
[CANCER RESEARCH 47. 2950-2954, June 1, 1987]

Characterization of the Inhibitory Effects of Transforming Growth Factor-/? on a
Human Colon Carcinoma Cell Line1

Naseema M. Hoosein, Diane E. Brattain, Mary K. McKnight, Alan E. Levine, and Michael G. Brattata2

Bristol-Baylor Laboratory, Department of Pharmacology, Baylor College of Medicine, Houston, Texas 77030

ABSTRACT

The effects of transforming growth factor-/? (TGF/3) on a human colon
carcinoma cell line (MOSER) were investigated. TGF/S, at low concen
trations (between 0.1 and 1.0 ng/ml), inhibited the proliferation of
MOSER cells both in monolayer culture and soft agarose, in a dose-
dependent manner. MOSER cells adapted to growth in chemically de
fined serum-free medium were more sensitive to the inhibitory effects of
I<.!â€¢/>'than cells maintained in serum-supplemented medium. Morpho

logical changes in MOSER cells, observed with TGF/3, were similar to
those seen with the chemical differentiation agent .V,.V-dimethylfiirm-
amide. Also in similarity to the effects of ,V,,V-dimethyIforniumide, TGF0
induced a time- and concentration-dependent increase in soluble extra
cellular fibronectin. Binding studies with |IMI|TGF/3 revealed a relatively

low number of binding sites on MOSER cells (13%) compared with
mouse embryo fibroblastic (AKR-2B) cells. Thus far, other colon carci
noma cell lines, some displaying TGF/3 receptors, have been reported to
be unresponsive to TGF0. This study is therefore the first to demonstrate
a TGF/3-responsive colon carcinoma cell line.

INTRODUCTION

TGF/3' induces anchorage-independent growth of NRK and
mouse AKR-2B fibroblasts, cells which do not normally form
colonies in soft agarose (1,2). TGF/3 has been purified from a
number of sources. It has a molecular weight of 25,000 and
consists of two identical subunits joined together by disulfide
bonds (3-7). A c-DNA sequence for human TGF/3 has been
determined and Northern hybridization techniques have shown
that TGF/3 mRNA is expressed in a large number of cell lines
(8). TGF/3 present in conditioned medium was shown to be
present in an inactive high molecular weight form at acidic pH
(9). EGF or the EGF-related TGFa is required for anchorage-
independent growth of NRK cells in serum containing (10) and
serum free medium (11). While TGF/3 may modulate EGF
receptors (12-14) in NRK cells, it acts in a hormone-like
manner through binding to its own receptor (15-17). TGF/3
does not require EGF or TGFa for activity with other types of
cells such as AKR-2B fibroblasts (2).

While in some circumstances TGF/3 appears to be stimulatory
in its action (1, 2, 18, 19), it has been shown to be closely
related to a growth inhibitor from BSC-1 monkey kidney cells
described by Holley and colleagues (20). TGF/3 inhibits mono-
layer growth (1) and DNA synthesis (21) and induces a differ
entiation-like response in some normal cell types in tissue
culture (22). Inhibitory activity in normal prokeratinocytes is
associated with a reversible growth arrest in the GI phase of
the cell cycle (23).
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The anchorage-independent growth of several malignant cell
types has been shown to be inhibited by TGF/3 (1, 2). Despite
the presence of TGF/3 receptors some malignant cells appear
to be nonresponsive. This is particularly true of human colon
cancer-derived cell lines as all that have been examined to date
are not responsive to TGF/3 (1, 2, 24). We have previously
described the establishment of a large bank of human colon
carcinoma cell lines which has been subclassified according to
several biological and biochemical characteristics including
their degree of xenograft differentiation and growth properties
in vitro (25-29). Recently, we have reported the isolation of a
low molecular weight tumor inhibitory factor which was effec
tive in reducing anchorage-independent growth of the moder
ately and well-differentiated cell lines in our bank, but was not
effective against any of the poorly differentiated cell lines (30,
31). In this study, we have characterized the effects of TGF0
on both the anchorage-dependent and anchorage-independent
growth of a moderately-differentiated human colon carcinoma
cell line, designated MOSER (31). The MOSER cell line was
chosen because of its relative high degree of sensitivity to other
growth factors (31). This study shows that some colon carci
noma cells are responsive to TGF/3. Also the results indicate
that TGF/3 has a differentiation-like effect on responsive human
colon carcinoma cells and induces the expression of the extra
cellular matrix-associated glycoprotein, fibronectin.

MATERIALS AND METHODS

Transforming Growth Factor-0. Porcine platelet TGF/3, which was
greater than 96% homogeneous by silver stained gels, amino acid
analysis, and W-terminal sequencing, was purchased from R & D
Systems, Inc. (Minneapolis, MN). Human and porcine TGF0 (from R
& D Systems) appear to have similar binding characteristics (32). TGF/3,
supplied lyophilized, was reconstituted and stored in 4 HIMHC1 at a
concentration of 200 ng/ml.

Cell Culture. The MOSER human colon cancer line was established
in vitro from a spontaneously arising lesion as previously described
(26). Working cultures of the line were maintained at 37Â°Cin a
humidified atmosphere of 5% CO2 in McCoy's medium 5A (Flow

Laboratories) supplemented with 10% FBS and antibiotics (strepto
mycin-penicillin). Cells grown in the absence of serum were cultured in
McCoy's medium 5A containing twice the normal concentrations of

sodium pyruvate, vitamins and amino acids. Also included in the serum-
free medium were transferrin (4 jig/ml), insulin (20 Mg/ml), EGF (10
ng/ml), sodium selenite (1 x IO"8 M), hydrocortisone (2 Mg/ml) and
triiodothyronine (4 x 10"'Â°M).

For growth curves 70,000 cells were inoculated into 25-cm2 flasks

(Corning) in 5 ml of growth medium. At the indicated time intervals
cells were suspended in 0.05% trypsin (for cells grown in serum supple
mented medium) or 0.0125% trypsin (serum free medium) in Jokliks
tissue culture medium (GIBCO) containing 0.1% EDTA and counted
with a hemocytometer.

Growth Inhibition Assay. MOSER cells, (1.5 x 10" or as indicated)
were inoculated into 35-mm dishes (Falcon) in 2 ml of growth medium
containing varying concentrations of TGF/3, DMF (Sigma), or retinoic
acid (all trans form; Sigma). Cells were counted 5 days later as described
above.

Soft Agarose Assay. Underlayers of 1 ml of 0.8% agarose (Sea
Plaque) in serum supplemented growth medium were plated in 35-mm
culture plates and allowed to solidify at room temperature. These were
overlaid with a 1 ml suspension of 3.0 x IO3 MOSER cells in 0.4%
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INHIBITION OF COLON CARCINOMA CELL LINE BY TGF0

agarose in McCoy's medium 5A supplemented with 10% FBS contain

ing varying concentrations of TGF as indicated. Plates were incubated
at 37"C (5% CO2 in a humidified incubator) and examined for growth

at 3 weeks.
Cells were stained with 2-(/7-iodophenyl)-3-(p-nitrophenyl)-5-phen-

yltetrazolium chloride (Sigma) as described by Schaeffer and Friend
(33) and colonies were scored with the aid of an inverted microscope.

TGF/9 Binding Assay. Cells were grown in 24-well culture dishes
(Falcon) to near confluence in McCoy's medium 5A containing 10%
FBS. Cells were washed once with binding buffer (McCoy's medium
5A containing 25 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic
acid, 0.1% BSA, pH 7.5) and 0.2 ml of binding buffer containing 0.5
ng/ml '"I-labeled TGF/3 was added. Human platelet TGF/3 labeled
with iodine-125 by the method of Frolik et al. (15) was obtained from
Dr. K. Stromberg, NCI. Nonspecific binding was determined in the
presence of 200 ng/ml porcine platelet TGF/3 (partially purified, R &
D Systems). After incubation for 90-120 min at room temperature on
a rotating shaker, the binding solution was removed, cells were washed
four times with binding buffer and removed from the culture dishes
with 0.3 ml of collagenase (1 mg/ml, Sigma). Cell bound radioactivity
was determined in a Beckman 7 counter and specific binding was
calculated by subtracting the nonspecific binding from the total binding.
Total binding was determined in quadruplicate and nonspecific binding
in duplicate. Cells from replicate wells (quadruplicate), treated as above
except without the addition of TGF/3, were removed with irypsin and
cell counts done as described above. Results are expressed as specific
1"I cpm bound/IO6 cells.

Radioimmunoassay for Fibronectin. A solid-phase, direct-binding ra-
dioimmunoassay was used to determine relative fibronectin levels in
conditioned media. The assay was performed in 12 x 75 mm star tubes
(immunoquality, Nunc, Denmark). Tubes were coated with 25 ^1 con
ditioned medium in 0.5 ml of 0.1 M carbonate buffer, pH 9.6. Adsorp
tion was facilitated by shaking the tubes overnight, at RT. To prevent
nonspecific adsorption of antibody, tubes were blocked with 0.7 ml of
3% BSA in phosphate buffered saline for 2-3 h at RT with constant
shaking. Tubes were then treated with 0.5 ml of 1:20,000 dilution of
antihuman fibronectin antiserum (Dako Corporation, Santa Barbara,
CA) in solution A which was 1% BSA, 0.05% Tween 20 in phosphate
buffered saline. Incubation was for at least 4 h at RT with shaking and
was followed by washing the tubes with solution A. Bound antibodies
were detected by I25l-protein A (ICN, 200,000-300,000 cpm) in solution
A. Tubes were shaken for 3-4 h at RT, washed twice with solution A,
and counted in a 7 counter.

RESULTS

Morphology. The morphology of MOSER cells growing in
McCoy's 5A medium supplemented with 10% FBS is shown in
Fig. \A. The cell line grows in an anchorage-indifferent manner
within loosely attached patches consisting of more than one
layer of cells rather than growing as a monolayer sheet. Sub-
cellular structure cannot be distinguished in untreated cells at
the light miscroscopic level. When treated with TGF/3 at con
centrations as low as 1 ng/ml, MOSER cells flatten out, enlarge,
and grow in a monolayer fashion (Fig. IB). Nuclei and nucleoli
were easily seen in TGF0 treated cells at the light microscopic
level. The effects of TGF/3 on cellular morphology were quite
similar to those of DMF (Fig. 1C), one of a class of planar
polar chemicals shown to induce differentiation-like responses
in some types of malignant cells, including colon carcinoma
(34-38).

Inhibition of Proliferation. MOSER cells have a plating effi
ciency of approximately 10% for colonies of greater than 50
cells when grown in 0.4% soft agarose. Colonies were easily
visualized with the naked eye after staining with the vital dye
tetrazolium blue (Fig. 2). TGFÃŸinhibits colony formation in a
concentration-dependent manner with an effective dose (ED50)
between 0.5 and 1.0 ng/ml. A second human colon carcinoma
cell line, HCT 116, did not respond to concentrations of TGF/3
as high as 25 ng/ml. Binding of '"I-labeled TGF/3 to MOSER
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Fig. 1. MOSER cells grown in McCoy's 5A medium supplemented with 10%

FBS (A), treated with 5 ng/ml TGF/3 (A) and 1% DMF (Q.

and HCT 116 cells indicated that MOSER cells have approxi
mately 13% as many TGFÃŸreceptors as AK.R-2B cells while
HCT 116 did not show significant binding of [125I]TGF,8(Table

1).
Inhibition of proliferation of MOSER cells in tissue culture

by TGF/3 was also concentration dependent with a steep inhi
bition of proliferation of up to 40% between 0.1 and 1 ng/ml
(Fig. 3). There was little additional inhibition when TGF/3
concentrations were increased up to 20 ng/ml. MOSER cells
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INHIBITION OF COLON CARCINOMA CELL LINE BY TGF/3

Fig. 2. Soft agar growth of MOSER cells
treated with increasing concentrations of
TGF/3. Left to right, TGFÃŸconcentrations: a,
0; ft, 0.1; c, 0.5; d, 1.0; e. 2.0 ng/ml.

Table 1 Binding ofTGFff to MOSER, HCT lÃ¬6,andAKR-2B cells

CelllineAKR-2B

MOSER
HCT 116Specific

'Exp.

13285*
(100)'

666 (20)
149 (4.5)"I

cpm bound/ IO6cellsExp.

24241

(100)
479(11)
174(4)Exp.

38204

(100)
677 (8)
197(2.4)Relative

binding"100

13
3.6

Table 2 Effect of 10% FBS on TGFÃŸ-inducedinhibition of MOSER cells
maintained in serum free medium

" Average of all three experiments.
* Mean values from quadruplicate assay points.
1 Numbers in parentheses, relative binding.

100

6 8 10 12

ng/ml TGFÃŸ

14 16 18 20

Fig. 3. Effect of different doses of TGF/3 on the growth of MOSER cells
grown in medium supplemented with 10% FBS and serum free medium. Average
values from duplicate assay points are indicated. Assays were repeated at least
two additional times with similar results.
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â€¢MOSER in SERUM FREE MEDIA

0123 4 5

DAY

8 9 10

Fig. 4. Growth curves of MOSER cells grown in 10% FBS supplemented
medium and serum free medium. Values, averages from duplicate assay points.
Similar growth curves were obtained with three repeat assays.

grown in completely defined serum free medium were more
sensitive to TGF/3. The ED50 in serum free culture was approx
imately 0.5 ng/ml and inhibition continued to increase with

% Inhibition under various growthconditionsTGF0

(ng/ml)0.10.5

0.7
1.0
5.0Serum

free25

48
52
58
80Serum

free +
10%FBS"4058

67
71
7010%

FBS11

24
31
47
43

" MOSER cells (1.0 x 10*) adapted to growth in serum free medium were
plated in duplicate 35-mm dishes with 10% FBS supplemented medium and
varying concentrations of TGF/3. Cells were counted on day 5.

increasing TGFÃŸconcentration (Fig. 3). Although there was a
longer lag period with MOSER cells grown in serum free
medium, the log phase growth rates for serum free cells were
approximately equal to those of MOSER cells in medium
supplemented with 10% FBS (Fig. 4). Growth curves of cells
treated with 5 ng/ml TGF/3 in serum free medium and medium
supplemented with 10% FBS were performed. The results in
dicated that the type of medium supplementation utilized for
the TGF/3-treated cells did not appreciably affect doubling time.
TGF/3 induced an increase in doubling time of 2-fold in log
phase cells in medium supplemented with 10% FBS and 1.7-
fold in log phase cells grown in serum free medium.

These results suggested that adaptation and subsequent con
tinuous culture of parental MOSER cells in serum free medium
had selected a subpopulation of cells with a higher degree of
TGF/3 sensitivity than the parental MOSER cell line main
tained in 10% FBS. To test this possibility further we examined
the effects of replating cells maintained under serum free con
ditions in 10% FBS containing TGF/3 in order to determine
whether the serum free MOSER line maintained its heightened
sensitivity in the presence of 10% FBS. The results of this
experiment are shown in Table 2. MOSER cells grown in serum
free defined medium were significantly more sensitive to TGF/8
than parental MOSER cells grown in medium supplemented
with 10% FBS. Serum free MOSER cells grown in medium
supplemented with 10% FBS retained a heightened sensitivity
to TGF0.

Increase in Fibronectin. Recently, Ignotz and MassaguÃ©have
reported that cell lines which respond to TGF/3 also show
increased expression of extracellular matrix components such
as fibronectin and collagen in a manner which is dependent
upon TGF/3 concentration (39). Using a radioimmunoassay for
fibronectin we have quantitated changes in fibronectin released
into the medium of MOSER cells as a result of TGF/3 treatment
under serum free conditions. The relative amount of fibronectin
released into the culture medium per IO6 MOSER cells as a

function of TGF/3 concentration is shown in Fig. 5. After 3
days of TGF/3 exposure, fibronectin levels in the culture me
dium are linearly increased with TGF/3 concentrations ranging
from 0.1 to 20 ng/ml. The level of fibronectin released by cells
treated with 20 ng/ml TGF/3 is approximately 5-fold higher
than that released by cells treated with 5 ng/ml of the polypep-
tide despite the fact that the higher TGF/3 concentration is only
slightly more inhibitory toward MOSER cells. The colon car
cinoma cell line HCT 116, the growth of which is not inhibited
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10

ng/ml TGFÃŸ

Fig. 5. Dose-dependent increase in media fibronectin by TGF/3. MOSER cells
were seeded in 35-mm wells at 40,000 cells/wells in serum free medium. At 4
days conditioned medium was collected and spun at 3,000 x g Tor 10 min. 25 n\
of supernatant was assayed for fibronectin. Standard deviation of each assay point
performed in triplicate was less than 2%.

DAYS

Fig. 6. 1 ime course of the effect of TGF/3, DMF, and RA on media fibronectin.
Conditioned media was collected from MOSER cells as indicated in legend toFig. 5. Fibronectin levels in conditioned media from untreated (O), 5 ng/ml T( ;!â€¢'.;
(â€¢),0.5% DMF (D), 1.0% DMF (â€¢),I X IQ-6 M RA (A) and 1 X IO'5 M RA (A)

treated MOSER cells as shown. Each assay point done in triplicate had a standard
deviation of less than 2%.

by TGFÃŸdid not show increased levels of fibronectin.
The time course of fibronectin increase by serum free

MOSER cells treated with 5 ng/ml TGF/3 is shown in Fig. 6.
The effects of TGF/3 on fibronectin release were compared to
those of DMF and RA, other agents which have been reported
to induce a more normal phenotype in malignant cells. Within
4 days of treatment TGF/3 had induced an increase of approxi
mately 20-fold in extracellular fibronectin levels of serum free
MOSER cells. This level of induction remained essentially
unchanged over the next 3 days. DMF was not as effective as
TGFÃŸin the induction of extracellular fibronectin release by
MOSER cells. At 4 days posttreatment with 1% DMF, fibro
nectin release was increased by 4-fold, and reached a level of 8-
fold on day 7. The effect of DMF was also concentration
dependent as 0.5% DMF resulted in only a 3-fold increase in
fibronectin release by day 7. RA was not effective in inducing
fibronectin release at concentrations as high as IO"5 M. Cellular

extracts of MOSER cells were prepared in 9.5 M urea solution
and contain both intracellular as well as insoluble extracellular,
matrix-associated fibronectin. Such extracts of MOSER cells
treated with TGF/3, DMF, or RA did not show altered levels of
fibronectin.

DISCUSSION

The MOSER cell line provides the first example of human
colon carcinoma cells responsive to the inhibitory effects of
TGF/3. TGFÃŸinhibits proliferation of MOSER cells both in
tissue culture on plastic and in soft agarose although the level
of inhibition achieved on plastic is significantly less than that
achieved in soft agarose. Like many other responsive malignant
cell lines, the number of TGF/3 receptors on MOSER cells
appears to be relatively low (1,2). As previously observed with
other cell types (39), we found that TGF/3 induced the expres
sion of fibronectin by MOSER cells in a concentration and
time-dependent manner. Morphological changes induced by
TGF/3 at the light microscopic level were very similar to those
induced by putative chemical differentiation inducing agents of
colonie carcinoma cells (29, 34-38).

MOSER cells grown and continuously maintained in defined
serum free medium were more sensitive to TGFÃŸthan cells
permanently maintained on 10% FBS. Since cells grown in
defined medium had the same growth rate as MOSER cells
grown in 10% FBS and retained their higher level of TGF/3
sensitivity when converted back to growth in 10% FBS, it was
concluded that serum free culture conditions had selected a
subpopulation from the parental cell line. Induction of anchor
age independent growth of NRK cells by TGFÃŸin defined
serum free medium is modulated by platelet-derived growth
factor, fibroblast growth factor, and EGF (40). None of these
factors modulate the inhibition of MOSER proliferation in
duced by TGF/3 (data not shown). This is not surprising since
epithelial cells are not responsive to platelet-derived growth
factor or fibroblast growth factor. Either the inhibition activity
of TGF/3 against MOSER cells does not require EGF or the
TGFa secreted by these cells4 can replace the need for an

exogenous source of the growth factor.
TGF/3 effects on the proliferation of malignant cells seem to

be similar to those on normal NRK cells which have been
studied in monolayer (1). Inhibition of cell proliferation is
acutely concentration dependent at low TGFÃŸconcentrations
while higher concentrations have little additional effect on
inhibition. This could be due to the presence of TGF/3-resistant
subpopulations, but is also consistent with the possibility of an
incomplete block of the MOSER cells in the d phase of the
cell cycle (23). The results from TGF/3-induced anchorage-
independent growth inhibition of MOSER cells are interesting.
As in other studies with malignant cells (1, 2) we found the
formation of colony-sized clones (50 cells or more) in soft
agarose to be almost completely inhibited at high concentra
tions of the polypeptide (20 ng/ml). These results suggest that
TGF/3 eliminates one property of transformed cells which is
generally associated with malignancy: the ability to grow with
anchorage independence (41).

The promotion of differentiation by natural substances is of
great interest. TGF/3 has been proposed to be an effector of
differentiation of normal human bronchial cells (22). DMF,
DMSO, and butyrate are planar polar chemicals which have
been shown to induce differentiation-like changes in human
colonie carcinoma cells in vitro (29,34,35) including prevention
of colony formation in semisolid medium, reversible morpho
logical alterations in tissue culture, and inhibition of prolifera
tion. Recently, we reported that DMF-induced differentiation
of both fibroblasts (38) and human colon carcinoma cells (42)
is associated with the induction of fibronectin expression. TGFÃŸ
has almost the identical effects as DMF on the morphology
and fibronectin expression of MOSER cells, providing evidence

4A. Levine, L. Watkins, unpublished results.
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that it can act as a differentiation promoter in malignant cells
as well as normal cells.

The induction of fibronectin expression by TGF,8 in epithelial
cells is of interest. Ignotz and MassaguÃ©(39) have shown that
in addition to fibronectin, TGF0 can induce collagen expression
in responsive cells in vitro. Others have shown that TGF/3 can
also induce collagen expression in vivo (43). Collagen and
fibronectin are both components of extracellular matrix and
several investigations have demonstrated the important role of
extracellular matrix and basement membrane in determining
the differentiated properties of cells (44-46). A key function of
TGF/9 in the differentiation process may be the induction of
extracellular matrix or basement membrane synthesis by re
sponsive cells.
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