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ABSTRACT

Using the heterotopically transplanted rat urinary bladder system, we
previously showed that normal urine has a tumor-enhancing effect on
carcinogen-initiated unit helium. In an attempt to isolate a urinary growth-
stimulating (tumor-enhancing) faclor(s), urine was first fractionated by
Bio-Gel I'-100 column chromatography, and each fraction was tested for
inducibility of ornithine decarboxylase (ODC) and growth-stimulatory
activity in a target rat bladder carcinoma cell line, 804G. ODC inducibility
was chosen as a marker for tumor-enhancing effect because it is a key
characteristic of tumor promoters. There was a single peak demonstrating
a strong growth-stimulatory activity as measured by [â€¢'Hjthymidineincor
poration. There were two ODC-inducible peaks, one located at a high
molecular weight region and partly overlapped with the growth-stimula
tory peak. The other was located at a lower molecular weight region.
CM-Sephadex chromatography and subsequent high performance liquid
chromatography successfully separated the high molecular weight-ODC
activity from the growth-stimulatory activity. The latter component was
found to contain transferrin (TF) by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and immunodiffusion with anti-rat TF antibody
and was designated as urinary transferrin fraction. The urinary TF
fraction and authentic rat TF stimulated growth of several rat bladder
carcinoma cells maintained in a serum-free as well as a serum-deficient
medium. The response was proportional to the concentration of TF
ranging from 0.2 to S /ig/ml. Preincubation of the urinary TF fraction or
TF with an anti-rat TF significantly reduced their growth-stimulatory
effects in 804G cells. The high molecular weight-ODC also stimulated
cell growth but to a lesser extent. These results when combined with our
previous observations suggest that TF and possibly also ODC-inducible
substances may be important urinary components participating in the
tumor promotion by urine.

INTRODUCTION

Using the HTB3 system we previously demonstrated that

presence of urine in the bladder lumen as compared to the
presence of NaCl solution equiosmolar to the urine, enhanced
tumorigenesis of the carcinogen-initiated un>thelium (1-3).
Subsequent studies in our laboratory suggested that tumor
enhancement by urine may be due to high molecular weight
components (4). As a next step, therefore, urine fractionated by
gel filtration chromatography was tested for inducibility of
ODC in a bladder carcinoma cell line 804G cells (5). ODC
inducibility was chosen as a marker for tumor-enhancing effect
because it is a key characteristic of the tumor promoters of
mouse skin (6). Two peaks of high ODC inducibility were
regularly found (7). The materials collected from these two
peaks, designated as Fractions 1 and 2, were tested for tumor-
enhancing capacity by once weekly instillation into HTBs which
had been initiated by a single low dose of Ar-methyl-Ar-nitrosou-

rea. Of the two fractions, Fraction 1 induced a significantly
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increased thymidine incorporation into urothelial cells and
resulted in a higher tumor incidence than in the groups receiving
Fraction 2 or control material (7).

The present investigation is an attempt to isolate a tumor-
promoting substance from normal rat urine. As markers in
search for such a substance, we chose ODC inducibility and
stimulation of cell growth in 804G cells.

MATERIALS AND METHODS

Tumor Cells Used. Four rat bladder carcinoma, one human bladder
carcinoma, and one human prostate carcinoma cell strains were used.
All were maintained in MEM with an appropriate amount of FCS, at
37Â°Cin a humidified atmosphere of 5% CÃ›2and 95% air. 804G is a

squamous cell carcinoma of urinary bladder derived from a male ACI
rat. It was induced in our laboratory (5) by the in vitro technique
described by Hashimoto and Kitagawa (8); AY-34 which had been
derived from a male Fischer rat (9) was a gift of Dr. S. Cohen, University
of Nebraska Medical Center. Both were maintained in MEM with 10%
FCS. RBTCC-8, which had been originally derived from a male Fischer
rat treated with jV-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide (10), was
a gift of Dr. B. Pauli, Rush-Presbyterian Medical Center, Chicago, IL;
SS-24B was derived from a male Fischer rat treated with yV-butyl-W-(4-
hydroxybutyl)nitrosamine in our laboratory (11). Both were maintained
in DME supplemented with 10% FCS.

2S3J, a human transitional carcinoma established by Elliott et al.
(12) and DU145, a human prostate adenocarcinoma established by
Stone et al. (13) were obtained from Dr. J. Kozlowski, Northwestern
University Medical School, and were maintained in MEM with 10%
FCS.

Collection and Preparation of Urine Sample. Urine (24 h) was col
lected by the technique previously described (7) from young male
Fischer rats (Charles River Breeding Laboratory, Wilmington, MA),
fed commercial diet (Purina chow 5012, Ralston Purina Co., Rich
mond, IN). Urine was stored at -80Â°Cuntil use.

Bio-Gel P-100 Chromatography of Urine Sample. One liter of urine
was thawed and centrifuged for 20 min at 8000 rpm at 4Â°C.The

supernatant was filtered through a 0.8-MmNalgene filter (Sybron Corp.,
Rochester, NY) to remove flocculent material and dialyzed against
deionized water with daily change, at 4"( ' for 6 days using a dialysis

tubing (M, 2000 cut-off) (Spectrum Medical Industries, Los Angeles,
CA). The dialyzed and then lyophilized urine sample was dissolved in
0.1 M Tris-HCI buffer, pH 7.5, with 10% ethylene glycol, and applied
to a 2.6- x 90-cm Bio-Gel P-100 (Bio-Rad, Richmond, CA) column
equilibrated with the buffer. Each eluate was collected in 4.5 nil por
tions, monitored by absorbance at 280 nm, and was analyzed for ODC
inducibility and cell growth stimulation in 804G cells (see below).

I'll] I hyniidine Incorporation and Cell Growth Assay. Cells were

plated in 24-well plates (Becton-Dickinson, Oxnard, CA) in MEM or
DME supplemented with 10% FCS at a density of 1 x IO4 cells/ml/

well. Three days after plating, the medium was replaced with test
medium after washing cells once with HBSS. Factors to be tested were
dissolved in the basic medium which consisted of MEM or DME
supplemented with 0.2 and 0.1% FCS, respectively. After an 18-h
incubation in test medium, cells were pulsed for the next 24 h with 0.1
pC\ [3H]thymidine (Amersham Corp., Arlington Heights, IL) delivered

in 50 n\ HBSS and the radioactivity incorporated into trichloroacetic
acid-precipitable material was determined by a scintillation counter
(Beckman Instruments, Irvine, CA). The medium was changed every 2
days and cells were counted every 2 to 4 days.

ODC Assay. 804G cells were plated in 60- x 15-mm dishes at a
density of 1 x 10*cells/dish in 5 ml of MEM supplemented with 10%

FCS. The medium was changed after 4 days Exponentially growing 5-
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day-old cultures were washed once with plain MEM and were incubated
in MEM containing 10 mM Ar-2-hydroxyethylpiperazine-A''-2-ethane-

sulfonic acid and test substance. After 5 h of incubation ODC activity
was measured by the method described previously (5).

CM-Sephadex Chromatography of Biologically Active Fractions. The
sample obtained from Bio-Gel P-100 column was lyophilized and then
dissolved in 0.1 M acetate buffer, pH 5.5, and applied to a 1.6- x 25-
cm CM-Sephadex C-50 (Pharmacia, Inc., Piscataway, NJ) column
equilibrated with the buffer. After elution of unabsorbed fractions with
the buffer, absorbed fractions were eluted with a linear gradient 0 to
1.0 M NaCl in the buffer. Active fractions were pooled and lyophilized.

HPLC of Biologically Active Fractions. The growth-stimulatory frac
tions obtained from the CM-Sephadex Chromatography were dissolved
in 10 HIMBis-Tris propane (Sigma Chemical Co., St. Louis, MO) HC1
buffer, pH 7.5, filtered through Q.2-pm membrane, and loaded onto a
7.5- x 75-mm TSK DEAE-5PW anion-exchange column (Beckman
Instruments, San Ramon, CA) equilibrated with the buffer. Samples
were eluted with a 0 to 1.0 M NaCl linear gradient for 30 min at a flow
rate of 0.5 ml/min by using a Beckman HPLC apparatus Model 332
equipped with an UV monitor (Beckman Instruments). Aliquots from
each fraction corresponding to 280-nm absorbance peaks were assayed
for [3Hjthymidine incorporation to 804G cells.

SDS-PAGE. This was carried out essentially by the method of
Laemmli (14), on a Bio-Rad protein gel electrophoresis system with
the use of 12% polyacrylamide in reducing condition. Slab gels were
stained with 0.1% Coomassie brilliant blue R250 and Bio-Rad silver

stain.
Immunochemical Assays. Double immunodiffusion assay was per

formed by the method described by Ouchterlony (15) using 1.2% agar
in veronal buffer, pH 8.6. ELISA was carried out according to the
technique described by Voller et al. (16). Agents used were rat TF
(chromatographically pure) and rabbit anti-rat TF serum from Cooper
Biomedicai, MÃ¤hern, PA; human TF (substantially iron free) and o-
phenylenediamine from Sigma; rabbit anti-human TF serum from Dako
Corp., Santa Barbara, CA, and horseradish peroxidase-conjugated goat
anti-rabbit IgG from ICN Immunologicals, Irvine, CA. Urinary TF
levels were determined by using fresh and 24 h urines. Fresh urine was
collected between 10 and 11 a.m., from 5 normal Fischer male rats, 20
weeks old. Under general anesthesia, a small suprapubic incision was
made with the use of sterile technique. Under direct vision, urine was
aspirated from the bladder by using a tuberculin syringe. The collected
urine was diluted 500-fold with 10 mM phosphate-buffered saline, pH
7.5, and 0.2-ml portions were used for ELISA with 2 to 20 ng/ml rat
TF as standard.

Inhibition of 804G Growth Stimulated by till or TF by Anti-Rat
TF IgG. 804G cells were seeded in 24 well plates in MEM supple
mented with 10% PCS at a density of 1 x IO4cells/ml/well. Three days

later cells were washed once with HBSS and were allowed to grow in
test media containing UTFF (obtained after CM-Sephadex chromotog-
raphy as described above) or rat TF treated with an anti-rat TF antibody.
The anti-rat TF was initially applied to a protein A-Sepharose affinity
column to remove cytotoxic thimerosal. Salt-eluted IgG was dialyzed
against 0.15 M phosphate-buffered saline, pH 7.O. The IgG solution
(0.3 ml), either undiluted (5.6 mg/ml), diluted 5-fold or 40-fold with
HBSS was reacted with 0.3 ml of UTFF or TF solution (100 Mg/ml
HBSS) for 4 h at room temperature. The reaction mixture was centri-
fuged for 20 min at 8000 rpm at 4Â°C,and 40 n\ of the supernatant were

added to the basic medium containing 0.2% FCS. The medium was
changed every 2 days. Cells were harvested on day 9. Cell numbers were
expressed as means of 3 samples Â±SD.

RESULTS

Isolation and Characterization of UTFF. One liter of normal
rat urine after dialysis and lyophilization yielded 2.3 g of solids.
The elution profile on Bio-Gel P-100 column is shown in Fig.
1. Growth-stimulatory activity as measured by [3H]thymidine

incorporation into 804G cells was detected as a single peak
located immediately after the void volume. This peak was
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Fig. 1. Bio-Gel P-100 Chromatography of normal rat urine. Three hundred
mg of lyophilized urine sample dissolved in 4.0 ml of 0. l M l ris 1ICI buffer, pH
7.5, with 10% ethylene glycol were applied to a 2.6- x 90-cm column. Each
fraction (4.5 ml) was tested in duplicate for [3H]thymidine incorporation into
804G cells (O) and for ODC inducibility (A) as described in "Materials and
Methods."
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Fig. 2. Cation exchange Chromatography of the growth-stimulatory activity
shown in Bio-Gel P-100 Chromatography (tube numbers 20-25). The lyophilized
sample was applied to a 1.6- x 25-cm CM-Sephadex C-50 column in 0. l M acetate
buffer, pH 5.5. After elution of unabsorbed fractions with the buffer, the column
was eluted with a 0 to 1.0 M NaCl gradient. Aliquots from each 2.5 ml fraction
were tested for [3H]thymidine incorporation (O) and ODC induction (A) by using

804G cells.

designated as UTFF. There were two peaks of high ODC
inducibility; one, designated as high molecular weight ODC
(HMW-ODC), was located close to the UTFF peak and par
tially overlapped. The other was located at a lower molecular
weight region and was designated as low molecular weight ODC
(LMW-ODC). These two peaks corresponded to the previously
demonstrated two ODC peaks designated as Fractions 1 and 2
(7). The fractions exhibiting the growth stimulatory activity
were pooled, and lyophilized sample dissolved in 0.1 M acetate
buffer, pH 5.5, was applied to the CM-Sephadex column. A
single sharp /428opeak noted around tube 9 demonstrated ODC
inducibility as well as mild growth stimulatory activity when
the eluates were assayed in 804G cells (Fig. 2). Following
elution of the column with a 0 to 1.0 M linear NaCl gradient,
another peak developed. Fractions obtained from this peak
showed a good growth-stimulatory activity but no ODC indu
cibility. Therefore the former was identified as the HMW-ODC
component and the latter, UTFF. Two Â¿ig/ml/well of the ly
ophilized samples eluted with the NaCl solution enhanced
thymidine incorporation into 804G cells 3.5 times over that of
the control (data not shown; P < 0.001).

The growth-stimulatory component isolated from the CM-
Sephadex column was further purified by using the DEAE
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anion-exchange HPLC. Fifty /ig of the lyophilized sample dis
solved in 200 fil of 10 HIM Bis-Tris propane, pH 7.5, were
loaded onto the column and were eluted with a 0 to 1.0 M NaCl-
linear gradient. Three major /42gopeaks were observed (Fig. 3).
Forty n\ (approximately 1 ng) of each fraction were tested for
thymidine incorporation into 804G cells. Of the 3 peaks ob
served, only that eluted at 0.5 M NaCl significantly enhanced
thymidine incorporation. The UTFF, after dialysis and lyoph-
ilization, was analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. The UTFF formed a major band at
about the A/r 80,000 position. Two minor bands of lower
molecular weight were also demonstrated (Fig. 4). The isoelec-
tric point of the UTFF was estimated to be between 5.5 and
6.0 by the degree of retention of the activity to CM-Sephadex
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Fig. 3. AniÃ³nexchange HPLC of the growth-stimulatory activity derived from
the CM-Sephadex C-50 column. The lyophilized active component dissolved in
10 HIMBis-Tris propane-HCl buffer, pH 7.5, was applied to a 7.5- x 75-mm TSK
DEAE-5PW column and was eluted with a 0 to 1.0 M NaCl linear gradient for
30 min at a flow rate of 0.5 ml/min. Aliquots from each protein peak were
assayed for [3H]thymidine incorporation to 804G cells.

CD

31.0

Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the
growth-stimulatory activity. Growth-stimulatory activity from the aniÃ³nexchange
HPLC (A) and authentic rat TF. Five /il of each sample (2.5 jig) reduced with 2-
mercaptoethanol, was loaded to 12% polyacrylamide gel. The slab gel was stained
with Coomassie brilliant blue R250 followed by silver strain. kl>, molecular
weight in thousands.

under pH range from 4.0 to 8.0. Because these characteristics
were similar to those of TF, authentic rat TF was also applied
to the gel. Its mobility coincided with that of the UTFF.
Immunodiffusion assay with the use of anti-rat TF serum
demonstrated a precipitin line fusing with those of both UTFF
and rat TF (Fig. 5A). Furthermore, the elution time of the
UTFF in the DEAE aniÃ³nexchange HPLC was consistent with
that of the authentic rat TF.

The ODC-inducible fraction isolated by the CM-Sephadex
cation-exchange column also stimulated thymidine incorpora
tion to 804G cells. However, its activity appeared less than that
of the UTFF; 20 /ig/ml/well of lyophilized sample stimulated
thymidine incorporation only twice as high as that of the
control. No cross-reactivity with anti-rat TF serum was demon
strable (Fig. 5Ã„).

Growth Stimulation of Cancer Cells by UTFF and TF. Stim
ulatory effects of UTFF and TF on the growth of bladder and
prostate carcinoma cells were examined. Both UTFF and TF
when added at the concentration of 0.2 ^g/ml/well demon
strated an identical growth-stimulatory pattern which was sig
nificantly higher than that of the basic medium (P values
ranging from less than 0.001 to 0.05, depending on time points;
Student's t test) (Fig. 6). The ODC-inducible fraction from the

CM-Sephadex column (HMW-ODC) also stimulated growth

but its effect was less and required a higher concentration (10
Mg/ml) (P < 0.05, day 9 only). Addition of the HMW-ODC
fraction to the medium containing UTFF or TF did not boost
the effects exhibited by UTFF or TF alone (data not shown).

Fig. 5. Immunodiffusion of UTFF (urinary growth-stimulatory factor) and
the HMW-ODC inducible fraction. A, authentic rat TF is in well 1 and urinary
growth stimulatory factor from HPLC in wells 2 and 3. lÃ¬.authentic rat TF in
well 1, UTFF from CM-Sephadex column in well 2, and HMW-ODC-inducible
fraction in well 3. In both plates, well 4 contains 10 n\ of rabbit anti-rat TF serum.
Each well contains 10 Â¡L\(5 UK)of sample.

17

Fig. 6. Effect of the UTFF and the HMW-ODC-inducible component on the
growth of 804G cells. 804G cells were subcultured at 1 x 10* cells/ml/well in
MEM with 10% FCS. Three days later medium was changed to 0.2% FCS-MEM
with test factor. Cell number per well was counted at days indicated. Medium
was changed every 2 days. Points, mean of triplicates. Factors added to the basic
medium (O O) were 0.2 fig/well of UTFF from CM-Sephadex column
(D O); 0.2 /Â¿gof rat TF (A A); 10 Â¿igof HMW-ODC-inducible component
(0â€”0) and 10% PCS (â€¢ â€¢).
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The LMW-ODC was not tested for growth stimulation.
Both UTFF and rat TF also stimulated significantly growth

of other bladder carcinoma cells derived from Fischer rats,
RBTCC-8 (Fig. 7), AY-34 (Fig. SA), and SS-24B (Fig. SB),
when tested in the serum-deficient (Fig. 7) or depleted (Fig. 8)
medium. On the other hand, rat TF at 1, 10, and 100 fig/ml
did not stimulate the growth of human bladder carcinoma cells
(253J) (Fig. 8C). Human TF did not show any demonstrable
effect on the human bladder carcinoma (253J) or the prostate
carcinoma cells (DU 145) (Fig. 8, C and D).

Inhibition by Anti-Rat TF IgG of 804G Growth Stimulated by
UTFF or TF. Mixing UTFF or TF with the undiluted or 5-
fold-diluted antibody solution formed visible precipitins which
amounted, respectively, to 58 and 9 Â¿igfor UTFF and 107 and
20 Mg for TF (Bio-Rad protein assay kit). Addition to the
medium of these supernatant s completely abrogated the stim-
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Fig. 7. Effect of the UTFF and HMW-ODC-inducible component on the
growth of a rat bladder carcinoma cell RBTCC-8. Experimental procedure was
the same as that for 804G cells shown in Fig. 6, except for using 0.1% FCS-
supplemented DME as basic medium (O O). Factors added were 0.2 Â¿ig
(A A) and 1 fig (A A) of rat TF; 1 ng of UTFF from CM-Sephadex column
(D O); 10% FCS (â€¢ â€¢);and 10 ,ig of the HMW-ODC-inducible compo
nent (O O).
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Fig. 8. Effect of TF on growth of rat and human carcinoma cells in serum-

free medium. Rat bladder carcinoma (AY34), human bladder carcinoma (2S3J),
and human prostate carcinoma (DU 145) were subcultured at 1 x IO4cells/ml/
well in MEM with 10% FCS, and rat bladder carcinoma (SS-24B) was plated in
DME with 10% FCS. The experimental procedure was the same as that in Fig.
6 except for using serum-free MEM or DME as the basic medium (O). In I. B,
and C, test factors added were rat TF at 1 fig/ml (A); 10 *tg(A); 100 /Â¿g(D); and
10% FCS (â€¢).In D, test factors added were human TF at 1 jig/ml (A); 5 fig (A);
25,ig(0);and 10% FCS (â€¢).

ulatory effects of UTFF or TF (P < 0.001 ; Fig. 9). The 40-fold-
diluted antibody solution partially blocked UTFF and TF ef
fects (P < 0.01). Neither nonimmune rabbit IgG nor immune
IgG at any dilution affected the growth of 804G cells (data not
shown).

Urinary Concentration of TF and Immunological Cross-Reac
tivity between Human and Rat TFs. Urinary TF was determined
by ELISA using anti-rat TF serum. Normal rat urine collected
by bladder puncture contained 4.2 Â±0.3 tig/m\ of TF, whereas
the TF concentration in 24-h urine was 11.1 /ig/ml. These
values are comparable with the TF concentrations (0.2 to 5 ng/
ml) required to stimulate in vitro cell growth.

Immunological cross-reactivity between human and rat TFs
was determined by comparing reactivity with the homologous
and heterologous antibodies. Human TF showed 4.6% cross-
reactivity with anti-rat TF as determined by ELISA, and rat TF
showed 11% reactivity with anti-human TF.

DISCUSSION

Previously, we partially purified a high molecular weight
component from normal rat urine which stimulated ODC in
duction and polyamine and DNA synthesis in 804 G cells (17,
18). This component, designated as Fraction 1, when repeatedly
instilled into the bladder lumen enhanced tumor induction in
the HTB system pretreated with carcinogen. Thus, presence in
Fraction 1 of a promoter-like substance(s) was suggested. The
present study was intended to isolate a tumor-enhancing sub
stance from normal urine, in particular, from Fraction 1. In
search for such a substance, we chose ODC inducibility and
stimulation of cell growth in 804G cells as markers. Results
clearly indicated that Fraction 1 contains two biologically active
components which are separable by several Chromatographie
steps; one with potent growth-stimulatory capacity in bladder
carcinoma cells but with little or no ODC inducibility. This was
designated as UTFF. Our study showed this component to
contain TF by Chromatographie and immunoreactive methods.
It remains to be determined that the tumor-enhancing activity
by Fraction 1 (7) can be attributed to TF action and/or to the
HMW-ODC. The second component, which remains to be fully
characterized, has a capacity to induce ODC and also to stim
ulate DNA synthesis in 804G cells, although its cell growth-
stimulatory activity appears less than that of the UTFF or TF.

TF is required for in vitro growth of many kinds of mam
malian cells including malignant cells (19). Its basic function is
to deliver two ferric ions into cells mediated by the cell surface
receptors (20, 21). Recently, TF and TF-like protein and their
receptors have attracted increasing attention because they ap-
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Fig. 9. Effects of anti-rat TF IgG on the growth of 804G stimulated by UTFF
or TF. Anti-rat TF IgG solution, either undiluted, diluted S-fold or 40-fold, was
reacted in a test tube with UTFF or TF at room temperature for 4 h. The reaction
mixture was centrifugea and an aliquot of the supernatant was added to the basic
medium containing 0.2% FCS. The medium was changed every 2 days. On day
9, cell numbers were counted and expressed as means of 3 samples Â±SD.
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pear to be involved in cell growth regulation. For example, in
order for quiescent human T-lymphocytes to proliferate in
response to mitogenic stimuli, sequential induction, first, of
interleukin 2 receptors and then TF receptors was found to be
necessary (22). TF receptors are expressed at high levels in
most rapidly proliferating normal cells as well as many trans
formed cells (23-25). Monoclonal antibody to TF receptors
suppressed the growth of leukemia cells (24) and human solid
tumor cells (26). Using monoclonal antibodies, wide distribu
tion of TF receptors was demonstrated in human adenocarci-
noma of the breast, colon, kidney and pancreas, squamous
carcinoma of the skin, transitional cell carcinoma of the urinary
bladder, and sarcoma; in normal tissue, the receptors were
found in a limited number of organ sites (27).

TF is a normal component in human and rat urine (28, 29).
It is then reasonable to ask why urinary TF does not stimulate
urothelial cell growth under normal conditions. We only spec
ulate at this time that response to TF may depend on the level
of TF requirement and perhaps also on the qualitative and
quantitative alterations in TF receptors on cell surface. It is
quite likely that these parameters may be altered during the
stage of carcinogenesis. It is interesting to note that the two
human carcinoma cells (253J and DU 145) in the present study
showed no response to either human or rat TF. Thus there is a
possibility of TF-sensitive (dependent) and -insensitive (inde
pendent) carcinoma cells. TF and TF-like activity have been
demonstrated as a growth factor in murine T-lymphoma cells
(30) and in chicken nerves as well as chick embryo extract (31-
33). These findings suggest that there may be complicated
adaptive control mechanisms in TF requirement and response
to TF during carcinogenesis. Our logical next step is to inves
tigate whether TF alone can enhance urinary bladder carcino
genesis or whether TF requires other factors such as the ODC-
inducible component for tumor promotion. Indeed it is quite
likely that additional urinary components may be involved in
tumor enhancement by urine. Since our search for urinary
growth factors solely depended upon the response by bladder
carcinoma cell 804G, it is conceivable that additional important
urinary components remain undiscovered. Our future investi
gation should consider using some other types of cells, both
urothelial and others, and both normal and abnormal.
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