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ABSTRACT

Three human colon cancer lines (SW480, SW620, WIDR) secrete
different levels of transforming growth factor ÃŸ(TGF/9)-like and trans
forming growth factor a (TGFa)/epidermal growth factor (KGI->like
molecules into serum-free conditioned media as measured by competing
activity in TGF/3 and EGF radioreceptor assays. SW480 cells, the highest
producers of TGF/8-like activity, lack detectable TGF0 receptors while
SW620 cells, the highest producers of TGFa/EGF-like activity, lack
EGF receptors. This study investigated the production of these growth
factors at the itiHNA level and examined the mechanism of loss of
detectable receptors. Using complementary 1)V\ probes for TGF/8 and
TGFa, it was demonstrated that mRNA levels correlated with the
amounts of TGF/3 and TGFa produced; TGF/3 gene expression was
highest in SU 4811cells and TGFa gene expression was highest in SW620
cells. Acid washing of the SW480 cells prior to performing the TGF/3
binding assay resulted in the unmasking of substantial levels of TGF/8
receptors. Neither acid washing nor preincubation with suramin uncov
ered EGF receptors in SW620 cells. Also, and in contrast to the other
two lines, EGF receptor expression could not be detected in SU 620 cells
by Northern gel analysis of receptor messenger RNA or by immunological
analysis of receptor protein. Thus two distinct mechanisms (occupation
of TGF/3 receptor in SU 480 cells, or absence of EGF receptor in SW620
cells) explain the lack of detectable TGF/3 and EGF receptors in the
binding assays. The autocrine hypothesis remains viable for TGF/8 in
SU 480 cells but not for TGFa in SW620 cells; this would not discount
a paracrine role in this latter case.

INTRODUCTION

Two classes of TGF,5 TGFa and TGF/3, have been well-

characterized (1,2). Although originally defined as polypeptides
that induce anchorage-dependent cells to grow in suspension,
the purified TGFs have many additional biological effects.
TGFa, a single chain polypeptide of M, 5,616 that is reported
to be produced only by embryonic and neoplastic cells, shares
many properties with EGF including structural homology, a
common receptor, and a similar, although not identical, spec
trum of biological activities (3, 4). EGF and TGFa have been
noted to be stimulatory for the growth of a number of epithelial
cell systems (5, 6). TGF/3 is very different from TGFa both in
terms of molecular structure and biological effects. It is a
homodimer of ,U, 25,000 that is produced by normal and
neoplastic cells and has a specific receptor (7-10). In addition
to the stimulation of growth of fibroblastic cells in soft agar,
TGF/3 has a diverse set of biological actions including inhibition
of monolayer growth of a number of epithelial cell types,
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including human keratinocytes (11), hepatocytes ( 12), and bron
chial epithelial cells (13). Many carcinoma cell lines thus far
studied show loss of the inhibitory response to TGF/8, while
proliferation of other carcinoma lines is inhibited by the active
formofTGF|8(l, 11, 13).

TGFs were first identified in media conditioned by murine
sarcoma virus-transformed 3T3 cells and called sarcoma growth
factor (14); subsequently it was found that in addition to the
EGF competing activity (TGFa), the media contained TGF/3
as well (15). It was assumed that the lack of detectable EGF
receptors on these cells reflected occupation of these receptors
by endogenously produced TGFa (16). Strategies are now avail
able to test that hypothesis. Acid washing (17) and preincuba
tion with suramin (18) were initially described as methods to
dissociate PDGF from its receptor but have also been applied
to EGF and TGF/3 receptor binding (19, 20). In the case of
TGFa/EGF, cDNA probes are available to look at EGF recep
tor mRNA which has been shown recently to increase in some
cells following EGF stimulation (21-23). Finally, EGF receptor
protein can be detected by immunoprecipitation using a well-
characterized polyclonal antibody for the human EGF receptor
(24, 25).

In an earlier study (26), 3 human colon cancer lines (SW620,
SW480, and WIDR) were demonstrated to produce TGFa/
EGF- and TGF/3-like activity as determined by competing ac
tivity present in serum-free media conditioned by these cells in
EGF and TGF/3 radioreceptor assays. When these cells were
examined for ligand binding, SW480 cells, producers of the
largest quantities of TGF|S-like activity, lacked detectable TGF/3
receptors and SW620 cells, producers of the largest quantities
of TGFa-like activity, lacked detectable EGF receptors.

This study was undertaken to investigate whether the EGF-
and TGF/3-like competing activity detected in the media con
ditioned by these 3 colon lines was due to authentic TGFa and
TGF/3, to correlate TGFa and TGF/3 transcriptional activity
with findings at the protein level, and to determine the mecha
nism by which SW480 cells lack detectable TGF|8 receptors
and SW620 cells lack detectable EGF receptors.

MATERIALS AND METHODS

Cell Culture. Established human colon cancer lines (SW480, SW620,
and WIDR) were obtained from the American Type Culture Collection.
They were grown in McCoy's Medium 5A supplemented with 5% (v/v)

FBS (Reheis Chemical Co., Phoenix, AZ) and serum free in Medium
MCDB 402 (K. C. Biologicals, Lenexa, K.S) as described previously
(26, 27).

RNA Analysis by Hybridization. Total cellular polyadenylated RNA
was isolated from cell lines by a slight modification of the method of
Schwab et al. (28). RNA used for Northern blot hybridization (29) was
from a single cell harvest for each line throughout the various probings.

The TGFa clone (pSP65.TGFaC17N3; R. Derynck) is a human
cDNA clone encompassing the entire open reading frame as well as
0.79 kilobase of flanking untranslated sequence (30). 32P-labeled probe
was prepared by SP6 transcription of //indlll-linearized template in
the presence of 12 MMlabeled UTP (1.7 Ci/mmoi). The human EGF
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receptor clone (pGEMl.hEGFR4; F. Simmen) was prepared by inser
tion of a 0.889-kilobase EcoRl fragment derived from a COOH-termi-
nal cDNA clone (31) into pGEMl (Promega Biotec) such that the 3'

end of the cDNA was nearest the T7 promoter. The eukaryotic sequence
covers the COOH-terminal 198 codons plus 290 base pairs of 3'-

untranslated cDNA. The TGF/3 probe (R. Derynck) was a nick-trans
lated (32) 1.6-kilobase EcoRl insert of a mouse TGF/3 cDNA clone (33)
encompassing the entire open reading frame and 0.44 kilobase of
untranslated cDNA.

RNA transferred to nitrocellulose was hybridized to the various
probes at 65'C for 20 h (SP6 and T7 probes) or 43Â°Cfor 40 h (TGF/3

nick-translated probe). Hybridization conditions were 50% deionized
formamide, 0.75 M NaCl, 75 HIM sodium citrate, 50 mM sodium
phosphate (pH 6.5), 0.2% bovine serum albumin, 0.2% I-Â¡coll,0.1%

SDS, 0.2% polyvinylpyrrolidone, and 50 Mg/ml sonicated denatured
herring sperm DNA. Post hybridization washes [three 20-min washes
in 0.1 x standard saline citrate (0.15 Msodium chloride-0.015 Msodium
citrate, pH 7.4)-0.1% SDS-1 mM EDTA] were performed at the same
temperature as hybridization.

EGF and TGF/8 Binding Studies. The binding of '"I-labeled EGF to
SW620 cells and ' "I-labeled TGF/3 to SW480 cells was carried out as

described previously (26). For the acid washes, the cells were washed
immediately prior to the binding assay in dissociation buffer (150 HIM
NaCl-0.1% acetic acid-1 mg/ml bovine serum albumin) at 4'C for 3

min following 2 rinses with PBS (17). For the suramin experiments
(18-20), 2 x IO5 SW620 cells were plated in McCoy's Medium 5A

with 5% FBS, and then suramin was added at 0.1, 1, and 10 mM for
12 h. The cells were then washed and the EGF binding assay performed
as described previously (26). Only specific binding after subtraction of
nonspecific binding occurring in the presence of a 1000-fold excess of
unlabeled ligand is shown.

Immunoprecipitation of EGF Receptors from Cell Extracts. Cells from
the colon lines and A431 cells were plated into 60-m m dishes in
McCoy's Medium 5A with 5% FBS and maintained until 60-80%

confluent. The medium was then removed and the cells refed with
methionine-free Dulbecco's modified Eagle's medium with 10% FBS
and incubated with 50 Â¿iCi/ml[3SS]methionine (New England Nuclear,
Boston, MA) for 22 h at 37Â°C.Cell extracts were immunoprecipitated

with either normal rabbit serum or rabbit anti-EGF receptor serum as
described previously (34).

RESULTS

TGF Gene Expression. In the previous study (26), the EGF
receptor competing activity detected in the media conditioned
by the 3 colon cancer lines was presumed to be due to TGFa.
To confirm this, Northern blot analysis was performed using a
TGFo cDNA probe. The TGFa probe was hybridized to mRNA
that was isolated from the 3 colon cancer lines maintained in
serum-free media for 24 h. Fig. \A shows that the human TGFa
probe hybridized under high stringency conditions most in
tensely to a 4.5- to 4.8-kilobase signal in polyadenylated RNA
isolated from SW620 cells, the cell line which secreted the
largest amount of TGFo into serum-free conditioned media
(26). This signal is consistent with the TGFa transcript size
described by Derynck et al. (30). Furthermore, the signal was
more intense in polyadenylated RNA isolated from SW480
cells than from WIDR cells, which correlates with earlier find
ings utilizing radioreceptor assays (26). Likewise, in an effort
to determine if the TGF/3-like activity in the TGF/3 radiorecep
tor assay was due to authentic TGF/J, Fig. IB shows Northern
blot analysis with the mouse TGF/3 probe hybridized to poly
adenylated RNA isolated from the 3 colon lines. The relative
intensity of the 2.4-kilobase band is shown in comparison to
that of A431 cells, which have been shown to express the TGF/3
transcript (35). Among the colon cancer lines, the SW480 cell
RNA had the most abundant signal while WIDR was interme
diate and SW620 cells had the least abundant signal. Thus in

SW620
1 4

SW480 WIDR
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Fig. 1. Expression of TGFa and TGF/3 mRNA by human colon cancer lines.
A, cells grown to 60-80% confluence in McCoy's Medium 5A with 5% FBS,
washed twice in serum-free Medium MCDB 402, and then maintained for 24 h
in this medium. RNA was isolated, processed, and Northern blot analysis per
formed with the labeled TGFa probe as described in "Materials and Methods."

Lanes 1 and 2, SVV620 polyadenylated RNA, I and 4 HR:lanes 3 and 4. SW480
polyadenylated RNA, 1 and 4 Â«ig:lanes 5 and 6, WIDR polyadenylated RNA, 1
and 4 jig. In the lanes with 4 *ig,the intensity of the 4.8-kilobase signal for SW480
and WIDR RNA was 0.64 and 0.2S as determined by the integrated surface area
on laser densitometry with SW620 RNA signal judged to be 1. Hybridization
with a control il2 mÂ¡crogiolililiti probe (41) demonstrated proportional amounts
of RNA in the lanes containing I and 4 ng, respectively (data not shown). B,
labeled TGF/3 probe hybridized to polyadenylated RNA that was isolated and
processed as described in A. Two ng of polyadenylated RNA were loaded in each
lane. Lane 1, SW620 polyadenylated RNA; lane 2, SW480 polyadenylated RNA;
lane 3, WIDR polyadenylated RNA; lane 4, A431 polyadenylated RNA. The
intensity of 2.4-kilobase signal for SW620 and WIDR RNA was 0.4 and 0.68 as
determined by laser densitometry with SW480 RNA signal judged to be 1.
Hybridization with a control /32microglobulin probe 2 (41) demonstrated equiv
alent amounts of RNA in each lane (data not shown).

these 3 colon cancer lines mRNA levels for TGFo and TGF/3
correlate with protein production as determined by levels of
competing activity in the EGF and TGF/3 radioreceptor assay
(26).

Endogenous Occupation of SW480 TGF/3 Receptors. Efforts
were then directed towards elucidating the mechanism(s) for
the lack of detectable TGF/3 receptors in SW480 cells and
detectable TGFo/EGF receptors in SW620 cells from the re
spective binding assays. The cells were first washed in mild acid
prior to performing the binding assay in an attempt to dissociate
endogenously produced growth factors (17). In the case of
SW480 cells, specific ' "I-labeled TGF/3 binding was detected

only after acid washing suggesting that TGF/3 receptors were
uncovered (Table 1). Thus, the lack of detectable TGF/3 recep
tors for the SW480 cells in the binding assay can be explained,
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Table 1 Effect of mild acid washing prior to binding studies to uncover
TGF receptors

SW480 and SW620 cells were plated at a density of 2 X 10* cells in 6-well
culture plates (9.1 cm!/well) (30). One set of each was washed in 1 ml of 150 HIM
NaCI-0.1 % acetic acid-1 mg/ml bovine serum albumin, pH 2.5 at 4Â°Cfor 3 min

prior to measuring binding sites for I(,K> and EGF (26). For TGF/3 binding
studies, 1469 cpm/106 cells obtained with SW480 cells compares to 2258 and
1095 cpm/IO4 cells for AKR-2B (clone 84A) and WIDR cells, respectively, as

previously reported (26).
Binding of "M-labeled TGF/3

to SU 4X0 cells
(cpm/10* cells)

Binding of '"I-labeled EGF to

SW620 cells
(cpm/106 cells)

No acid wash Acid wash No acid wash Acid wash

1469 0

SW620 SW480 WIDR A43I

28s

18s-

Fig. 2. Expression of EGF receptor mRNA by human colon cancer lines and
A431 cells. The labeled EGF receptor probe was hybridized to polyadenylated
RNA that was acquired and processed as described in Fig. 1. SW620, SW480,
and WIDR lanes had 4 ng of polyadenylated RNA loaded/tone while the A431
lane had 2 un of polyadenylated RNA. Hybridization with a control (32 micro-
globulin probe (41) demonstrated equivalent amounts of RNA in the lanes
containing 4 *ig(data not shown).

the probe (31) utilized in these studies does not contain se
quences corresponding to the amino terminal half of the EGF
receptor. Rather this probe would only detect sequences from
the carboxy terminal portion of the EGF receptor. Even if this
2-kilobase signal is a receptor-related transcript, at least a 3.6-
kilobase transcript is needed to encode a functional EGF recep
tor (36). Thus, the SW620 cells apparently do not contain a
messenger RNA encoding a functional EGF receptor.

To examine these cells for EGF receptor protein, immuno-
precipitation of [35S]methionine-labeled cell extracts with a

previously characterized polyclonal EGF receptor antibody was
carried out (24,25). A specific M, 180,000 band, corresponding
to the known size of the EGF receptor, was detected in SW480,
WIDR, and A431 cell extracts but not in the SW620 cell
extracts despite there being nearly 4-fold greater SW620 cells
and at least 3-fold more antibody added to this extract in the
assay (Fig. 3). Also, exposure of the autoradiogram for an
additional month failed to reveal a M, \ 80,000 immunoprecip-
itant in the SW620 cell extract (data not shown). Thus, in
contrast to SW480 cells where the TGFÃŸreceptors are occupied
by endogenous TGF/3, SW620 cells appear to lack EGF recep
tors as judged by unsuccessful efforts to uncover endogenously
occupied receptor, detect EGF receptor mRNA, or inumino
precipitate the receptor from cell extracts.

DISCUSSION

A current hypothesis regarding the loss of growth control in
tumors, the autocrine hypothesis, centers around a theme of
aberrant production by tumor cells of a growth promoting factor
to which these tumor cells themselves respond (37). This pro-
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at least in part, by occupation of those receptors by endogenous
TGF/8.

Absence of SW620 EGF Receptor Production. However, nei
ther a mild acid wash (Table 1) nor preincubation with suramin
(data not shown) prior to performing the binding assay uncov
ered TGFa/EGF receptors in SW620 cells. This finding sug
gested that perhaps SW620 cells were not synthesizing a func
tional EGF receptor. Experiments were performed to examine
SW620 cells for EGF receptor gene expression and protein
production.

Expression of the EGF receptor gene in polyadenylated RNA
extracted from SW620 cells was examined in comparison to
the other 2 colon lines and A431 cells. As seen in the Northern
blot analysis in Fig. 2, A431 cells have a 10- and 6-kilobase
signal as well as a smaller 2-kilobase signal. Both the SW480
and WIDR cells have a detectable 10-kilobase signal; SW480
cells have a detectable 6-kilobase signal as well. RNA extracted
from SW620 cells have neither a 10- nor 6-kilobase signal, even
after prolonged exposure (data not shown). The nature of the
2-kilobase signal is uncertain, but it would not seem to be the
same as the 2.8-kilobase EGF receptor mRNA detected in A431
cells (36). The 2.8-kilobase mRNA in A431 cells encodes the
amino terminal half of the EGF receptor sequence; however,
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Fig. 3. Immunoprecipitation of EGF receptor from cell extracts of human
colon cancer lines and A431 cells. Subconfluent cells were labeled with [35S]-
methionine (50 nCi/ml) for 22 h at 37'C in Dulbecco's modified Eagle's medium

with 10% FBS. Cell extracts were immunoprecipitated with EGF receptor anti
body as described elsewhere (34). The first 4 lanes represent cell extracts from
SW620, SW480, WIDR, and A431 cells, respectively, precipitated with normal
serum while the next 4 lanes represent cell extracts from these lines precipitated
with the EGF receptor antiserum. The far right lane shows size markers. Cell
counts with amounts of antiserum added are the following: SW620, 15.2 x 10*
cells with 10 Â»ilantiserum; SW480, 4 x 10' cells with 1.5 ^1 antiserum; WIDR,
3.5 x 10' cells with 3 ni antiserum; A431, 0.1 x 10*cells with 5 fi\ antiserum. K,

thousands.
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auction and responsiveness may confer a growth advantage to
the tumor cells over other cells. In some studies, the demon
stration that tumor cells produce a growth factor and lack
receptors for the same factor has been interpreted to indicate
that the receptor for the growth factor was occupied and/or
down-regulated by the ligand.

In the current study, we have demonstrated that 3 colon
cancer lines have mRNA coding for TGFa and TGF/3. These
results, combined with our previous data (26) demonstrating
the elaboration of TGF/3 and TGFa/EGF receptor competing
activity in serum-free medium by these cells, clearly demon
strate that these cells synthesize and excrete TGFa and TGF/3.
We have previously shown that WIDR and SW620 cells have
cell surface receptors for TGF/3 (26). In this report, we dem
onstrate that mild acid washing of SW480 cells (the cell line
producing the most TGF/3 receptor competing material) reveals
the presence of TGF/3 receptors on these cells. Thus, the pro
duction of TGF/3 by all 3 of these colon lines could result in an
autocrine effect on these cells.

TGF/3 is secreted in an inactive form by cultured cells, normal
and neoplastic (1). It has been shown to be activated by non-
physiological extremes of pH (38, 39) and plasmin, a cell-
associated serine protease.6 Likewise in our earlier study (26),

medium conditioned by these colon cancer lines required acid
treatment before TGF/3 competing activity was detected. The
significance of the latent form of TGF/3 is uncertain; it is
possible that protease activity at the surface of target cells may
provide a physiological mechanism of TGF/3 activation (40).

In contrast to the results obtained with the TGF/3 receptor
on SW480 cells, neither acid washing nor pretreatment with
suramin for 12 h uncovered binding sites for TGFa/EGF on
SW620 cells. The lack of TGFa/EGF receptors on these cells
was confirmed by 2 separate methods of analysis: (a) these cells
lack detectable full-length mRNA coding for the receptor,
whereas SW480 and WIDR cells have mRNA (of appropriate
size to code for the receptor) that hybridizes to the 3'-specific
probe utilized for these studies; (b) [35S]methionine labeling
followed by immunoprecipitation with a specific anti-EGF re
ceptor antibody and SDS-polyacrylamide gel electrophoresis
revealed the receptor protein in SW480, WIDR, and A431
cells, but not in SW620 cells. Thus, it is concluded that SW620
cells do not synthesize detectable TGFa/EGF receptor message
capable of coding for a protein that has the ability to bind
ligand. This finding may be of significance in the progression
of colon carcinoma disease because SW620 cells were derived
from a metastatic site of the same tumor as were SW480 cells
(derived from the primary site). Thus, while autocrine stimula
tion by TGFa is still a viable working hypothesis which may
explain altered growth in SW480 cells, it would appear that
SW620 cells have progressed beyond a point in which TGFa is
required for growth. The activation of genes which lie further
down the pathway of cell cycle progression in these cells may
circumvent the need for receptor-ligand interactions and abro

gate the requirement for EGF receptor synthesis.
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