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ABSTRACT

The secretion of transforming growth factors (TGFs) a and ÃŸby
normal, chemically transformed, and malignant rat liver epithelial cell
lines was investigated. The WB-F344 normal cultured rat liver epithelial
cell line does not secrete an epidermal growth factor-like (putative!)
TGF-a) activity, but several clonal cell strains derived from WB-F344
cells which had been treated with JV-methyl-/V'-nitro-AT-nitrosoguanidine,

especially those that expressed high levels of â€¢y-glutamyltranspeptidase,

secreted TGF-a-like activity into their conditioned media. Cell lines

obtained from tumors which were produced by these cell strains varied
in their abilities to secrete TGF-a, even though they all expressed high
levels of â€¢Y-glutamyltranspeptidase activity. When two of the non-TGF-

a-secreting tumor cell lines were transplanted into isogeneic rats, the
tumors that formed contained high levels of TGF-a-like activity. Al
though epidermal growth-factor (hence, TGF-a also) inhibited the pro

liferation of several of these tumor cell lines in monolayer cultures, this
growth factor often paradoxically stimulated the anchorage-independent
growth of the same cell lines. In contrast to TGF-a-like activity, all cell
lines/strains released TGF-/9 activity into their conditioned media. How

ever, while both normal or chemically transformed cell strains typically
produced the inactive form of TGF-/9, the tumor cell lines tended to
produce activated TGF-0 de novo. Anchorage-independent growth of cell
lines that produced active TGF-0 was either stimulated, inhibited, or
unaffected by TGF-/3. Cell lines that were inhibited by TGF-/3 concur
rently produced TGF-a which was usually able to overcome the negative
"automne" effect of TGF-/3. We conclude that both TGF-a and TGF-0,

singly or in combination, are variously involved in the growth of trans
formed rat liver epithelial cells. TGF-a has a predominantly positive

autocrine action on the growth of rat liver epithelial tumor cell lines. The
"paracrine" effect of TGF-/2 may be at least as important as its autocrine

effect in the growth of these transformed epithelial cell lines.

INTRODUCTION

TGFs can be defined operationally as growth factors which
confer the transformed phenotype (anchorage-independent
growth) on untransformed (anchorage-dependent) fibroblastic
indicator cells in vitro (1, 2). TGF was first isolated from the
conditioned medium of murine sarcoma virus-transformed
mouse fibroblasts and initially was called sarcoma growth factor
(3). Subsequent studies using high-performance liquid chro-
matography demonstrated that sarcoma growth factor actually
consisted of two different TGFs, a and ÃŸ(4). While TGF-a,
which is homologous in its structure and action to EGF, is
predominantly a growth-stimulatory polypeptide (5), several
investigators have shown that TGF-0 inhibits the anchorage-
dependent and/or -independent growth of most cultured cells,
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especially epithelial cells (1,6, 7). Furthermore, since most if
not all normal and neoplastically transformed cells synthesize
and secrete TGF-0 (1, 2, 8), as well as express the surface
receptor (1, 9, 10) to this growth factor, the role of TGF-/3 in
the regulation of the growth of normal and neoplastic cells is
unclear.

Cultured rat liver epithelial cells have been used extensively
to study events and mechanisms in neoplastic transformation
of epithelial cells (11-16). We have previously reported that
EGF (hence, also TGF-a) can induce or enhance the colony-
forming ability in soft agar of chemically treated or transformed
rat liver epithelial cells (17). In fact, the emergence of EGF-
induced anchorage-independent growth capacity is the earliest
and possibly the most reliable phenotype to indicate the immi
nent tumorigenic transformation of cultured rat liver epithelial
cells. On the contrary, TGF-/8 inhibits DNA synthesis and
proliferation of normal cultured rat liver epithelial cells (18,
19), but TGF-/3 does not inhibit the proliferation of an alia toxin
B,-transformed cell line ( 18). TGF-/3 neither induces anchorage-
independent growth of normal rat liver epithelial cells nor
affects the growth of aflatoxin B,-treated cells in soft agar (18).
Differential sensitivity of malignant versus normal cells to the
inhibitory effect of TGF-/3 has been proposed to be one of the
mechanisms by which TGF-ÃŸexerts a role in tumorigenesis
(18, 20). In this study we analyze the production of TGFs by
normal rat liver epithelial cell lines, by clones of chemically
transformed rat liver epithelial cells, and by cell lines derived
from tumors produced by the transformed epithelial cells, and
we examine the roles of these growth factors in the "autocrine"

regulation of the growth of these cells.

MATERIALS AND METHODS

Tissue culture plates were obtained from Falcon (Becton-Dickinson,
Mississauga, Ontario). Richter's IMEM-ZO was obtained from Irvine

Scientific (Irvine, CA). Fetal bovine serum and receptor grade EGF
were from Gibco (Burlington, Ontario). TGF-/ÃŽwas purchased from R
& D (Minneapolis, MN). [3H]Methylthymidine and 125Iwere, respec

tively, from 1CN (Montreal, Quebec) and Amersham Canada Ltd.
(Oakville, Ontario).

Cell Lines. The establishment and phenotypic characteristics of all
of the cell lines used have been described previously. Briefly, the WB-
F344 normal rat liver epithelial cell line was isolated from an adult
male Fischer 344 rat (21). This cell line was tumorigenically trans
formed by eleven episodic treatments with 5 Mg/ml of MNNG (16).
Clonal cell strains (GGT-positive and -negative strains) were isolated
from this transformed cell line based on their expression of GGT
enzyme (22). These cell strains were transplanted into 1-day-old iso
geneic rats for tumorigenicity testing, and tumor cell lines were isolated
from some of the tumors formed (23). Tumor cell lines were named
according to the cell strains from which they were derived, i.e., GP6TB
originated from one of the tumors produced in a rat injected with GP6
cells. To induce second generation tumors, these tumor cell lines were
transplanted into the s.c. tissue of newborn Fischer 344 rats and 4-6
wk later the tumors were harvested and stored at -80Â°C prior to

extraction of TGFs.
Conditioned Medium. Cells were grown in 20 100-mm tissue culture

plates in Richter's IMEM-ZO containing 10 mM HEPES and 10%
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fetal bovine serum. After the cultures had become confluent, they were
washed once with Ca2+-Mg2+-free Hanks' balanced salt solution and

then incubated in 10 ml of serum-free IMEM-ZO. One day later, the
medium on each plate was discarded and replaced by 10 ml of fresh
serum-free medium. The conditioned medium was collected every 2 to
3 days until a total volume of 1 liters was accumulated from each
culture. Collected media were always stored frozen at -20Â°C.

Each batch of conditioned medium was concentrated approximately
20 times using the Amicon CH2 Hollow Fiber concentrator with a
molecular-weight cutoff of 3500. The concentrated medium was exten
sively dialyzed with 1% (v/v) acetic acid solution using Spectrophor
membrane molecular-weight cutoff of 3500) and further concentrated
with Amicon ullnifilt ration cells to a volume of approximately 10 ml.
After ultracentrifugation at 100,000 x g, the supernatant was sterilized
by passage through 0.2 urn membrane filter and then lyophilized. The
powder was solubilized in 4 IHM HC1 to a final concentration of
approximately 2 mg/ml.

Extraction of TGFs from Tumor Tissue. This procedure was per
formed exactly according to Roberts et al. (24). The final extract was
lyophilized to dryness and reconstituted with 4 HIM HC1 to a final
concentration of 2 mg/ml.

Bioassay of TGFs. TGFs were assayed using NRK-c49 cells (Amer
ican Type Culture Collection, Rockville, MD) as the indicator cells.
The soft agar medium was prepared according to DeLarco and Todaro
(3) with two modifications. The medium used was Richter's IMEM-

ZO with or without insulin at 4 Mg/ml, and the top agar layer was 0.5%
rather than 0.3%. IMEM-ZO containing HEPES buffer allows a better
control of the pH of the agar medium than does Dulbecco's modified
Eagle's minimal essential medium, and the 0.5% top agar layer also

facilitates handling of plates and counting of colonies. Our preliminary
results have shown that increased consistency of the agar does not alter
significantly the CFEs of NRK-C49 cells in the presence or absence of
EGF.! A total of 100 /Â¿gof protein from processed conditioned medium

was added to each plate, colonies were allowed to form during culture
for 14 days, and the colonies were stained overnight at 37"C"with a

solution containing /3-NADH and nitroblue-tetrazolium at concentra
tions of 0.5 mg/ml each. Colonies were counted with a dissecting
microscope fitted with an ocular micrometer. Control plates without
added protein prepared from conditioned media were always performed
in parallel in each experiment. For the assay of TGF-/3, EGF was also
added to the agar medium at a final concentration of 2 ng/ml.

The assay for anchorage-independent growth of rat liver epithelial
cells has been described previously (12). In most cases, plates were
incubated for 2 to 4 wk before the colonies were stained and counted.

'"I Labeling of EGF. lodo-Gen (Pierce Chemical Co., Rockford, IL)
was used to catalyze the iodination reaction. The I2SI labeling was

performed according to the instructions of the company. Five Â¿tgof
EGF were reacted with 500 //Ci of I25Ifor 30 min. The unbound '"I

was removed by elution through a prepacked disposable Excellulose
GF-5 desalting column (Pierce) with phosphate-buffered saline contain
ing 0.1% bovine serum albumin. The fractions were checked for '"I-
EGF by assaying specific binding to A-431 cells in 24-well culture
plates. The fractions containing bioactive '"I-EGF were pooled and

stored frozen in the eluting buffer at a specific activity of approximately
20,000 cpm per mg of '"I-EGF.

Competitive I2!I-EGF Binding. This assay was performed according
to Lin et al. (25). Approximately IO5 A-431 cells were plated in each

well of 24-well tissue culture plates, and binding was evaluated 1-2
days later. Cells were rinsed 3 times with ice-cold serum-free Dulbecco's
modified Eagle's minimal essential medium containing 0.1% bovine

serum albumin and 50 m\i HEPES, pH 7.4, and then incubated with
0.5 ml of this medium for 45 min at 4Â°C.Subsequently, 200 ÃŸgof

protein derived from conditioned media or 1 Â¿igof unlabeled EGF (to
measure nonspecific binding) were added. A total of 20,000 cpm of
'"I-EGF was then added and incubated further for 2 h at 4Â°C,at which

time the medium was removed and cells were rinsed twice with 2 ml of
ice-cold phosphate-buffered saline containing 0.1% bovine serum al
bumin. Cells were then solubilized in 1 ml of l N NaOH at 37Â°Cfor

18-24 h and the solution was counted in a gamma counter (Nuclear,
Chicago, IL).

DNA Synthesis. The effects of EGF and TGF-/3 on the proliferation
of rat liver epithelial cell lines cultured in monolayers were measured
by incorporation of [3H]thymidine into the acid-precipitable fraction of
cells. Cells (5 x IO4) were plated in each replicate of 60-mm tissue
culture plates in IMEM-ZO containing 10% fetal bovine serum. Two
days later, the medium was changed to fresh medium containing EGF
(10 ng/ml) and/or TGF-/3 (1 ng/ml). [3H]Thymidine incorporation was

performed as described previously (26).

RESULTS

Effect of Insulin on CFE of NRK-c49 Cells. Insulin alone did
not induce anchorage-independent growth of NRK-c49 cells
nor did it significantly increase the CFE of NRK cells induced
by EGF (Table 1). However, insulin almost doubled the CFE
of NRK cells in soft agar containing EGF and TGF-0. Hence,
insulin increases the sensitivity of the assay for detection of
TGF-ÃŸ,but this hormone does not significantly alter the results
on the bioassay for EGF-like (or TGF-a) growth factor. In most
of the experiments described below, except when otherwise
specified, IMEM-ZO with insulin was used as the medium in
which to grow NRK-c49 cells in soft agar.

Production of TGFs by Transformed and Nontransformed Rat
Liver Epithelial Cells. Table 2 shows the activities of TGFs in
media conditioned by parental normal WB-F344 cells, the
transformed cell strains clonally derived from the parental line
after it was treated with MNNG, and the corresponding tumor
cell lines. All of the cell strains and lines tested, including the
wild-type WB-F344 cells, produced TGF-/3. The conditioned
medium in which WB-F344 cells were cultured did not contain
EGF-like activity. Among the clonal cell strains, most of the
GGT-positive strains produced EGF-like (TGF-a) activity,
whereas most of the GGT-negative strains did not. There was
no quantitative correlation between the specific activity of GGT
expressed by these cells and the level of TGF-a-like activity
present in their conditioned media. The tumor cell lines, which
were all GGT positive, varied in their secretion of TGF-a-like
activity. The results demonstrate that while TGF-/3 is produced
ubiquitously by transformed and nontransformed rat liver epi
thelial cells, TGF-a is not. However, while most GGT-positive
cells excrete TGF-a-like activity into the medium, some, in
cluding some tumor cell lines, did not.

Since cultured GN3TG and GN6TF cells excreted a low
amount or no TGF-a-like activity, we determined whether they
also produced TGF-a-like activity when they formed tumors in
vivo. Table 3 shows that tumors formed both by GN3TG and
GN6TF cells contained significant amounts of TGF-a-like ac
tivity. In fact, when the acid-ethanol extracts of cultured tumor
cells were tested for EGF-like activity, all three cell lines which
were poor or nonsecretors of TGF-a contained significant
amounts of cell-associated EGF-like/TGF-a activity (Table 4).

Nature of TGF-/3 Produced by Cells. In our initial experiments

Table 1 Effect of insulin on the colony-transforming efficiency ofNRK-c49 cells

Two thousand NRKc49 cells were suspended in agar medium containing
IMEM-ZO with or without 4 Â¿ig/mlof insulin and in the presence or absence of
2 ng/ml EGF and/or 200 pg of TGF-/3. Colonies were allowed to form in 14
days. Values represent the mean Â±SD of triplicate plates.

5 Unpublished data.

GrowthfactorNone

EGF
EGF + TGF-/3
None
EGF
EGF + TGF-/3Insulin

<100pm040

Â±11
229 Â±10

+0+
54 Â±3

+ 425 Â±79>100iim0

1 Â±2
66 Â±3

0
1 Â±1

153Â±19Total041

Â±12
295 Â±7

0
56 Â±2

578 Â±98
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TGFS PRODUCED BY CULTURED RAT LIVER EPITHELIAL CELLS

Table 2 TGF activities in conditioned media ofnontransformed, transformed,
and malignant tumor cell lines of rat liver epithelial cells

Table 5 Effect of acid treatment on the activities of transforming growth factors
in media of cultured rat liver epithelial cell lines

EGF-like (TGF-Â«)activity TGF-ff activity

Conditioned No. of colonies in
media added absence of EGFÂ°

<IOOÂ»im

'"I-EGF binding
(% of control)"

(no. of colonies in
presence of EGF)

NoneWB
F344GP2GP3GP4GP6GP9GN2GN3GN4GN5GN6GP2TAGP4TBGP6TBGP8TBGP9TAGP10TAGN3TGGN5TAGN6TF09Â±9104

Â±19236
Â±37107
Â±783Â±

1162
Â±7364

Â±65Â±38Â±

75Â±
107Â±2103

Â±22158
Â±5440
Â±1095
Â±1448
Â±20148
Â±2500008Â±3203

Â±326Â±7029

Â±91
Â±1000090

Â±4106
Â±25771
Â±2139

Â±20483
Â±3407

Â±30097

Â±67378

Â±98494

Â±788101

Â±699
Â±6ND'97

Â±693
Â±839ND60

Â±57966

Â±39292

Â±29893

Â±453

Â±4275
Â±1340
Â±561
Â±17II8Â±488

Â±4109
Â±1496
Â±2864
Â±16153

Â±3215Â±
5120
Â±86Â±539

Â±353
Â±821
Â±474

Â±16100
Â±3855
Â±162
Â±5155
Â±203440362728285607605373710256876601624126688674848669047434236420631092599443136151010218123601012755345

â€¢Two thousand NRK-C49 cells/plate in 0.5% agar medium containing IMEM-

ZO with insulin and 10% fetal calf serum. One hundred Â¿igof protein from
conditioned medium were added to each plate in the presence or absence of 2 ng/
ml EGF. Colonies formed of either less or greater than loo ,,m in diameter were
scored. The values represent the mean Â±SD of triplicate plates.

*The competitive binding assay was performed on A431 cells as described in
"Materials and Methods." Control wells contained no growth factor. The assay

was performed on triplicate wells. Data represents the percentage of specific
binding values as compared to control. When multiple separate measurements
were carried out. the values represent the mean Â±SD.

' ND, not done.

Table 3 Production of TGFs by tumor cell lines growing in vivo in s.c. tissue of
isogeneic rats

Cultured tumor cells were injected into 1-day-old Fischer 344 rats, tumor
tissues formed 4-6 wk later were harvested, and TGFs were extracted using the
acid-ethanol method (24). A total of 100 ^g of extract protein and 1000 cells of
NRK-C49 were used in each 60-mm plate. All values represent the average Â±SD
of triplicate plates.

No. of colonies of NRK-c49cellsControl

plate
GN3TG
GN6TF
GP9TANo<100)im0175

Â±15
183 Â±26
1I6Â± 2EGF>100>ini0

139 Â±17
39 Â±12
12Â±3-l-EGF<100^m40Â±

1174
Â±5

67 Â±1
80 Â±4>100â€žm1

Â±2
314Â± 5
334 Â±12
284 Â±12

Table 4 Cell-associated TGF-a extracted from tumor cell lines
Tumor cells were cultured in 40 100-mm tissue culture plates until they reached

confluence. Cells were then trypsinized. collected, and extracted by the acid-
elhanol method (24) and 200 ><gof the protein extract and 2000 NRK^c49 cells
were used in the bioassay for TGF-<Â«in the absence of exogenous!) added EGF.
All values represent the mean â€¢SD of triplicate plates.

No. of colonies of NRK-C49
cells (noEGF)Control

plate
GN3TG
GN5TA
GN6TF<100)im1

Â±1217
Â±28

268 Â±1273
Â±7Â»00

/im2

Â±2
167Â± 16
240 Â±37

51 Â±7

(Table 2), all conditioned media were treated by dialysis against
1% acetic acid. Since this acid treatment activates latent TGF-
ÃŸ(27, 28), it was desirable to know if the form of TGF-/3
secreted by various cell lines differed. In this experiment con
ditioned media were dialyzed against either neutral phosphate-
buffered saline (pH 7.4) or 1% acetic acid, and their TGF-/3
activities were compared. Table 5 shows that the wild-type WB-

No. of colonies ofNRK-Conditioncd

mediumNoneWB-F344

(P22)GN,GP8GP9GN3TGGP6TBGN6TFc49

cells in
ingAridtreatment"

- 1(10,.m38

Â±70+

8Â±315
Â±14+

4Â±49Â±2+

3Â±22Â±
1+

14Â±615Â±7+

3Â±28Â±4+

1 Â±120
Â±8+

0agar

contain-
EGF'>100f<m15

Â±52:t
2154

Â±92Â±
1175
Â±256Â±8141

-t581
Â±113312315111913311494106195121555

" Two liters of conditioned medium from each cell line/strain were collected
and concentrated as described in "Methods and Materials." Half of the condi

tioned medium was dialyzed against 1% acetic acid, the other half was dialyzed
against phosphate-buffered saline as neutral conditioned medium.

"Two thousand NRK-c49 cells/plate were suspended in 0.5% agar medium
containing IMEM-ZO without insulin, 10% fetal bovine serum, and 2 ng/ml of
EGF. One hundred Â¿*gof protein from conditioned media, either with or without
acid treatment, were added, respectively. Colonies were counted after 14 days.
The data represent the mean Â±SD of triplicate plates.

Table 6 Effect of EGF and TGF-fi on the anchorage-dependent proliferation of
normal and malignant rat liver epithelial cell lines

Approximately 5 x 1(1' cells were plated on 12 60-mm tissue culture plates.

Two days later, the medium of sets of triplicate plates was changed to the same
IMEM-ZO medium without insulin but containing 10% fetal calf serum (control),
or with added EGF (10 ng/ml) and/or TGF-fi (1 ng/ml). Two days later,
incorpation of |'H]th>midine into acid-precipitable fraction was assayed. Values

represent the mean Â±SD of the triplicate plates.
['HIThymidine incorporation (x 10 ')

Control EGF TGF-0 EGF -I-TGF-pi

WB-F344-PIO33.0WB-F344-P23
51.0GP8TB
6.3GN3TG
21.1GN5TA
9.9GN6TF
7.3GP6TB

31.53.7

22.84.4
103.90.6
7.12.2
15.1O.I
10.00.8
4.01.8

27.20.6"

5.6 Â±0.3Â°3.5Â°
44.6 Â±2.21.0

5.9Â±0.31.1Â»
12.5Â±1.1Â°0.6

8.9 Â±0.20.6"
3.1 Â±1.1Â°1.1Â°

24.1 Â±1.5Â°14.6

Â±1.5Â°51.4

Â±5.16.4
Â±0.19.5

Â±0.6Â°9.2

Â±0.71.5
Â±0.1Â°21.9

Â±2.0Â°

F344 cells and three of the transformed cell strains (GN1, GP8,
GP9) secreted an inactive form of TGF-/3 which could be
activated by acid treatment, whereas all three tumor cell lines
(GN3TG, GP6TB, GN6TF) tested produced TGF-/3 that was
active de novo.

Effect of EGF and TGF-/8 on Anchorage-dependent Prolifera
tion. Depending on the passage number, the proliferation of
normal rat liver epithelial cells may be either inhibited or
stimulated by EGF (Table 6). However, TGF-/3 inhibited the
proliferation of both early- and late-passage normal rat liver
epithelial cells, but the latter were affected to a much lesser
degree. The enhanced growth-stimulatory effect of EGF on
late-passage WB-F344 cells was abolished by TGF-/3 (Table 6).
The anchorage-dependent proliferation of two of the tumor cell
lines (GP8TB and GN5TA) was not affected by either EGF or
TGF-/3, but in three other cell lines (GN3TG, GN6TF, and
GP6TB) both EGF and TGF-0 suppressed their growth.

Effect of EGF and TGF-/? on Anchorage-independent Prolif
eration. The effect of growth modulators on the proliferation
of rat liver epithelial cells may be altered by the extracellular
substrate on or in which they grow (29). Therefore we also
studied the effect of EGF and TGF-/3 on the proliferation in
soft agar of some of these tumor cell lines (Table 7). Neither
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Table 7 Effect ofEGF and TGF-0 on the colony-forming ability in soft agar of some tumor cell lines
Approximately IO3 to 5 x IO3cells/plate of these tumor cells were suspended in 0.5% agar media containing IMEM-ZO with insulin and 10% fetal calf serum.

The experiment was performed on triplicate plates with addition of either EGF (2 ng/ml) or TGF-/3 (0.2 ng/ml) or EGF (2 ng/ml) plus TGF-/3 (0.2 ng/ml). The
control plates contained no growth factors. Colonies of 100 pm in diameter were counted in 14 days. The values represent the mean Â±SD.

CelllineGN3TGGN5TAGN6TFGP6TBNo.

of
cells
per Factor(s)

plateaddedIO3
NoneEGFTGF-,3EGF

+TGF-/3IO3
NoneEGFTGF-/3EGF

+TGF-/3IO3
NoneEGFTGF-/3EGF

+TGF-/35
x IO3 NoneEGFTGF-/3EGF

+ TGF-/J<100fitn140

Â±7359
Â±18162

Â±48178
Â±40116Â±
17178

Â±1745
Â±1589
Â±19237
Â±32231
Â±26162
Â±10155

Â±3079
Â±3299

Â±6510Â±4362

Â±30No.

ofcolonies>100/jm3031196417531465185120161107119941515241541793313217Â±232

Â±16017Â±6Total170

Â±16670
Â±89259
Â±50594

Â±51169
+25325
Â±2950
Â±12274
Â±33357
Â±25391
Â±52270

12274
4686

3331
7010

2379
Â±20P

value<0.01<0.01<0.01<0.01<0.01<0.05>0.05<0.05>0.05<0.01<0.01<0.01

EGF nor TGF-/3 significantly altered the anchorage-dependent

growth of line GN5TA, but in soft agar EGF significantly
increased the colony-forming efficiency of this cell line, whereas
TGF-/J exerted the opposite effect. The effect of EGF predom
inated over that of TGF-/3. Both EGF and TGF-0 depressed
the anchorage-dependent growth of cell lines GN3TG, GN6TF,
and GP6TB. In soft agar, combinations of both of these growth
factors enhanced the CFE of GN3TG, while TGF-ÃŸonly very
slightly decreased the CFE of GN6TE. EGF also markedly
increased the CFE in soft agar of GP6TB.

Thus, the results shown in Table 7 demonstrate that the
effects of EGF and TGF-/3 on anchorage-dependent and
-independent growth vary and can be paradoxical; TGF-0 may
either increase or decrease the CFE in soft agar of rat liver
epithelial tumor cell lines. It is worth noting that in all four
tumor cell lines tested, EGF either enhanced or did not affect
the CFE of these cells, and in three of these lines (GN5TA,
GN6TF, and GP6TB), EGF was able to overcome the depres
sive effect of TGF-0. The effect of purified TGF-a (Bachern
Inc. Terranee, CA) was identical to that of EGF (data not
shown).

Autocrine Effect. To evaluate an autocrine effect of de nova-
secreted TGFs on the proliferation of these tumor cells, non-
acid-treated protein extracts obtained from three of the tumor
cell lines were tested for their effect on the CFE in soft agar of
the same cell line. Table 8 shows that although all of these
three cell lines produced active TGF-/3, the colony-forming
ability of none of them was significantly depressed by their own
conditioned media. In fact, in one of these cell lines (GN3TG),

Table 8 The "autocrine" effect secreted TGFs on the self-proliferation of tumor

cell lines
Neutral conditioned media from these tumor cell lines were collected, concen

trated, and dialyzed against phosphate-buffered saline. About 2 x IO3or 5 x 10'

cells/plate of these tumor cells were suspended in 0.5% agar media containing
IMEM-ZO with insulin and 10% fetal calf serum. A total of 100 (jg of protein
from conditioned media was added except the control plates. The colonies
containing more than 20 cells were counted. The values represent the mean Â±
SD of triplicate measurements.

CelllineGN3TG

GN6TF

GP6TBNo.

of cells
plated2000

2000

5000Conditioned

media protein+

+

+No.

of
colonies274

Â±28
547 Â±51

1257 + 73
1104 + 66

45 + 6
60 Â±3P

values<0.01

>0.05

<0.01

the protein extract of the conditioned media significantly en
hanced its CFE in soft agar. Thus, the result confirms that in
tumor cell lines, the overall effect of growth factors elaborated
into the conditioned media exerts no negative autocrine effect
on the secretor cells.

DISCUSSION

We have demonstrated that normal cultured rat liver epithe
lial cells secrete TGF-/3 into their growth medium, but they do
not secrete a TGF-a-like activity. Secretion of TGF-0 by Buffalo
rat liver epithelial cells has been reported previously (30). The
TGF-/3 secreted by most normal or chemically transformed rat
liver epithelial cells is inactive. However, the majority of the
tumor-derived malignant rat liver epithelial cells that we studied
produced active TGF-/3. Although the production of TGF-/3 by
mammalian cells appears to be almost universal, most of the
published reports on TGF-ÃŸproduction by cultured cells or
tissues have used either acetic acid dialysis or acid-ethanol
extraction (24), procedures which activate the TGF-/8. Our
study emphasizes the importance of using extraction methods
that do not activate TGF-ÃŸin order to assess the form of TGF-
j3secreted. The mechanisms underlying differences in the activ
ity of TGF-0 secreted by normal and malignant cells are not
clear. Lawrence et al. (27, 28) and Yamaoka and Hirai (31)
have shown that normal chicken, mouse, and human embryo
fibroblasts and normal rat kidney fibroblasts secrete into their
conditioned media a high-molecular-weight, inactive form of
TGF-0 which can be activated to a lower-molecular-weight,
active TGF-/3 by treatment with acid, alkali, urea, or heat. It
has been suggested that TGF-ÃŸis excreted by cells as a nonco-
valently bound protein complex (28, 31).

While normal cultured rat liver epithelial cells do not secrete
a TGF-a-like substance, many of the GGT-positive cells pro
duced by MNNG treatment which we studied secreted into the
medium a substance with this activity. In our hands, The
bioassay was as sensitive as the competetive binding assay for
125I-EGF in detecting TGF-a-like activity, but neither of these
assays can distinguish EGF from TGF-a. Northern analysis of
the mRNA of several of these GGT-positive cell lines has
confirmed the presence of TGF-a messenger RNA,6 and the

levels of mRNA correlate with the degree of colony formation
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induced in NRK-c49 cells by protein derived from conditioned
media. This correlation strongly suggests that the EGF-like
activity observed in the conditioned media is due to TGF-a.
Some of the conditioned media which showed EGF-like activity
in the bioassay and/or radioreceptor assay also gave positive
results with the radioimmunoassay for TGF-a (BioTope, Belle-
vue, WA) (data not shown). Six of nine (67%) tumor cell lines
established from the various clonal strains of carcinogen-treated
rat liver epithelial cells also secreted into the medium a TGF-
a-like activity. In three tumor cell lines which secreted no or
very small amounts of TGF-a-like substance in culture, TGF-
a-like activity was detected in the tumors which grew in vivo
after the transplantation of these cells into isogeneic rats and/
or in the acid-ethanol extracts of the cultured tumor cells. These
observations reflect the inability of these cells to excrete the
TGF-a, rather than a lack of synthesis of this growth factor by
the transformed cells in culture. Derynck et al. (8) have also
recently reported that some cultured human tumor cells syn
thesized TGF-a but were not able to excrete this growth factor
in culture medium. The significance of nonsecreted cytoplasmic
TGF-a is currently unknown.

In several tumor cell lines, the proliferative effects of EGF
or TGF-a and TGF-ÃŸdiffered depending on whether the cells
were growing anchorage dependently or independently. Similar
findings also have been reported in rat liver epithelial cell lines
treated with retinoic acid (29). At this time it is unclear which
growth condition better reflects the in vivo responsiveness of
tumor cells. Nevertheless, it is important to note that in the
tumorigenic rat liver epithelial cell lines studied, EGF (and
TGF-a) was mainly a mitogen, whereas TGF-/3 might either
stimulate or inhibit the anchorage-independent growth of these
cells. However, in none of these cell lines was the overall effect
of the protein extracted from media which they conditioned
negative in terms of growth effect (i.e., an autocrine inhibition
of cell growth was not observed).

The results of this study provide important insights concern
ing the physiological roles of TGFs produced by normal and
malignant cells. Although most normal cells which have been
studied produce TGF-/3, this growth factor is secreted in a latent
or inactive form and, hence, exerts no significant biological
effect. This study shows that epithelial tumor cells often secrete
active TGF-0 and in some instances this substance may exert
an autocrine growth-stimulatory effect. In other instances when
the cells are themselves susceptible to inhibition by TGF-/S,
TGF-a may also be produced and override the effect of TGF-
ÃŸ,resulting in a positive overall autocrine effect. In such cases
and in instances in which the cells that secrete active TGF-/3
are themselves insensitive to its growth effect, the main phys
iological role of TGF-|8 may lie in its "paracrine" function. The

paracrine effects of TGFs may be at least as important, if not
more so, as their autocrine effects in the regulation of malignant
neoplastic growth. These paracrine effects include (a) desmo-
plasia as a result of a stimulation of the proliferation of fibro-
blasts and synthesis of collagen by TGF-a and/or TGF-/3 (32,
33), (/>) induction of angiogenesis and neovascularization by
TGF-a (34), (c) suppression of proliferation of surrounding
normal cells by TGF-/S to cause a differential growth rate
between neoplastic and normal cells, and (d) alteration of host
immune response to tumor cells by the suppressive action of
TGF-/J on lymphocytes (35).
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