat-inactivated fetal bovine serum. The SFM used consisted of
Dulbecco's modified Eagle's medium:F-12 (1:1) supplemented with

transferrin (20 Mg/ml), ethanolamine (0.5 Mg/ml), and BSA (0.2 ng/
ml). The cells were harvested utilizing 0.25% trypsin, pelleted, washed
in medium, repelleted, and resuspended in PBS in preparation for
implantation or passaging.

RNA Extraction and Northern Analysis. Total RNA was isolated
from the RT-4 cell clones as described previously (10). For Northern
blot analyses, equal amounts of RNA (10-15 Â¿Â¿g)were electrophoresed

on 1% agarose gels containing 0.66 M formaldehyde and transferred to
Gene Screen (Du Pont-New England Nuclear). Ethidium bromide (300
Mg/ml) was included in both gel and running buffers in order to visualize
the positions of molecular weight standards (RNA ladder; Bethesda
Research Laboratories) and rRNA by UV illumination following elec-
trophoresis. Blots were hybridized using 32P-labeled probes as described

previously (10). Controls for loading consisted of intensity of ethidium
bromide staining of mRNA on gels (data not shown) and probing with
a 1.7-kilobase Pstl fragment of pAl (29) as a #-actin specific probe.
Total RNA expression studies of the EGF-R were accomplished using
a full length complementary DNA probe provided by Dr. M. Waterfield
(30). Quantitation of EGF-R mRNA species from autoradiograms was
done using laser computer densitometry analysis.

In Vitro Growth. To generate growth curves, cells were seeded in
either McCoy plus 10% fetal bovine serum or SFM in 6-well plates
(Falcon) at 10", 5 x 10", and IO5 cells/well. Proliferation of cells was

followed every other day for 7 days, by counting the number of cells
using a hemocytometer. This was performed in triplicate with and
without the addition of 10, 25, 50, and 100 ng/ml of EGF to 5 x 10"

cells/well. Trypan blue staining was used to assess viability before
plating the cells and after each harvest.

Cytofluorimetry Analysis. The cells were trypsinized, washed, resus
pended in SFM, and incubated at 37"C for 3 h to ensure intact
membrane protein glycosylation (31). Cell suspensions (2 x IO5cells/

sample) were then incubated for l h with a monoclonal IgGl antibody
(clone 29.1.1) (32) to the EGF-R (Sigma) at 1:100 dilution in PBS
containing 0.1% BSA at 4"C. After three washes with ice cold PBS

containing 0.1% BSA, a fluorescein conjugated goat anti-mouse im-
munoglobulin (Cappel) was added at a 1:50 dilution in PBS with 0.1%
BSA and incubated for 30 min at 4Â°C.Following three washes in PBS,

the cells were fixed in 1% paraformaldehyde and were subjected to
Cytofluorimetry analysis using a fluorescence activated cell sorter (EP-
ICS-C; Coulter).

Results

Surface EGF-R Protein Expression Is Increased in Cells
Overexpressing c-Ha-ras. The documented association between
EGF-R level and TCC invasiveness (see "Introduction")
prompted us to examine EGF-R numbers on the cell surface of
RT-4-neo cells and the various ras transfectants. The membrane
expression of the cell surface EGF-R was subjected to quanti
tative analysis with a fluorescent activated cell sorter (FACS)
(Fig. 1). This kind of analysis has been found to provide a
reliable indication of relative quantitative increases in EGF-R
levels on cell surfaces (30, 33). The mean of the fluorescence
histogram of RT-4-neo cell surface expression of EGF-R (mean,
28) was not significantly different from the parental RT-4 cell
histogram (nonspecific labeling estimated by the secondary
fluorescein isothiocyanate conjugated goat anti-mouse antibody
alone; mean, 24) (data not shown). Interestingly, a displacement
to the right of the fluorescence histogram pattern obtained with
the anti-EGF-R antibody was observed for the RT-4-mr-lO
(mean, 94) and RT-4-cr-l (mean, 113) clones. However, the
RT-4-cr-3 (mean, 38) and the RT-4-mr-7 (mean, 48) mean
values were only slightly different from that of the RT-4-neo
(mean, 28). All control mean values assessed with the fluores
cein isothiocyanate conjugated goat anti-mouse antibody alone
were indistinguishable from the control RT-4-neo (data not
shown). Thus RT-4 transfectant clones Overexpressing normal
or mutated ras also expressed greater numbers of EGF receptors
(Table 1; Fig. 1).

EGF-R mRNA Expression Is Increased in Cells Overexpress
ing c-Ha-ras. Northern analysis revealed mRNA levels for EGF-
R which paralleled the fluorocytometric findings. In fact, on
densitometry analysis, the invasive cell lines RT-4-cr-l, RT-4-
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Fig. 1. Cytofluorimetric analysis of EGF-R expression of cell lines using anti-
EGF-R monoclonal antibodies. The cells were incubated in SFM at 37Â°Cfor 3 h
to ensure intact membrane protein glycosylation. Suspensions of 2 x IO5 cells/
sample were incubated for l h with a monoclonal antibody to the EGF-R at 1:100
dilution in PBS containing 0.1% BSA at 4Â°C.After three washes with ice cold
PBS containing 0.1% BSA, a fluorescein conjugated goat anti-mouse immuno-
globulin was added at a 1:50 dilution in PBS with 0.1% BSA and incubated for
30 min at 4"C. Following three washes in PBS, the cells were fixed in 1%

paraformaldehyde and subjected to cytofluorimetry analysis.

Table 1 Summary of data relating Ha-ras, EGF-R, and in vitro mitogenicity in
response to EGF and in vivo invasivenessfor various Ha-ras transfected human

transitional cell carcinoma cell lines

Ha-ras In vivo EGF-R
mRNA0 invasion"mRNART4-neo

+
RT4-cr-l +++ + +++
RT4-cr-2 +++ ND* +++
RT4-cr-3 - - +
RT4-mr-7 +
RT4-mr-10 +++ + +++Mitogenic

response
EGF-R to EGF
protein invitroND

+"See

Ref. 10.
* ND, not determined.

to contain a number of consensus sequences which mediated
the p21 effect on transcription and which mediated the p21
effect on transcription and which were subsequently named
RRE. Using the GCG Wisconsin Software to access the various
cloned promoter (34, 35) and enhancer (36) sequences of the
EGF-R, we searched for matches to four consensus sequences
of known RREs. These were AP-1 (GTTAGTCA) (37), PEA-
3 (CACTTCCT) (37), 0-polymerase (GTGACGTCAC) (38),
and transforming growth factor ÃŸt(TGACTCT) (39). Allowing
for no mismatches between these sequences and those of the
EGF-R promoter/enhancer regions, we found an AP-1 consen
sus sequence in the EGF-R downstream enhancer from â€”211
to â€”218base pairs.

EGF Is a Mitogen for Bladder Carcinoma Cells Overexpress-
ing a Normal c-Ha-ras but Not Mutated ras. The in vitro growth
properties of the six cell lines selected for study were examined
in two ways. First, doubling times were determined in serum
containing medium and SFM (Table 2). No significant differ-

A

Kb

10 â€”

5.6â€”

2.9 â€”

C

B

â€”2.9

â€¢â€¢*â€¢â€¢â€¢â€¢â€¢***â€¢
Fig. 2. Relative expression of EGF-R mRNA. Equal amounts of total RNA

isolated as described (10-15 fi%)were electrophoresed on 1% agarose gels con
taining 0.66 M formaldehyde and transferred to Gene Screen. Ethidium bromide
(300 jig/ml) was included in both gel and running buffers in order to visualize the
positions of molecular weight standards (RNA ladder) and rRNA by UV illumi
nation following electrophoresis. Blots were hybridized using "P-labeled probes
of (A) the EGF-R complementary DNA and (B) the /J-actin gene. (C) and (D)
show longer exposure of the same blots allowing visualization of the 5.6-kilobase
mRNA species. Kb, kilobases.

mr-10 had approximately 8-fold higher levels than did cell lines
without detectable ras expression or the parental cell line (Table
1; Fig. 2A). However, this was found to apply only to the 10-
kilobase and not the 5.6-kilobase message. Fig. 2C is a longer
exposure of the same autoradiogram as in Fig. 2/4, demonstrat
ing equal levels of 5.6-kilobase mRNA and absent 2.8-kilobase
message. These and the FACS results described above suggest
that overexpression of mutated or nonmutated forms of c-Ha-
ras can lead to an increase of the cell surface expression of the
EGF-R possibly through an increase in mRNA levels.

The Human EGF-R Downstream Enhancer Has an AP-1
Consensus Sequence. A number of genes have been found pre
viously to be transcriptionally activated by increases in p21.
The various promoters or enhancers of these genes were found

Table 2 In vitro doubling times of parental and ras transfected RT-4 cell lines in
response to EGF

Cells were seeded in either McCoy plus 10% fetal bovine serum or SFM with
or without 100 fig/ml EGF in 6-well plates (Falcon) at 5 x IO4 cells/well.

Proliferation of cells was followed every other day for 7 days, by counting the
number of cells using a hemocytometer. Trypan blue staining was used to assess
viability.

Doubling time (h Â±SD)

CelllineRT-4-neo

RT-4-cr- 1
RT-4-cr-2
RT-4-cr-3
RT-4-mr-7
RT-4-mr- 1037

Â±
38 Â±
39 Â±
37 Â±
36 Â±
36 Â±-EGF.5Â°

(61 Â±2.3)*

.9 (60 Â±3.5)

.7 (59 Â±2.8)

.8 (59 Â±2.2)

.7 (63 Â±3.0)

.8 (60 Â±2.1)+EGF37

Â±1.3 (62 Â±2.0)
19 Â±1.9 (58 Â±2.5)
18 Â±1.4 (58 Â±3.0)
40 Â±2.0 (60 Â±2.4)
34 Â±3.1 (58 Â±2.1)
41 Â±1.5(61 Â±2.1)

" McCoy plus 10% fetal bovine serum.
* Numbers in parentheses, SFM.
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enees were observed among the lines at the various cell concen
trations tested, whether serum containing medium or SFM was
used, thus confirming previous results (10). As expected, cells
grew more slowly in SFM than in serum containing medium
and their viability, based on trypan blue staining, dropped from
>95% to Â«70%on day 7 of the growth curve. No such drop in
viability was seen with cells grown in serum. In addition, the
effect of EGF on cell growth was examined by addition of
various concentrations of EGF to 5 x IO4cells in either serum

containing medium or SFM, and doubling times were calcu
lated. No differences were observed in cell growth among the
various lines for the EGF concentrations used below 100 fig/
ml (data not shown) or in SFM. However at 100 ^g/ml of EGF
in the serum containing culture medium, RT4-cr-l and RT4-
cr-2 were growth stimulated by EGF while all other lines were
not (Table 1). In summary, EGF can act as a paracrine mito-
genie growth factor for TCC cells which overexpress both
normal ras and EGF receptors but not for TCC cells which
overexpress both mutated ras and EGF receptors. Cumulative
results of all experiments are shown in Table 1.

Discussion

Recent advances in the field of human tumor xenografting
have made it possible to directly examine the contribution of
various oncogenes to tumor growth and progression. These
advances stem mainly from the discovery that the growth of
tumors can be significantly enhanced, and in some cases, in
duced to mimic their respective clinical metastatic behavior by
orthotopic transplantation procedures. We have previously used
this reasoning to study the contribution of the ras oncogene to
human bladder carcinoma progression (10). To this end, both
normal and mutated forms of c-Ha-ras oncogene were intro
duced into a low grade, papillary human bladder cancer cell
line (27,28), the DNA of which does not have any transforming
ability in the NIH-3T3 focus forming assay (10). Because it was
known from immunohistochemical studies that the expression
level of the ras gene in bladder carcinoma appears to be a factor
which correlates with the invasive phenotype (9), the transfected
cell clones selected for further comparative in-depth analysis
were those having either high or low levels of ras expression.
The control cells used consisted of a pooled population of
pSV2neo RT-4 transfectants. In the orthotopic injection studies,
maintenance of the noninvasive phenotype of the control
pSV2neo transfected pooled (parental cell) line RT-4-neo and
of the RT-4-cr-3 and RT-4-mr-7 clones together with the ac
quisition of an invasive phenotype by RT-4-cr-l and RT-4-mr-
10 was observed.

As a first step towards examining the relationship between
the induction of the invasive phenotype and the EGF-R in this
unique system, we evaluated surface protein EGF-R expression
in our transfectants by FACS analysis. We found the levels to
correlate with the invasive phenotype and thus Ha-ras expres
sion level in any given cell line. When we examined mRNA
levels, a good correlation of signal intensity of mRNA for the
EGF-R could be made with the expression of EGF-R protein
levels as determined by FACS analysis. Analysis of the different
sized transcripts revealed that the 10-kilobase EGF-R mRNA
species correlated with c-Ha-ras overexpression. Not surpris
ingly, no evidence for up-regulation of the 2.8-kilobase species,
which codes for a truncated and secreted form of the receptor
(17), was found. This truncated form of the EGF-R has been
detected in a few neuroblastomas and is thought to be the result

of a translocation event (17). The 5.6-kilobase mRNA species
was not observed to be increased in our transfected cell lines.
This increase in EGF-R mRNA may be due to an increase in
transcription and/or enhanced mRNA stabilization. In view of
the existence of four known ras response elements in the
promoters of various genes, we looked for sequence homologies
to these RREs within the promoter and enhancer sequences of
the EGF-R downstream enhancer. We found an AP-1 consen
sus sequence in the EGF-R downstream enhancer from â€”211
to â€”218base pairs. This finding suggests the possibility of ras
gene regulation of EGF-R mRNA transcription. Site directed
mutagenesis of this AP-1 sequence in various EGF-R promoter/
enhancer constructs containing reporter genes would be one
way to determine the functional significance of this AP-1 site.

Since both urine (23, 24) and s.c. tissues (40) have been
shown to contain EGF in biologically significant levels, it would
be interesting to,speculate that differences exist between the
noninvasive and invasive cell lines with respect to their sensi
tivity and phenotypic responses to EGF (26, 41), especially in
view of the EGF-R level differences between these two func
tionally distinct cell populations. In support of this hypothesis
is an earlier observation (10) that the level of in vivo s.c.
tumorigenicity of RT-4-cr-l and RT-4-cr-2 is similar to that of
RT-4-mr-lO. However, in the in vitro assay estimating colony
formation in agar, RT-4-cr-l and RT-4-cr-2 had an identical
ability to form colonies to the parental line, while RT-4-mr-lO
was significantly superior. The implication of this result is that
while RT-4-cr-l, RT-4-cr-2, and RT-4-mr-lO all show an up-
regulation of EGF-R, only RT-4-cr-l and RT-4-cr-2 cells are
growth stimulated by an agent that may be present in the s.c.
microenvironment, quite possibly EGF. To test this hypothesis,
we examined the response of cells to exogenous EGF with
respect to their growth. The addition of EGF enhanced the
growth of RT-4-cr-l, which is invasive in vivo, and RT-4-cr-2,
both of which overexpress a normal Ha-ras. This relationship
between the overexpression of a normal Ha-ras gene and both
the acquisition of invasive ability and EGF responsiveness is of
considerable interest since it may explain how EGF can mediate
enhanced growth of a (previously insensitive) tumor cell popu
lation which has acquired a lesion inducing it to overexpress a
normal p21. We are currently, using an in vitro invasion assay
(42, 43) and measurement of collagenase IV production4 to

investigate the role that EGF might have on mediating tumor
invasion in addition to its effect on growth. In this regard we
have found the RT transfectants which are invasive in vivo are
also invasive in vitro through human amnion derived basement
membrane.5

In the context of bladder cancer one can envision how super
ficial bladder tumors, which sustain a lesion leading to normal
Ha-ras overexpression, may acquire an increased growth rate.
If the p21 overexpression is induced in a multifocal fashion in
previously premalignant bladder epithelium, enhanced respon
siveness to EGF may lead to a clinically detectable tumor. Thus,
such a mechanism may underlie the pathophysiology of super
ficial TCC recurrences in addition to possibly influencing in
vasion provided the tumor cells already have the additional
genetic lesions necessary for the expression of this characteristic
(44). The possible cooperation between normal Ha-ras and EGF
in the enhancement of growth lead us to speculate that inter
ference with the EGF/EGF-R interaction may provide an im-

41. S. Vaithelengam, W. McDonald, E. C. Stroude, and R. F. Del Maestro,

Proteolytic activity during the development of a C6 glioma, submitted for
publication.

5Graham and D. Theodorescu, unpublished observations.
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portant tool for preventing recurrence or invasion in some types
of TCC. However, given the ubiquity of EGF, the lack of
knowledge of conditions other than renal failure (12) which
affect its urinary excretion, and the widespread distribution of
the EGF-R, such strategies will have to be specifically aimed at
the urinary tract if they are to have clinical utility. In view of
the composition of urine and the previously documented ability
to alter its physicochemical properties, relatively simple ap
proaches, such as altering urinary pH (12) may be potentially
useful in interfering with EGF/EGF-R binding. Another ap
proach could be the intravesical use of EGF-R kinase inhibitors

(45).
In summary, we can infer that in cases when EGF-R up-

regulation occurs in TCC, it may be secondary to ras gene
overexpression and it may or may not have a functional signif
icance in the context of environmental (urinary) EGF. Assum
ing that it does have a functional role (as may be the case in
cells overexpressing a normal Ha-ras) this could contribute to
an enhanced tumor growth rate. In the system we have de
scribed, TCC cells overexpressing the mutated c-Ha-ras gene
also have increased numbers of EGF-Rs but apparently do not
depend on EGF stimulation for their increased proliferative or
invasive activity. Their mutated p21 may abrogate the effect of
exogenous EGF by various extracellular (46) or intracellular
(47) autocrine loops and thus, despite up-regulation of their
EGF-R, render the cells seemingly insensitive to paracrine EGF
dependent microenvironmental influences.
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