




TGF-/9 EFFECTS IN HUMAN SQUAMOUS CARCINOMA CELLS

Fig. 1. Effects of TGF-/3 on monolayer
growth of (a) SCC-15G, (A) SCC-25, (c) SCC-
9, and (</)SCC-12F cells. Cells were grown in
the presence of 0 pM (â€¢),10 pM (O), 100 pM
(A), or 1000 pM (D) TGF-/3 and counted on
the days indicated. Each point represents the
mean of duplicate determinations from a single
experiment, and each experiment was per
formed at least three times with similar results.
Bars, SD. Medium was replaced on Days 3
and 6 (arrows).
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Table 1 Reversibility ofTGF-ÃŸinhibition of monolayer growth
Cells were seeded into 24-well dishes (3 x IO4 cells/well for SCC-15G and 5

x IO4 cells/well for SCC-25) in SS growth medium. The next day, the medium
was replaced with S5 containing 0 or 100 pM TGF-/ÃŽ.After 3 days, the extent of
inhibition was determined by counting cells from duplicate wells at each TGF-/3
concentration. The remaining cells were refed with medium containing 0 or 100
pM TGF-/3 as indicated, and cells were counted 4 days later. Values are means of
duplicate determinations for each TGF-/3 concentration at each time point. Each
experiment was performed three times, using different seeding densities. Similar
results were obtained in all experiments.

TGF-0(pM)Cell

lineSCC-15GSCC-25Added
on

dayO0100010010001000100100Added
on

day3001000010010~5

x no. ofcells/wellMean

Â±SD1.78

Â±0.101.01Â±0.11'2.45

Â±0.542.37
Â±0.691.54

Â±0.061.19

Â±0.170.87
Â±0.03"1.39
+0.010.59
Â±0.08"0.40
Â±0.06Â°%of

control100571009763100731004229

' Significantly different from control (P < 0.05).

insoluble cornified envelope. These two parameters were used
as markers for the induction of differentiation in SCC cells by
TGF-/3. The degree of keratinization was assessed using: (a) the
trichromie stain of Ayoub and Shklar, in which basal (prolifer
ating) cells stain blue-gray, partially differentiated cells stain
orange, and fully keratinized cells stain bright red; and (b) the
Rhodanile blue stain of Rheinwald and Green, where the inten
sity of staining is proportional to the amount of keratin in the
cells.

In cultures of SCC-9, SCC-12F, SCC-15G, and SCC-25 cells
treated with 0-1000 pM TGF-0 and stained with the trichromie
stain, monolayers stained uniformly blue, with only occasional
small pockets of red or orange staining (data not shown). There
was likewise no difference between controls and TGF-/Ã®-treated
cells in the intensity of staining of keratin with Rhodanile blue.
Thus, TGF-/3 concentrations as high as 1000 pM did not in
crease keratinization in subconfluent or confluent cultures of
SCC-9, SCC-12F, SCC-15G, or SCC-25 cells.

When SCC cells treated for 3 days with 0-1000 pM TGF-,3
were tested for their ability to form insoluble cornified enve
lopes in the presence of A23187, a Ca2+ ionophore, there was

no significant difference (P < 0.05) in envelope competence in
any of the 4 cell lines tested at any TGF-ÃŸconcentration (Fig.
2).

Receptor Binding. All four of the human squamous carcinoma
cell lines tested, SCC-9, SCC-12F, SCC-15G, and SCC-25,
displayed specific high-affinity binding of I25I-labeled TGF-/3.

Fig. 3Â«shows the saturation binding curve from an assay using
SCC-12F cells, and Fig. 3b is a Scatchard plot of the same data.
Scatchard plots of the data from all 4 cell lines appeared to be
curvilinear, suggesting the presence of more than one class of
specific receptors. Statistical analysis of the data, however,
revealed that the lower-affinity components of the curves could
not unambiguously be distinguished from nonspecific binding.
Other investigators (26, 29, 30) have reported similar curvilin
ear plots for a number of cell lines. The biological significance
of the low-affinity binding component, however, is not known.
The data for all 4 cell lines with regard to receptor binding are
shown in Table 2. Results for SCC-12F cells varied considerably
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Fig. 2. Effects of TGF-/3 on the percentage of envelope competent cells in
monolayer cultures of SCC-9 (â€¢),SCC-12F (O), SCC-15G (A), and SCC-25 cells
(â€¢).Cells were grown in the presence of the indicated concentrations of TGF-ÃŸ
for 3 days and then assayed for envelope competence as described in "Materials
and Methods." Each point represents the mean of triplicate determinations. Bars,

SD.
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Fig. 3. Binding of '"I-labeled TGF-/3 to SCC-12F cells, (a) Saturation binding

curve. O, total binding; A, specific binding; D, nonspecific binding, (b) Scatchard
plot of data from a. Cells were seeded into 24-well dishes, and binding assays
were performed as described in "Materials and Methods." Nonspecific binding
was determined in the presence of a lOOx molar excess of unlabeled TGF-ÃŸ.Each
point represents the mean of triplicate determinations for specific binding.

Table 2 TGF-ÃŸreceptors in human SCC cells
Cells were seeded into 24-well dishes and allowed 24-48 h to attach to the

dishes. Monolayers were incubated for 2 h in binding buffer (see text) containing
0-1000 pM '"I-labeled TGF-ÃŸ.Cultures were rinsed, and bound counts were
released by incubation for 30 min in DMEM containing 1% Triton X-100, 10%
glycerol, 0.1% BSA, and 20 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic
acid, pH 7.4. Nonspecific binding was determined in the presence of a lOOx
molar excess of unlabeled TGF-ÃŸ.The estimated number of receptors per cell
and receptor affinity, along with their associated standard deviations, were deter
mined by nonlinear least squares regression analysis.

CelllineSCC-9

SCC-12F
SCC-12F
SCC-12F
SCC-1 5G
SCC-25High

affinity
sites/cell Â±
SD1878

Â±84
5286 Â±572
3883 Â±674
2282 Â±897

927 Â±102
1426 Â±199tfDÂ±SD(pM)6.0

Â±1.0
20.8 Â±4.6
12.3 Â±5.8
43.9 Â±26.7
11.8 Â±3.1
3.9 Â±1.9

between experiments; however, estimates of receptor number
in these cells consistently fell in the range of 2000-5500 sites/
cell (KD = 12-44 PM). Receptor numbers in SCC-9, SCC-15G,
and SCC-25 cells were relatively lower (900 to 1900 sites/cell).
The affinity of these receptors, however, was quite high (KD =
6, 12, and 4 pM for high-affinity sites in SCC-9, SCC-15G, and
SCC-25 cells, respectively).

Because assays of the inhibition by TGF-ÃŸof monolayer and
clonal growth in SCC-25 cells had revealed differences in sen
sitivity depending on the growth medium used, experiments
were performed to determine whether there was a difference in
the number or affinity of TGF-/3-binding sites in SCC cells
grown in the two media. SCC-25 cells were grown to near

confluence and then refed with either S5 medium or KDMS
for 3 days. These cells were then assayed for the presence of
specific receptors. There was no difference in the number or
affinity of high-affinity receptors between cells grown in the
two media (data not shown). In S5 medium, SCC-25 cells
contained about 1426 receptors/cell, at KD = 3.9 pM, compared
to about 1496 receptors/cell at KD = 3.0 pM in KDMS. Like
wise, there was no difference in number or affinity of TGF-ÃŸ
receptors in SCC-15G cells in the two media.

Modulation of Growth Effects of TGF-ÃŸby Culture Media.
As described above, our results with monolayer growth of SCC-
25 cells in S5 medium indicated that TGF-ÃŸwas strongly
inhibitory at concentrations as low as 10 pM. These cells had
previously been reported to lack detectable specific receptors
for TGF-ÃŸ(5), and the clonal growth of these cells was said to
be unaffected by concentrations of growth factor up to 30 ng/
ml (i.e., 1200 pM). We were concerned that this difference in
results might mean that the 2 populations of SCC-25 cells
(those used by Shipley et al. and those used in our laboratory)
had diverged significantly such that the TGF-ÃŸsensitivity of
the 2 populations was different. Alternatively, the differences
in results could be a function of the use of different culture
systems, since our cells were grown in DMEM plus 5% FBS
whereas Shipley et al. used a defined medium, KDM, supple
mented with 0.5% FBS. To distinguish between these possibil
ities, we performed the clonal growth assay as described by
Shipley et al., using the SCC-25 cultures from our laboratory,
and compared the effects of TGF-ÃŸin S5 and in KDM + 0.5%
FBS (KDMS). SCC-25 cells seeded at clonal density in S5
medium failed to proliferate regardless of the TGF-ÃŸcontent
of the medium. Microscopic observation confirmed that cells
were still present in the dishes but that most cells were isolated,
with very few colonies of >10 cells. In KDMS, however, SCC-
25 cells formed numerous colonies of 100 cells or more. TGF-
ÃŸdid not inhibit this proliferation, although the colonies in
TGF-/3-treated cultures were somewhat smaller than in con
trols. These results are in agreement with those of Shipley et
al. We conclude, therefore, that the difference between re
sponses to TGF-ÃŸobserved by Shipley and those seen in our
laboratory was a function of the different culture media used
rather than differences in the cells themselves.

Clonal growth assays were also performed using SCC-15G
cells in both S5 and KDMS media. As with the SCC-25 cells,
SCC-15G cells seeded at clonal density proliferated to form
large colonies in KDMS but did not grow in S5. Unlike the
SCC-25 cells, however, the formation of large colonies of SCC-
15G cells in KDMS medium was inhibited by 120 pM TGF-ÃŸ.

Since previous experiments had shown that the monolayer
growth of both SCC-15G and SCC-25 cells was suppressed by
TGF-ÃŸ, we compared the effects of 0-1000 pM TGF-ÃŸ on
monolayer growth of these two cell lines in S5 and KDMS.
Fig. 4 shows that SCC-25 cells were inhibited strongly in S5
medium (41% of control, 100 pM TGF-ÃŸ,Day 10), but only
slightly in KDMS (82% of control, 100 pM TGF-ÃŸ,Day 10).
SCC-15G cells were strongly inhibited in both media.

DISCUSSION

The biochemical pathways of cellular growth and differentia
tion are complex and contain numerous points at which cells
might escape normal growth control mechanisms. The study of
cell lines with defective control of proliferation and differentia
tion should provide a better understanding of the processes
which may be compromised in malignant cells. The four human
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Fig. 4. Effects of TGF-/3 on monolayer growth of (o) SCC-1SG and (Ã¨)SCC-

25 cells in S5 medium (DMEM plus 5% FBS) and KDMS. Cells were grown in
S5 (O), KDMS (A), S5 plus 100 pM TGF-/3 (â€¢),or KDMS plus 100 pM TGF-0
(A) and counted on the days indicated. Eachpoinf represents the mean of duplicate
determinations from a single experiment, and each experiment was performed
three times. Bars, SD. Medium was replaced on Day 4 (arrows).

squamous cell carcinoma lines used in this study have all been
shown to be at least partially defective in the ability to termi
nally differentiate (20). The results of this study indicate that
two of the cell lines, SCC-15G and SCC-25, are extremely
sensitive to the growth-inhibitory effects of TGF-/3, while one,
SCC-12F, is completely resistant to growth inhibition under
the conditions used here. The sensitivity of the fourth, SCC-9,
depends on the density of the cells in culture. This difference
in responsiveness to the growth-inhibitory effects of TGF-ÃŸ
suggests that the cell lines possess defects at different points in
the proliferation and differentiation control cycle.

Previous reports comparing the sensitivity of SCC-25 cells
to TGF-/3-induced inhibition with that of normal human epi
dermal keratinocytes initially suggested that the carcinoma cells
were unresponsive to TGF-0 due to a deficit in specific TGF-0
receptors (5). The results of this study, however, demonstrate
that SCC-25 cells, as well as the other 3 SCC lines tested, all
possess specific high-affinity receptors for TGF-0. While the
number of receptors in these cells (900-5,500 sites/cell) is low
compared to normal keratinocytes (35,000 sites/cell), it is
nevertheless clear that low receptor number does not necessarily
correlate with lack of sensitivity to the inhibitory effects of
TGF-/3. In this study, the 2 cell lines which were most sensitive
to TGF-/3 inhibition, SCC-15G and SCC-25, were also the 2
lines with the lowest receptor numbers (927 and 1426 receptors/
cell for SCC-15G and SCC-25, respectively). Likewise, a lack
of sensitivity to TGF-0 is not necessarily due to a lack of
receptors, since SCC-12F cells were completely resistant to
TGF-0-induced growth inhibition but had the highest number
of receptors of the 4 lines tested. Receptor numbers and affin
ities in SCC-12F cells varied from experiment to experiment
but were similar to those reported in the TGF-0-responsive
lines NRK-49F (normal rat kidney) and AKR-2B (mouse em
bryo fibroblasts) (31). Thus, the lack of growth inhibition in
SCC-12F cells is not due to an inability to bind TGF-0, but
rather to a compromised ability of the cells to respond to the

negative growth signal, preventing the transition from the pro-
liferative into the differentiation mode. The possibility remains
that the inability of SCC-12F cells to be inhibited by TGF-0

might be due to alterations in the relative proportions of differ
ent TGF-0 binding species, or to a loss of type III TGF-ÃŸ
receptors, the receptor type which seems to be associated with
the inhibitory effects of TGF-0 on epithelial cell growth (32).
It has been proposed that such a loss of sensitivity to normal
growth-inhibitory signals may contribute to the transformation
of cells (33), and it is possible that the malignant nature of
SCC-12F cells is a result of this sort of defective control
mechanism.

The fact that SCC-15G and SCC-25 cells retain their sensi
tivity to the growth-inhibitory properties of TGF-/3 indicates
that the TGF-/3 response mechanism in these cells is at least
partially functional. Even between these cell lines, however,
there are differences in the time course of inhibition and the
effects of culture conditions on the response to TGF-/3. Inhibi
tion of growth in SCC-15G cells is detectable earlier than in
SCC-25 cells. The final extent of inhibition, however, is about
the same for both cell lines. The observation that inhibition
takes longer to become apparent in SCC-25 cells can be ex
plained by the fact that SCC-25 cells have a somewhat longer
doubling time than SCC-15G cells. Equal sensitivity of the 2
cell lines is further supported by the receptor-binding data,
which show that the numbers and affinities of receptors in SCC-
15G and SCC-25 cells are very similar. The number of receptors
in both these cell lines is fairly low, compared to SCC-12F or
NRK cells; however, the numbers agree well with those reported
by other investigators for a variety of other human epithelial
cancer lines (13, 18).

Culture conditions can have profound effects on the re
sponses of cells to TGF-/J. The monolayer growth of SCC-25
cells was markedly inhibited in S5 medium, while in a defined
medium containing 0.5% FBS (KDMS), clonal growth was
only marginally inhibited, and monolayer growth was inhibited
to a lesser extent than in S5. The lack of inhibition of clonal
growth in KDMS confirms observations by Shipley et al. (5).
However, while these investigators were unable to detect TGF-
ÃŸreceptors in SCC-25 cells, our results show that receptors are

present in comparable numbers and with comparable affinities
in S5 and KDMS media. The reason for the difference in
response between the two media is unknown, and further ex
periments are being undertaken to investigate this phenome
non.

The sensitivity of SCC-9 cells to TGF-/3 was likewise depend
ent on culture conditions. These cells were inhibited in nearly
confluent cultures, but not in log phase cultures. The maximum
inhibition observed, however, was only 35%, compared to 80%
in SCC-15G cells. It is possible that these cells appear to be
less sensitive to TGF-0 than the other lines because of the much
longer doubling time of SCC-9 cells. The reason for the differ
ence in effects between log phase and confluent cultures is
unknown but may be a function of changes in receptor number
as the culture matures.

The mechanism by which TGF-|8 alters cell growth is not
known. There is evidence that the inhibition of growth is not
strictly coupled to the induction of terminal differentiation (6,
8). In this study, neither keratinization nor envelope compe
tence, both markers of terminal differentiation, were increased
in SCC-9, SCC-15G, and SCC-25 cells even by concentrations
of TGF-/3 which inhibited growth by up to 80%. Furthermore,
as reported for a variety of cell types (5, 34), the inhibition of
SCC-15G cell growth was fully reversible after the removal of
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TGF-/3. Thus, the inhibition by TGF-/3 of epithelial cell prolif
eration is not simply a result of the commitment of these cells
to a program of terminal differentiation.

In the course of differentiation to adipocytes, BALB/c 3T3
T mouse stem cells progress through a number of distinct stages
along a multistep pathway leading from growth arrest in GÃ¬to
terminal differentiation (35, 36). Available evidence suggests
that a similar multistep pathway may be operative in the differ
entiation of epithelial cells as well (37-39). We propose that a
model similar to that described by Sparks et al. (35, 36) can be
used to explain the observed effects of TGF-/S on SCC cells
(Fig. 5). In 3T3 T cells, TGF-/3 inhibits differentiation by
preventing the transition from a pa-differentiation growth ar

rest state (Go) early in G, to a reversible nonterminally differ
entiated state (GD-)- Evidence also suggests that TGF-/3 exerts
its growth-modulatory effects on epithelial cells during the G,
phase of the cell cycle (5, 8, 40). In the proposed model, TGF-
ÃŸwould act to arrest the growth of epithelial cells at a specific
point in the G, phase of the cell cycle, analogous to the point
of TGF-0 action described by Sparks et al. for BALB/c 3T3 T
cells (GD). This site would represent a branch, or decision, point
in the cell cycle at which TGF-/3 would determine whether a
cell would continue its progress through G i or be diverted into
a multistep differentiation pathway that ultimately would end
in terminal differentiation. The effect of TGF-0 on a given cell
would depend on the previous programming of that cell. In
mesenchymal cells, such as 3T3 T, the effect would be permis
sive, allowing the cells to continue progress through d by
inhibiting entry into the differentiation pathway (36). In epithe
lial cells, on the other hand, the effect of TGF-/3 would be

inhibitory, arresting the cells at a specific stage in GÃ¬.From
this state of growth arrest, cells could be free to proceed into
the pathway of differentiation or to remain quiescent at the
point of blockage. Some cells (e.g., normal human bronchial
epithelial cells) would be able to progress to the end of the
pathway and reach terminal differentiation. TGF-/3 would thus
serve to stimulate differentiation in these cells. Other cells, such
as the SCC cells used in this study, could be blocked at inter
mediate points along the pathway due to defects in the differ
entiation program.

Thus, the resistance of SCC-12F cells to growth inhibition
by TGF-j8 could reflect a defect in these cells which hindered
the TGF-/3-induced growth arrest and prevented subsequent

differentiation. Such a defect might be due to damaged signal
ling mechanisms within the cell or to changes in or loss of
specific TGF-/3-binding species (e.g., loss of type III receptors).
The defect in SCC-15G cells, on the other hand, must occur at
a point in the pathway distal to GD, allowing these cells to be
growth arrested by TGF-|8 but preventing them from reaching
a stage of irreversible commitment to differentiation. Thus the

Cell Cycle Differentiation Pathway

TGF - ÃŸPoint ol Action

t t
SCC-12F SCC-15G

JL Vi ^7

SCC-25

Fig. 5. Model of the effects of TGF-/3 on SCC cells. //, defect in the differ
entiation pathway; I'.I., point of irreversible commitment to differentiation path
way; T,,, terminal differentiation.

SCC-15G cells are capable, upon removal of the inhibitory
stimulus, of returning to active proliferation, as seen in the
reversibility experiments in this study. SCC-25 cells likewise
retain the capacity to arrest their growth in response to TGF-
ÃŸ.The defect in these cells, however, would be still further
along the differentiation pathway than that of the SCC-15G
cells, such that they progressed to a point where the inhibition
of cell division was irreversible (Fig. 5, /*./.), but short of actual

terminal differentiation. The cells would therefore be unable to
resume proliferation upon removal of the TGF-ÃŸ.

In summary, four SCC lines were examined for their ability
to bind and to be growth inhibited by TGF-/3. All 4 cell lines
possessed high-affinity TGF-/3 receptors, but only 2 of the cell
lines could be consistently inhibited. The mechanism of the
difference in sensitivity to TGF-/S clearly goes beyond receptor
recognition and may involve defects in the postreceptor signal
transduction pathway or changes in the relative proportions of
TGF-/3 receptor types. The differences in responsiveness to
TGF-ft and in reversibility of TGF-/3-induced inhibition suggest

the presence of a multistep differentiation pathway similar to
that previously proposed for (ihnÂ»blasts.
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