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ABSTRACT

Transforming growth factor-/? (TGF-/3) plays a complex role as a
regulator of proliferation and differentiation of many cell types, including
cells of epithelial origin. In this study, we examined whether TGF-/3,
alone or in combination with retinole acid, was able to inhibit the
transformation of the murine epidermal cell line JB6. When treated with
phorbol myristate acetate (I'M \) and other tumor promoters, the non-
tumorigenic and anchorage-dependent JB6 cells acquired a tumor phe-
notype, as shown by the acquisition of tumorigenicity and anchorage
independence. We found that TGB-/9 inhibited the PMA-induced trans
formation of a subclone of JB6 cells. The effect of TGF-/9 was due to an
anti-transformation promoting activity, rather than to generalized growth
inhibition, since TGF-/J neither inhibited the growth of monolayer cul
tures of JB6 cells, nor affected the colony-forming efficiency in agar of
the JB6-derived permanently transformed RT101 cell line. TGF-/3 was
synergistic with retinoic acid, a known anti-tumor promoter, in inhibiting
the PMA-induced transformation of JB6 cells. Examination of I (â€¢]-,]'

receptor expression on JB6 cells, by both binding and affinity labeling,
showed that treatment with I'M A significantly decreased !(.!-,< receptor
expression while retinoic acid counteracted this effect of I'M V, thus
suggesting that the synergy between retinoic acid and TGF-/3 may be due,
at least in part, to modulation of I (.!-,>' receptor expression. TGF-0,

therefore, appears to function as an incomplete antipromoter whose action
can be permitted and/or complemented by retinoic acid. Our data dem
onstrating that U.I-,) has anti-transformation promoting activity suggest
that I (. I -,i plays a role in maintaining homeostasis of epithelial cells,
not only by regulating cell proliferation and differentiation, but also by
counteracting events that lead to malignant transformation.

INTRODUCTION

TGF-/S5 consists of a family of closely related proteins with

multiple biological activities on many cell types (1, 2). These
proteins were initially characterized by their ability to tran
siently induce anchorage independence of some fibroblast cell
lines (3). Subsequently, it has become apparent that TGF-0 has
pleiotropic effects, and that many of its activities have little to
do with the transformation system in which it was first discov-
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ered. TGF-ÃŸplays a complex role as a mediator of inflamma
tion, tissue repair, and angiogenesis (4), as well as a regulator
of cell proliferation (5). Although TGF-/3 can induce prolifera
tion of some cell types, such as fibroblasts (reviewed in Ref. 5),
osteoblasts (6), and Schwann cells (5), TGF-0 can also inhibit
proliferation of both tumor and normal cells. This is especially
true of epithelial cells, including cells derived from skin (7),
bronchus (8), liver (9), and intestine (10), but inhibition of the
growth of some cells of mesenchymal origin has also been
reported (11-13). It has been suggested that TGF-ÃŸmay play

an important role in maintaining growth homeostasis, espe
cially of cells of epithelial origin, and in regulating cell differ
entiation (5).

In the present study, we describe a new biological activity of
TGF-0, namely that it blocks tumor promoter-induced neoplas-
tic transformation of a clonal epithelial cell line. In this study,
we used the JB6 cell line Cl 415a, which was originally derived
from primary epidermal cultures of BALB/c mice (14, 15). This
cell line is nontumorigenic in mice and is anchorage dependent,
as measured by the absence of colony formation in soft agar.
After exposure to any of several tumor promoters, such as
phorbol esters, JB6 cells become irreversibly transformed into
anchorage-independent colonies (14). Cell lines derived from
the colonies show tumorigenicity, in both nude and BALB/c
mice, and permanent anchorage independence as measured by
the ability to form colonies in soft agar (14).

We report here that TGF-ÃŸpartially inhibits the PMA-
induced transformation of JB6 cells and synergizes with RA, a
known inhibitor of PMA-induced colony formation of JB6 cells
(16), in inhibiting this transformation. In addition, PMA down-
regulates TGF-/Ã•receptor expression on JB6 cells, while addi

tion of RA counteracts this effect of PMA, suggesting that the
synergy between TGF-/3 and RA may be due, at least in part,
to modulation of TGF-/3 receptor expression.

MATERIALS AND METHODS

Reagents. PMA (Sigma Chemical Co., St. Louis, MO) was dissolved
in ethanol and maintained in stock solution at 1 mg/ml at -20Â°C.RA

(Sigma Chemical Co.) was dissolved in dimethyl sulfoxide (reagent
grade; Sigma) at IO M and stored protected from light in aliquots at
â€”¿�20Â°C.All experiments involving use of RA were performed in yellow

light. Bovine bone TGF-/J1 and TGF-02, purified to homogeneity as
described ( 17), were kind gifts of Dr. Ellingsworth of Collagen Corp.
(Palo Alto, CA). Human recombinant interleukin \-ÃŸ(specific activity,
2 x IO7units/mg) was a kind gift of Dainippon Corp. (Osaka, Japan).

A mixture of purified murine interferon n and ÃŸ(specific activity, 9.8
x 10" units/mg) was obtained from Lee Biomolecular (San Diego, CA).

Cell Cultures. The derivation of the JB6 cell line from BALB/c
mouse primary epidermal cell cultures and of clonal derivatives has
been described elsewhere (18). For our studies, a JB6-derived clone (Cl
4 UÂ»)was chosen because of its particular sensitivity to both PMA and
RA. Clone 415aand the permanently transformed JB6-derived cell line
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RT101 were passaged weekly after trypsinization with a 0.03% trypsin
solution, and cultured with Eagle's minimum essential medium (Whit-

taker Bioproducts, Walkersville, MD) supplemented with 5% PCS
(Hyclone, Logan, UT) and 50 Mg/ml gentamicin (referred to as complete
medium). Cell cultures were always maintained below confluency.

Soft Agar Assay. The assay for promotion of anchorage independence
was performed as described previously (19). Briefly, after trypsinization.
cells were suspended in 0.33% agar medium containing 10% PCS in
the presence of various agents, as indicated, and layered at IO4 cells/
60-mm dish over a 0.5% agar medium base containing the same agents.
Each condition was performed in duplicate. Colony forming efficiency
was determined after 14 days of incubation at 37Â°C.Only clusters
containing 16 or more cells were counted as colonies. At least 4 cm-

were counted in each dish and the count was multiplied by the appro
priate factor to give the colony number/dish.

Binding Assay for l2'l-TGF-/8. Cells were seeded in complete medium
in 6-well plates at an appropriate cell density so that at the time of the
binding assay they were still subconfluent and in log phase. After 24 h.
the medium was replaced with fresh 10% FCS-supplemented medium,
containing the various treatments, and the cells were cultured for 24 or
72 h, as indicated. After washing each well twice at room temperature
with 2 ml of binding buffer (Eagle's minimal essential medium contain

ing 0.5 mg/ml bovine serum albumin, 25 m\i /V-2-hydroxyethyl-piper-
azine-A''-2-ethanesulfonic acid, pH 7.2), monolayers were incubated
for 4 h at 4Â°Cin I ml of binding buffer containing 0.25 ng/ml of i:5I-

TGF-/Ã•1(BiomÃ©dicalTechnologies Inc., Stoughton, MA) in the absence
or in the presence of increasing amounts of unlabeled TGF-fil (from
0.015 to 200 ng/ml). The specific activity of the '"I-TGF-01 varied

between 75 and 100 /iCi/^g, depending on the preparation. At the end
of the incubation, cells were detached by vigorous pipetting in the
binding buffer and the cell-bound ligand was separated from the un
bound by centrifugation at 4Â°Cthrough a 2:1 v/v mixture of dibutyl

phthalate and dinonyl phthalate (EM Science, Cherry Hill, NJ) in
microcentrifuge tubes. The cell pellet was counted in a gamma counter.
The nonspecific binding was calculated from the plateau of the com
petition curve and was subtracted from the total binding. Nonspecific
binding was usually between 10 and 20% of the total binding. Specific
binding data were analyzed using the method of Scatchard (20). Cell
number was determined in parallel on triplicate wells that had been
seeded and treated identically as the wells used for the binding assay.

Affinity Labeling with '"I-TGF-0. For affinity labeling, JB6 cells

were seeded in tissue culture flasks, incubated, and treated as described
for the binding assays. Cells were detached by incubating monolayers
with 1 mg/ml of Dispase (Boehringer-Mannheim, Indianapolis, IN) at
37Â°Cfor 3 min. In preliminary experiments, treatment with Dispase

did not affect the affinity labeling. After washing twice in binding buffer
(RPMI 1640 containing 1 mg/ml bovine scrum albumin. 2.0 niM
glutamine, and 0.1% sodium azide). the pellet was resuspended in 1 ml
of binding buffer and acidified using CO2 (g). After pelletting, cells
were resuspended in binding buffer and aliquoted (1-2 x IO6 cells/1-

ml reaction) into siliconized microcentrifuge tubes. To determine non
specific binding, samples were preincubated for 10 min at 4Â°Cwith or

without a 50-fold excess of unlabeled TGF-fil. Samples were then
incubated with 1 x 10" cpm of '"I-TGF-fH for 30 min at 4Â°Cwith

constant rotation. Cells were washed once in cross-linking buffer (phos
phate-buffered saline, 10 mM MgCl3, pH 8.3) and incubated for 30 min
at 4Â°Cwith constant rotation in 1 ml of cross-linking buffer containing

100 Mgdisuccinimidyl suberate (Pierce Chemical Co., Rockford, IL).
After washing twice, cells were incubated for 30 min at 4Â°Cin lysis

buffer (20 m\t Tris-Cl, pH 7.4, 50 m.MNaCI, 0.5% Nonidet P-40,0.5%
sodium deoxycholate, 4 mM iodoacetic acid. 5 mM sodium pyrophos-
phate, 5 mM sodium fluoride, 1 m.M phenylmethylsulfonylfluoride).
Cell lysates were analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis under reducing conditions (5% 2-mercaptoethanol)
using 7-15% gradient gels, followed by autoradiography.

RESULTS

Inhibition of PMA-induced Anchorage-independent Transfor
mation of JB6 Cells by TGF-/3. In the absence of PMA, the
J Bo-derived clone 415a formed very few colonies (<30 colonies/

IO4cells) in soft agar in 10% FCS. PMA promoted the forma
tion of colonies in a dose-dependent manner with 900 to 1200
colonies formed per IO4cells treated with 1 ng/ml PMA (Fig.
\A). RA inhibited PMA-induced colony formation of Cl 415a
with an ED<0 of approximately 1-3 x 10"' M; complete inhi
bition of colony induction was obtained with 10~6 M RA (Fig.

\B). In agreement with previous observations (14), the growth
rate of Cl 415u in monolayer cultures, either in the presence or
in the absence of PMA, was not affected by concentrations of
RA lower than 10~5M, indicating that the effect of RA was not

due to inhibition of cell growth (data not shown).
We examined the effect of various cytokines and growth

factors on the PMA-induced colony formation of these cells.
As shown in Fig. 2, either TGF-/31 or TGF-ÃŸ2decreased, in a
dose-dependent manner, the number of colonies formed in
response to PMA. TGF-/ÃŒ1at 30 ng/ml produced (approxi
mately 3 times the low-affinity Kd) similar inhibition to that at

10

0.1 10-' 10-' 10-Â«0.3 1 3 10 0 10-'Â° 10 9

PMA (ng/ml) Retinole Acid (molarily)

Fig. 1. PMA-induced colony formation of JB6 Cl 41,. in soft agar and
inhibition of PMA-induced colony formation by RA. A, effect of varying concen
trations of PMA on the percentage of cells that form colonies in soft agar. B.
effect of varying concentrations of RA on the colony formation induced by 1 ng/
ml PMA. The soft agar assay was performed as described in "Materials and
Methods." Data are from one representative experiment.

_,oo
B

TGF-J,

03 1 3 10 0 1 3 10

ng/ml

Fig. 2. Inhibition of PMA-induced anchorage-independent transformation of
JB6 Cl 41,. by TGF-fil and TGF-fi2. A, effect of varying concentrations of TGF-
fil. min Imitili I (IL-1). and interferon a/0 (1FN a/ft). B, comparison between
the effect of TGF-fil and TGF-/J2. Cells were seeded in agar in the presence of 1
ng/ml of PMA and the indicated concentrations of TGF-fil, IL-1, or IFN a/ÃŸ
(A) or the indicated concentration of TGF-fil or TGF-f)2 (B). Results are
expressed as a percent of the number of colonies formed in response to 1 ng/ml
of PMA alone. The value for the PMA alone control was typically 1000 colonies/
IO4 cells. The results shown in A are the means and SDs of the data obtained
from 2 to 6 experiments; shown in B is one representative experiment of 3. TGF-
fil at .10ng/ml produced levels of inhibition very close to those obtained with 10
ng/ml when tested in parallel.
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Fig. 3. Effect of TGF-/31 on the growth rate of JB6 CI 415. cultured in

monolayer. Three thousand JB6 CI 41... cells were seeded in 24-well plates in the
absence (G) or in the presence of 10 ng/ml TGF-/3I (O), 1 ng/ml PMA (â€¢),10
ng/ml TGF-fM, and 1 ng/ml PMA (â€¢).and viable cells were counted after the
indicated time of culture. Data (means of duplicate) of one representative exper
iment. I <,I .; at concentrations up to 30 ng/ml did not inhibit monolayer growth.

10 ng/ml without monolayer growth-inhibitory effects (not
shown). Repeats of the TGF-/3 antipromoting experiments after
several months' storage of fetal bovine serum showed reduced

antipromoting activity of the TGF-/3 (not shown), suggesting
the possibility of labile permissive or cooperating factors pres
ent in the serum. Interleukin-1 and interferon-a/0 at similar
concentrations had no effect.

To exclude that the decreased number of colonies observed
in the presence of TGF-/3 was simply due to a generalized
inhibitory effect of TGF-/3 on the growth of JB6 cells, we tested
the effect of TGF-01 on the growth rate of monolayer cultures
of Cl 415a. At concentrations up to 30 ng/ml, TGF-ÃŸldid not
inhibit the growth of monolayer cultures of Cl 415aeither in the
presence or in the absence of PMA (Fig. 3). Since anchorage-
independent colony formation in response to PMA involves
both induction of a phenotypic change and the subsequent
expression of the change, the decreased number of colonies
observed in the presence of TGF-0 could involve a block in
either the induction process or its expression. To distinguish
between these 2 possibilities, we tested the effect of TGF-/31 on
the colony-forming efficiency of RT101 cells, which are a JB6-
derived PMA-induced permanently transformed cell line that
is tumorigenic and forms soft agar colonies in the absence of
PMA at a frequency of approximately 2000 colonies/IO4 cells
(19). As shown in Fig. 4, whereas TGF-0 inhibited the PMA-

induced colony formation of Cl 415a, it had no effect on the
anchorage-independent colony formation of the permanently
transformed RT101 cells. Since TGF-/3 inhibited neither the
growth of monolayer cultures of the nontransformed Cl 415a
JB6 cell line nor the expression of anchorage independence of
the transformed JB6 cell line RT101, the effect of TGF-0 to
inhibit PMA-induced colony formation of Cl 41;a is probably
due to an anti-transformation promoting activity of TGF-/3.
This antipromoting action of TGF-0 is likely to be occurring at
a step distal to that of the phorbol ester receptor protein kinase
C activation, because induction of protein kinase C-activated
activator protein 1 (AP-l)-dependent transactivation in JB6 Cl
415a cells is not affected by simultaneous exposure to TGF-0 at
concentrations up to 40 ng/ml.6

Synergy between RA and TGB-0 in Inhibiting PMA-induced
Transformation of JB6 Cells. Because either RA (Fig. IB) or
TGF-ÃŸ (Fig. 2) alone could inhibit the promoting activity of
PMA, Cl 415a cells were treated with combinations of the 2

100

o
O

! 50
1

RT101

415a

0.3 1 3 10

TGF-J (ng/ml)

Fig. 4. Effect of TGF-/31 on the colony formation by tumorigenic JB6-derived
RT101 cells. RT101 cells were seeded in agar in the presence of the indicated
concentrations of TGF-/JI. Shown for comparison are the results obtained for Cl
41 <â€žcells treated as described in the legend of Fig. 2. For RT 101 cells, results are
expressed as a percent of the number of colonies formed in the absence of any
treatment. For Cl 415. cells, results are expressed as a percent of the number of
colonies formed in response to 1 ng/ml of PMA alone. Results represent the
means of 2 to 6 experiments Â±SD (bars).

* L. Bernstein and N. H. Colburn, unpublished observations.

TGF-.J (ng/ml)

Fig. 5. Synergistic effects of TGF-/3 and RA on the inhibition of the PMA-
induced colony formation of CI 4U,,. Cells were seeded in agar in the presence of
1 ng/ml PMA, along with the indicated concentrations of TGF-/31, in the presence
or absence of various doses of RA. Results are expressed as a percent of the
number of colonies formed in the presence of 1 ng/ml PMA alone. Results
represent the means of 3 to 6 experiments Â±SD. Insert, comparison between the
actual colony formation (shaded bars) and the expected value for additive effects(open bars) of TGF-/3 and 10"' M RA.

agents at varying concentrations (Fig. 5). In order to establish
whether the antipromoting activities of TGF-0 and RA were
additive or synergistic, we applied the multiplicative model
described by Momparler (21 ). The expected numbers of colonies
for additive effects of TGF-/3 and RA, calculated according to
the multiplicative model, are compared with the actual numbers
of colonies obtained (Fig. 5, insert). This analysis is presented
only for data obtained with 10~8M RA, but similar results were
obtained with 10~7and 10~9M RA. Since the actual number of

colonies observed is less than that expected for additive effects,
especially at higher TGF-0 concentrations, TGF-/3 and RA
appear to act in a synergistic manner to inhibit PMA-induced
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transformation of JB6 cells. Both the inhibitory effect of reti- TGF-0 receptors. Whether quantitative changes of these or
noie acid and its synergistic effect with TGF-ÃŸoccurred to a
lesser degree in parental JB6 Cl 41 than in subclone Cl 415a.
The inhibitory effect of TGF-0 alone was not seen at all in Cl
41 (not shown), in contrast to inhibitions as great as up to 50%
or more in Cl 4l5a. Thus, Cl 41Sa appears to represent a
population of genetic variant cells that is relatively sensitive to
both retinoic acid and TGF-ÃŸas antipromoters, but whose
limited sensitivity to TGF-/3 may reflect the presence of sensi

tive and insensitive subpopulations.
Modulation by PMA and RA of TGF-/3 Receptor Expression

in JB6 Cells. Because TGF-/3 inhibited PMA-induced colony
induction in JB6 Cl 415a cells and acted synergistically with
RA, we examined the expression of TGF-0 receptors on un
treated cells and on cells treated with PMA and with the
combination of PMA and RA. TGF-ÃŸbinding was examined
after 24- and 72-h treatments with the various agents. Results
of a representative experiment with 24-h treatments are shown
in Fig. 6. Scatchard analysis of the binding of TGF-/3 to un

treated cells gave a curvilinear plot compatible with the presence
of two classes of binding sites. Both binding sites had dissocia
tion constants low enough to be physiologically relevant: a
higher affinity site with a dissociation constant of 1.2 x 10~"

M and a lower affinity site with a dissociation constant of 2.9
x 10~'Â°M. Treatment with RA alone did not induce significant

changes in the dissociation constants or the numbers of TGF-
ÃŸreceptors. When cells were treated for 24 h with PMA, there
was an approximately 5-fold decrease in the affinity and a 24%
decrease in the number of the higher affinity sites, and a 38%
decrease in the number of the lower affinity sites. Scatchard
analysis of the binding of TGF-/3 to cells treated with a combi

nation of PMA and RA yielded dissociation constants and
numbers of receptors per cell comparable with those expressed
on untreated cells. Similar results were obtained following 72-
h treatments. These data suggest that PMA treatment alters
the numbers and affinities of TGF-/3 receptors and that treat
ment with RA prevents the PMA-induced down-modulation of

Bound inq.mli

Fig. 6. Scatchard analysis of the binding of TGF-0 to Cl 41;. cells. Cells were
incubated in monolayer cultures for 24 h in the presence of medium alone, 1 ng/ml of PMA. 10~6 M RA, or 1 ng/ml PMA and IO'7 M RA. as indicated. The
binding assay was performed and the data analyzed as described in "Materials
and Methods." Scatchard analysis gave the following results for the dissociation

constants and the number of receptors/cell (R) for the 2 classes of binding sites.
Untreated cells: 1.2 x IIT" M, 9,500 R and 2.9 x 10"'Â°M. 31,600 R. PMA
treated cells: 5.2 x 10-" M. 7.200 R and 2.9 x 10-'Â°M. 19.600 R. RA-treated
cells: 1.3 x 10'" M, 10,800 R and 2.0 x 10-'" M, 39.800 R. PMA + RA-treated
cells: 1.0 x 10-" M, 11,600 R and 3.4 x IO'10 M, 38,400 R. [One] additional

scatchard analysis was performed and yielded essentially the same results.

other magnitudes are biologically significant is not currently
known.

Affinity labeling studies on many cell types have demon
strated the presence of multiple species of TGF-0 binding
proteins, which have been operationally named type I, II, and
III receptors (22, 23). To evaluate the possible differential
modulation of these multiple TGF-ÃŸbinding proteins, we per
formed cross-linking experiments with I25I-TGF-ÃŸfollowing

treatment of JB6 cells with PMA, RA, or a combination of
PMA and RA. As shown in Fig. 7, untreated JB6 cells showed
a pattern of cross-linked bands similar to that previously re
ported on other cell lines (22, 23). Treatment with RA alone
had no significant effect on the formation of these cross-linked
complexes. However, when cells were treated with PMA, there
was an approximately 50% decrease in the intensity of all cross-
linked complexes. Treatment with a combination of PMA and
RA restored 90% of the TGF-/3 receptor expression seen in
untreated cells, indicating an antagonism by RA of the ability
of PMA to decrease TGF-ÃŸreceptor expression.

DISCUSSION

TGF-/3 was initially characterized by its ability to induce
transient anchorage independence of rodent fibroblasts (3). In
the subsequent years, it has become apparent that TGF-/J plays
an important role in the control of proliferation of many cell
types, including cells of epithelial origin (1, 2, 5). We report
here that TGF-/ÃŒcan inhibit the PMA-induced transformation
of a subclone of the murine epidermal cell line JB6. Since TGF-
ÃŸneither inhibited the growth of nontransformed JB6 cell line,
we conclude that the inhibitor effect of TGF-/ÃŒon PMA-induced
colony formation is due to an anti-transformation promoting
activity of TGF-/3. Whether this antipromoting activity extends
to other tumor promoters is not known. It should be noted that
RA antagonizes tumor promotion by PMA but not by certain
other tumor promoters such as benzoyl peroxide and epidermal
growth factor (16, 24). There is clonal heterogeneity for re
sponsiveness to TGF-ja in the JB6 CI 41 population. Even in
the responsive clone 415a, TGF-/3 inhibited only 50% of the
colony formation. The basis for this heterogeneity is not known,
but may be genetic since there exist JB6-derived genetic variants
for a variety of responses to tumor promoters such as transfor
mation, mitogenic stimulation, and activator protein-1-depend
ent transactivation (AP-1) (15).

Although our results seem to be in contrast with the well-
described induction of anchorage-independent growth by TGF-
ÃŸ(3, 25, 26), it should be noted that the ability of TGF-/3 to
induce anchorage independence has so far been reported only
for fibroblast cell lines or normal fibroblasts (3, 25, 26) and is
dependent on the presence of other growth factors in the culture
medium (25, 27). In some cases (3, 25, 27) but not in others
(26), this induction by TGF-/Ãœof the growth of fibroblasts in
soft agar is transient and is readily reversible after removal of
TGF-/3. Our demonstration of the antipromoting activity of
TGF-ÃŸin the PMA-induced transformation of JB6 epithelial
cells supports the concept that TGF-0 is a multifunctional
protein with multiple, and in some cases opposite, biological
activities on different cell types or genetic variants (5). It is
relevant to note that the antiproliferative effects of TGF-/S have
been reported primarily on epithelial cells, such as cells derived
from bronchus, skin, liver, and intestine (7-10), while prolifer-
ative effects of TGF-ÃŸhave been reported mainly on cells of
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PMA

RA PMA RA

206-

Fig. 7. Affinity-labeling of Cl 415. cells
with 12SI-TGF-0. Cells were treated as de
scribed in Fig. 5. Cross-linking of bound '"I-
TGF-ÃÃwas performed as described in "Mate
rials and Methods." A 50-fold excess of unla-
beled TGF-Ã–(Comp.) was present in the bind
ing reaction, as indicated. C, untreated control.

100-

68

â€¢¿�t
Comp.

42-

25-

18-

mesenchymal origin, such as fibroblasts, osteoblasts, and
Schwann cells (5, 6, 25, 27). Although further studies are
necessary to establish whether the antipromoting effect of TGF-
ÃŸon JB6 cells described here can be generalized to other cells
of epithelial origin, our results suggest that another role for
TGF-/3 in maintaining homeostasis of epithelial cells is to
partially counteract some events leading to malignant transfor
mation.

Previous studies have demonstrated that retinoids can also
inhibit PMA-induced transformation of JB6 cells (16), and that
retinoids have antipromoting activity both in vivo and in vitro
(28, 29). In the present study we report synergistic effects
between TGF-0 and retinoic acid in inhibiting PMA-induced

transformation of JB6 cells, such that simultaneous adminis
tration at 4 x 10~'Â°MTGF-/3 and 10~8 M RA produce greater

than 90% inhibition of PMA-induced anchorage-independent

transformation.
In studies to determine whether the mechanism for this

synergy was at the level of TGF-/3 receptor expression, both
Scatchard analysis of TGF-/3 binding data and affinity cross-
linking experiments demonstrated that treatment of JB6 cells
with PMA caused a decrease in TGF-ÃŸreceptor numbers and
affinities, whereas RA prevented this PMA-induced down-mod
ulation of TGF-/3 receptors. Akhurst et al. (30) have recently
reported that PMA induces TGF-/3 mRNA expression in mu
rine skin. It is, therefore, possible that the down-modulation of
TGF-0 receptors by PMA may be due to increased TGF-0
production, followed by receptor occupancy and down-regula
tion. However, following PMA treatment of monolayer cultures
of JB6 cells, we did not detect an increase in TGF-0 activity in
the supernatants (data not shown). It is possible that the ability
of RA to counteract the effect of PMA on TGF-/3 receptors
may contribute to the synergistic antipromoting effects of RA
and TGF-/3. Although it has been recently reported that the

binding of TGF-ÃŸto several cell lines is affected by cell density
(31, 32), in our experiments the cell density was comparable in
all conditions tested. Therefore differences in cell density did
not account for the changes observed in TGF-/3 binding follow
ing treatment with PMA or PMA and RA.

Scatchard analyses of the binding of TGF-0 to JB6 cells gave
curvilinear plots compatible with the presence of 2 classes of
binding sites. PMA treatment down-modulated the expression
of both types of binding sites, and treatment with RA prevented
this PMA-induced modulation. Both linear and curvilinear
Scatchard plots have been reported in previous studies on the
binding of TGF-/3 to other cell lines (22, 31-36). The reasons
for these discrepancies are at present unclear, but they may be
due to differences in the procedures used to perform the binding
assays. Affinity labeling of many cell types with 125I-TGF-|0has
revealed the presence of 3 cross-linked bands that have been
operationally named type I, II, and III receptors (22, 23). The
biological relevance of each of these TGF-ÃŸbinding proteins
and their relationships to the different classes of binding sites
observed upon Scatchard analysis of TGF-0 binding data are
presently unclear. However, recent data suggest that the type I
receptor (the M, 6500 cross-linked complex) is primarily re
sponsible for conferring biological responsiveness to cells (36-
38). Interestingly, in our experiments, PMA treatment of JB6
cells caused a preferential decrease in the M, 6500 8500 cross-
linked complexes with only small changes observed in the MT
>20,000 complexes. Treatment with RA prevented the PMA-
induced decrease in the formation of these cross-linked com

plexes.
TGF-0 and retinoids share many biological activities, espe

cially on epithelial cells (1). The possibility that the mechanisms
of action of these 2 different molecules are interactive has been
suggested previously (1). There are numberous loci at which
one may suggest interactions, ranging from activation of similar
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genes to the effect of retinoids on TGF-ÃŸsignal transduction.
The TGF-0 system can be regulated at the level of the synthesis
of the cytokine, the expression of its receptor, and/or the
activation of the latent form of TGF-0 (39, 40). The data
presented here demonstrate that RA can counteract the effect
of PMA on TGF-/3 receptors. Moreover, we have recently
observed that treatment with RA increases TGF-,8 receptor
expression on the human promyelocytic cell line HL60 (37).
Our results suggest that the interaction between retinoids and
TGF-0 can involve modulation of TGF-/3 receptor expression.
An alternative explanation for synergism to the above-discussed
effects of retinoids on TGF-0 receptors might be that TGF-0
can only incompletely inhibit PMA-induced JB6 transforma
tion, and that further inhibition of a separate pathway by
retinoids or other complementary agents is required. Since fetal
bovine serum contains retinoids, and since retinoids may func
tion as permissive factors for TGF-0 effects, the possibility
arises that serum levels of retinoids make possible up to 50%
inhibition of PMA transformation by TGF-/3 but that supple
mentary retinoids are needed for 100% inhibition.

Finally, there is currently considerable interest in the use of
retinoids in both the control and the prevention of cutaneous
cancer (41). In laboratory animals, retinoids have been found
to prevent chemically induced tumors (41). In humans, a sig
nificant response rate to treatment with retinoids has been
reported in the preneoplastic cutaneous condition, actinic kÃ©r
atoses (42). Moreover, a rapid deceleration of the rate of the
formation of new skin tumors has recently been reported in
patients with xeroderma pigmentosum following treatment
with oral retinoids (43). Our results suggest the possibility that
TGF-0 alone or in combination with retinoids may be of some
utility in the prevention of cutaneous cancers in individuals at
known high risk.
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