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Abstract-The effects of EGF, FGF, RA and serum on anchorage-dependent and anchorage- 
independent growth of HRRT cells were studied. The five different &pes of serum tested in the 
present work induced a dose dependent rise in anchorage-independent growth in aggregates. FCS, 
SBCS and RS also supported colony formation in soft agar, whereas BS and HS had no sign+ant 
effect. EGF and FGF stimulated anchorage-dependent growth of HRRT cells in monolayers. The 
peptide growth factors were also found to induce phenofypic transformation of the nonneoplastic 
HRRT cells, as measured by anchorage-independent growth in soft agar as well as in aggregates. 
At cquimolar concentrations EGF was much more effective than FGF. The stimulating effect of 
EGFand FGFon cellprolrferation in the aggregateform was markedly inhibited by RA. Treatment 
of HRRT cells with the highest noncytotoxic concentration of RA, 2 X 10W7 M, reduced the 
stimulating effect of bothgrowthfactors by about 60%. 

INTRODUCTION 
ACCUMULATING data indicate that the ability of 
mammalian cells to survive and proliferate in aggre- 
gates is closely correlated to their tumorigenic 
potential [l-5]. We have previously shown that 
assay ofcell viability in an aggregation system using 
the untransformed HRRT cell line appears to be a 
reliable endpoint for in vitro studies on the initiation 
and promotion phases of cell transformation [6]. 

During the course of studies on chemical-induced 
carcinogenesis using the aggregation assay we 
observed that serum was a critical factor in the 
system. Serum is known to contain low levels of 
several transforming and growth-regulating factors 
[7-lo], and studies have been initiated to obtain 
more information on the factors controlling the 
ability of mammalian cells to survive and proliferate 
in the aggregate form. 

The purpose of the present work was to determine 
whether the anchorage-dependent growth of the 
HRRT cells in monolayers as well as the anchorage- 
independent growth in aggregates and in soft agar 
was affected by the growth factors EGF and FGF. 

Accepted 26 October 1988. 
The abbreviations used are: EGF, epidermal growth factor; 
FGF, fibroblast growth factor; RA, retinoic acid; NCS, newborn 
calf strum; FCS, fetal calf serum; SBCS, special bobby calf 
serum; HS, horse serum; RS, rabbit serum. 
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The modulating effects of serum and retinoic acid 
have also been studied. 

MATERIALS AND METHODS 

Chemicals 
Waymouth’s medium and serum were obtained 

from Gibco Biocult, Paisley, U.K. EGF, FGF, RA 
and all other chemicals used in the present work 
were purchased from Sigma. Stock solutions of 
RA (10 mM) were made in ethanol and stored in 
freezing vials in liquid nitrogen. Dilutions were 
made immediately before use in medium such that 
the final concentration ofethanol was 0.2%. Control 
experiments were done in the presence of 0.2% 
ethanol. Stock solutions of EGF (5 pg/ml) and 
FGF (5 kg/ml) in medium were stored at -20°C. 
Dilutions were made immediately before use in 
medium. 

Cells 
The HRRT fibroblast rat kidney cell line used in 

the present work has been described previously 
[ 111. The cells are grown in monolayer cultures on 
Waymouth’s medium (MAD 82/3) supplemented 
with 4% NCS, penicillin (100 units/ml) and strepto- 
mycin (50 pg/ml). The cells are free of mycoplasma 
contaminations as tested by the method of Chen 

[121. 
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Fig. 2. Effect of EGF and FGF on cell growth in monolayers at various 
serum concentrations. Multiwell plastic plates were inoculated with 
2.5 X IO4 cells/well in 2 ml ofmcdium with 4% NCS and incubated in 
a humi&d atmosphere of 5% CO, in air. After 24 h the medium was 
replaced with fresh medium containing EGF (5 nglml) or FGF (5 ngl 
ml), and various concentrations of serum as indicated. Cell counts were 
pufowned with an automatic particle counter ajer 5 days of incubation. 

Each point represents the mean from four wells, 2 standard deviation 

growth in soft agar of various nontransformed cells. 
Similar results were obtained with the HRRT cell 
line in the present work. Both EGF (Fig. 3A) and 
FGF (Fig. 4A) induced a dose-dependent rise in the 
colony forming ability in soft agar. At equimolar 
concentrations EGF was about 10 times more 
potent than FGF. It also appears from Fig. 3B and 
Fig. 4B that the rise in colony formation induced 
by the growth factors was dependent on the serum 
concentration in the medium. Below 5% serum 
EGF and FGF had no significant effect on soft agar 
growth of HRRT cells. 

Interestingly, in the present work it was found 
that EGF as well as FGF had a dramatic effect on 
the anchorage-independent growth and survival 
of HRRT cells in aggregates. The data in Fig. 5 
demonstrate that both growth factors induced a 

A 

L 
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dose-dependent increase in cell number in the aggre- 
gation assay system. In the presence of 10 ng/ml of 
EGF a sixfold enhancement in the number of viable 
cells was found as compared to control cultures 
without added growth factor. Similar to the results 
obtained in the soft agar system, a considerably 
smaller effect was found with FGF. Thus, with 
100 ng per ml of medium, a fourfold increase in cell 
number was found after 6 days ofincubation. When 
EGF and FGF were removed from the medium, 
HRRT cells retained their original normal growth 
pattern in the aggregation system. 

It should be noted that the stimulating effect of 
the growth factors on the aggregation system is not 
only due to increased cell survival. All experiments 
were started with lo5 cells per ml of medium. After 
6 days of incubation the number of viable cells in 
control cultures was about 0.3 X 10” cells per ml, 
whereas with 10 ng of EGF and 100 ng of FGF per 
ml of medium, the mean cell number was 1.9 X lo5 
and 1.2 X 10” cells per ml, respectively. Thus, 
the growth factors induced a marked increase in 
proliferation of HRRT cells in aggregate form. 

It has previously been observed that retinoic acid 
inhibits the phenotypic transformation of nonneo- 
plastic cells by peptide growth factors, as measured 
by colony formation in soft agar [ 14, 16, 171. From 
the results in Fig. 6 it appears that retinoic acid 
blocked anchorage-independent growth of HRRT 
cells in aggregates in a dose-dependent manner. The 
EGF- and FGF-induced stimulation was completely 
inhibited by lo-” retinoic acid and showed an lcso 

of about lop7 M. It should be noted that retinoic 
acid at concentrations above 2 X low7 M was 
found to inhibit proliferation in monolayers of 
HRRT cells (data not shown). At this nontoxic 
concentration, retinoic acid reduced the stimulating 
effect of both EGF and FGF on growth in aggregates 
by about 60% at various concentrations of the 
growth factors (Fig. 5). 

0 
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Fig. 3. Effect of EGFon colony formation in soft agar. Single cells suspended in medium containing various concentrations of EGF 
and FCS as indicated were seeded in soft agar. The points are the mean -t standard deviation of the number of colonies from eight 

cultures. 
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Fig. 4. Effect of FGF on colonyformation in soft agar. Single cells suspended in medium containing various concentrations of FGF 
and FCS as indicated were seeded in soft agar. The points are the mean ‘- standard deviation of the number of colonies from eight 

cultures. 
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Fig. 5. Effect of EGF, FGF and RA on survival and growth of HRRT cells in aggregates. 2 X 10’ cells suspended in 2 ml of 
medium containing the indicated concentrations of EGF or FGF were seeded in Petri dishes as described in Materials and Methods. 
The concentration of RA was 2 X lo-’ M. The points are the mean f standard deviation of three different experiments. In each 
experiment triplicate cultures were prepared for each concentration of growth factor. The total number of viable cells in control 

cultures after 6 days of incubation variedfrom 3 to 4 X 104. 

DISCUSSION 
The HRRT cell line used in the present study 

was derived from a hereditary renal rat tumor. 
However, the cells are not able to form colonies in 
soft agar, and do not form tumors in nude mice 
[ 111. Thus, the cells lack properties generally con- 
sidered to be typical of transformed cells, and 
behave as an untransformed cell line. In a previous 
report we have shown that the aggregation assay 
system using the HRRT cell line may be a useful 
model system for studies on the initiation and 
promotion phases of cell transformation [6]. More- 
over, since the aggregation properties appears to 
occur before the appearance of other conventional 
criteria of cell transformation, the assay may prove 
to be a valuable short-term test for carcinogen 
screening in vitro. 

The ability of cells to produce colonies in soft agar 
is one of the criteria commonly used to determine 
malignant transformation. Accumulating data indi- 
cate that the ability ofmammalian cells to proliferate 
in aggregates, when suspended in liquid medium 
above an agar base, is closely correlated with their 
tumorigenic potential [l-5]. The data in the present 
report show that the growth factors EGF and FGF 
reversibly induced the nonneoplastic fibroblast 
indicator HRRT cell line to express a transformed 
phenotype. Thus, both peptides had a marked 
stimulating effect on the ability of HRRT cells to 
form colonies in soft agar as well as on survival and 
proliferation in the aggregate form. Furthermore, 
the results also demonstrate that retinoic acid is a 
potent inhibitor of the EGF and FGF induced 
phenotypic transformation of HRRT cells, as meas- 
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Fig. 6. Inhibiting effect of RA on EGF and FGF induced stimulation of 
growth in aggregates. 2 X lo5 cells in 2 ml of medium containing EGF 
(10 ng/ml) or FGF (100 ng/ml) and the indicated concentrations of 
RA were seeded in Petri dishes as described in Materials and Methods. 
Points ore mearu 2 standard deviation from three individual experiments, 

for a total of nine dishesperpoint. 

ured by anchorage-independent growth in aggre- 
gates. This observation is in agreement with the 
findings in a number of other systems. Retinoids 
have previously been extensively studied for anti- 
neoplastic activity in vitro [14, 16-201 and in vivo 
[21-241. While most studies indicate that retinoic 
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acid inhibited carcinogenesis, recent reports have 
shown an enhancing effect in various model systems 
[25-291. 

The role of EGF and FGF in the expression of 
the transformed phenotype of HRRT cells, as well 
as the mechanisms of the protective action ofretinoic 
acid, are unknown. However, evidence that growth 
factors might be directly involved in malignant cell 
transformation has recently accumulated. Thus, 
peptide growth factors including EGF and FGF 
have been found to induce phenotypic transform- 
ation of various nontransformed cell lines [13-l 71, 
and it has become evident that cells transformed by 
viruses and cells stimulated by growth factors are 
strikingly familiar. 

WC have previously shown that measurements of 
cell viability in the aggregation assay system, using 
the nonneoplastic HRRT indicator cell line, are a 
reliable endpoint for in vitro studies ofcell transform- 
ation [6, 301. The strong response to peptide growth 
factors observed in the present work, as well as 
previous data on chemical carcinogens [6, 301, seem 
to suggest that the aggregation assay may be a 
useful model system for studies on mechanisms 
involved in malignant cell transformation. 

Acknowledgements-Theexcellent technicalassistanceofMrs. 
M. Svaerrn and IUrs. E. Roenning is gratefully acknowledged. 

REFERENCES 
Steuer AF, Rhims JS, Hentosh PM, Ting RC. Survival of human cells in the aggregate 
form: potential index of in vitro cell transformation.JNCZ 1977, 58, 917-92 1. 
Putman DL, Park DK, Rhim JS, Steuer AF, Ting RC. Correlation of cellular aggregation 
of transformed cells with their growth in soft agar and tumorigenic potential. Proc Sot Exp 
Biol Med 1977, 155, 487-494. 
Rhim JS, Koh KS, Chen A, Essex M. Characterization of clones of tumorigenic feline cells 
transformed by a chemical carcinogen. Znt J Cancer 1981, 28, 51-57. 
Rhim JS, Park DK, Arnstein P, Nelson-Rees WA. Neoplastic transformation of canine 
embryo cells in vitro by N-methyl-N’-nitro-N-nitrosoguanidine. Int J Cancer 1978, 22, 
441-446. 
Traut KA, Kachevsky V, Wolff JS. A rapid in vitro assay for carcinogenicity of chemical 
substances in mammalian cells utilizing an attachment-independence endpoint. Int,J Cunrer 
1979, 23, 193-196. 
Eker P, Sanner T. Assay for initiators and promoters ofcarcinogenesis based on attachment- 
independent survival of cells in aggregates. Cancer Res 1983, 32, 320-323. 
Peehl DM, Stanbridge EJ. Anchorage-independent growth of normal human fibroblasts. 
Proc Nat1 Acad Sci USA 1981, 78, 3053-3057. 
Childs CB, Proper JA, Tucker RF, Moses HL. Serum contains a platelet-derived transfor- 
ming growth factor. Proc Nat1 Acad Sci USA 1982, 79, 5312-5316. 
Kaplan PL, Ozanne B. Cellular responsiveness to growth factors correlates with a cells 
ability to express the transformed phenotype. Cell 1983, 33, 931-938. 
Hamburger AW, White CP, Dunn FE, Citron ML, Hummel S. Modulation of human 
tumor colony growth in soft agar by serum. Int J Cell Cloning 1983, 1, 216-229. 
Eker P, Eker R, Johannessen JV. Establishment and characterization of a new cell line 
from a hereditary renal rat tumor. In Vitro 1983, 19, 495-503. 
Chen TR. In situ detection of mycoplasma contamination in cell cultures by fluorescent 
Hoechst 3358 stain. Exp Cell Res 1977, 104, 255-262. 
Roberts AB, Anzano MA, Wakefield LM, Roche NS, Stern DF, Sporn MB. Type p 
transforming growth factor: a bifunctional regulator of cellular growth. Proc Nut1 Acud Sci 
1985, 82, 119-123. 

WC 25:3-G 



504 P. Eker 

14. Roberts AB, Roche NS, Sporn MB. Selective inhibition of the anchorage-independent 
growth of myc-transfected tibroblasts by retinoic acid. Nature 1985, 315, 237-239. 

15. van Zoelen EJ, van Oostwaard TMJ, de Laat SW. Transforming growth factor-I3 and 
retinoic acid modulates phenotypic transformation of normal rat kidney cells induced by 
epidermal growth factor and platelet-derived growth factor. J Biol Chem 1986, 261, 
5003-5009. 

16. Rizzino A, Ruff E. Fibroblast growth factor induces the soft agar growth of two non- 
transformed cell lines. In Vitro Cell Develop Biol 1986, 22, 749-755. 

17. Todaro GJ, de Larco JE, Sporn MB. Retinoids block phenotypic cell transformation 
produced by sarcoma growth factor. Nature 1978, 276, 272-274. 

18. Merriman RL, Bertram JS. Reversible inhibition by retinoids of 3-methyl cholanthrene- 
induced neoplastic transformation in CSH/lOT l/2 Clone 8 cells. Cancer Res 1979, 39, 
1661-1666. 

19. Rodrigues M, Balicki D, Newrock KM, Mukherjee BB. Lack of correlation between loss of 
anchorage-independent growth and levels of transformation-specific p53 protein in retinoic 
acid-treated F9 embryonal carcinoma cells. Exp Cell Res 1985, 156, 22-30. 

20. Levine AE, Crandall CA, Brattain D, Chakrabarty S, Brattain MG. Retinoic acid restores 
normal growth control to a transformed mouse embryo fibroblast cell line. Cancer Lett 
1986, 33, 33-43. 

21. Dawson MJ, Chao W, Helmes CT. Inhibition by retinoids of anthralin-induced mouse 
epidermal ornithine decarboxylase activity and anthralin-promoted skin tumor formation. 
Cancer Res 1987, 47, 6210-6215. 

22. Verma AK. Inhibition of both stage I and stage II mouse skin tumor promotion by retinoic 
acid and the dependence of inhibition of tumor promotion on the duration of retinoic acid 
treatment. Cancer Res 1987, 47, 5097-5101. 

23. Holtzman S. Retinyl acetate inhibits estrogen-induced mammary carcinogenesis in female 
AC1 rats. Carcinogen 1988, 9, 305-307. 

24. Schleicher RL, Moon RC, Pate1 MK, Beattie CW. Influence of retinoids on growth and 
metastasis of hamster melanoma in athymic mice. Cancer Res 1988,48, 1465-1469. 

25. Verma AK, Conrad EA, Boutwell RK. Induction of mouse epidermal ornithine decarboxy- 
lase activity and skin tumors by 7,12-dimethyl-benz(a)anthracene: modulation by retinoic 
acid and 7,8-benzflavone. Carcinogen 1980, 1, 607-611. 

26. Hennings H, Wenk ML, Donahoe R. Retinoic acid promotion of papilloma formation in 
mouse skin. Cancer Lett 1982, 16, 1-5. 

27. Rivedal E, Sanner T. Retinoids have different effect on morphological transformation and 
anchorage independent growth of Syrian hamster embryo cells. Carcinogen 1985, 6, 
955-958. 

28. Fischer SM, Klein-Szanto AJP, Adams LM, Slaga TJ. The first stage and complete 
promoting activity of retinoic acid but not the analog RO-10-9359. Carcinogen 1985, 6, 
575-578. 

29. Kulesz-Martin M, Blumenson L, Lisafeld B. Retinoic acid enhancement of an early step in 
the transformation of mouse epidermal cells in vitro. Carcinogen 1986, 7, 1425-1429. 

30. Eker P, Sanner T. Initiation of in vitro cell transformation by formaldehyde and acetaldehyde 
as measured by attachment-independent survival of cells in aggregates. Eur J Cancer Clin 
Oruol 1986, 22, 671-676. 


