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ABSTRACT The type II transforming growth factor
(TGF)-b receptor gene (TGFBR2) is often mutated in nucle-
otide repeat sequences in colorectal cancers that are replica-
tion error positive (RER1). These mutations are thought to
be selected for escape from growth inhibition by TGF-b rather
than representing bystander events because of an increased
mutation rate. We investigated the role of TGFBR2 mutations
in 12 colorectal cancer cell lines. Six of these were RER1, and
these were shown to have homozygous TGFBR2 mutations. All
cell lines then were tested for changes in proliferation in
response to TGF-b stimulation. Despite homozygous mutation
of the type II TGF-b receptor, two RER1 cell lines, Lovo and
SW48, showed statistically significant growth inhibition when
stimulated by TGF-b1 in serum-free conditions. This shows
that the type II TGF-b receptor can be bypassed in certain
cases to maintain growth inhibition. We next investigated
whether there was any alternative mode through which TG-
FBR2 mutation may give a selective advantage, such as a
change in adhesion molecule expression. All cell lines were
stimulated with TGF-b1 and adhesion molecules detected
by ELISA. No consistent changes were identified between
the RER1 and the RER2 cell lines, although changes in
E-cadherin, b-catenin, and g-catenin were identified in indi-
vidual cell lines. We conclude that (i) type II TGF-b receptor
activity can be bypassed and thus TGFBR2 mutations in
RER1 cancers may, at least sometimes, be just ‘‘bystander’’
events and (ii) TGF-b can affect adhesion molecule expression
so that TGFBR2 mutation may give rise to a selective advan-
tage through an effect other escape from growth inhibition.

Human colorectal carcinomas (CRCs) arise from normal
epithelium through a process of somatic evolution involving an
accumulation of mutations that confer a selective advantage to
the cells in which they occur(1–3). It is possible, however, that
occasionally, mutations that give neither a selective advantage
nor disadvantage are incorporated in a cancer by chance. Such
‘‘bystander’’ mutations would normally be expected to be rare,
as the mutation rate in most cancers, at least initially, is low (4).
A subgroup of CRCs, however, lose DNA mismatch-repair
function during tumor development, one consequence of
which is an increase in the mutation rate (5, 6). Loss of
mismatch repair renders a cell prone to insertion/deletion-type
mutations occurring especially at sites of nucleotide repeat
sequences during replication (7). These replication errors
(RERs) frequently result in the generation of multiple mutant
alleles at certain nucleotide repeat sequences known as mic-
rosatellites. Tumors with multiple new alleles at microsatellite
loci are said to show microsatellite instability and to be
replication error-positive (RER1) (8).

Microsatellites are nearly always intronic, noncoding se-
quences with no known function, and mutations of these can
probably be regarded as neutral (i.e., without selective advan-
tage or disadvantage). In this case, the mutant microsatellite
alleles, which accumulate by chance as a result of an increased
mutation rate in RER1 cancers, can be regarded as true
bystander mutations.

Short runs of mono- or dinucleotide repeat sequences can
also be found in the coding regions of certain tumor suppressor
genes (e.g., Bax, E2F4, insulin-like growth factor (IGF) 2
receptor, and type II TGF-b receptor). Insertion/deletion
mutations have been found in the repeat sequences of these
genes and have been shown to occur significantly more fre-
quently in RER1 CRCs than in RER2 CRCs (9–12). Because
these are frameshift mutations resulting in an altered gene
product, they have always been assumed to give a selective
advantage. It is equally possible, however, that, as in the case
of microsatellite instability, these represent nothing more than
bystander mutations.

The TGF-b superfamily of growth and differentiation fac-
tors influences a wide range of cellular processes, including
epithelial cell proliferation, differentiation, extracellular ma-
trix production, and migration (13). These factors are also
involved in embryonic morphogenesis, tissue differentiation,
and wound healing. The physiology of TGF-b activity is
extremely complicated and is influenced by a multitude of
factors, including levels of TGF-b and presence of other
growth factors. At least nine different cellular TGF-b binding
proteins and five different TGF-b receptors have been iden-
tified that show different patterns of expression in different
tissues (13). The interactions of these receptors with TGF-b
with other members of the TGF-b superfamily and with each
other is not completely clear. It appears that during TGF-b
activation, the ligand binds initially to the type II receptor,
which then heterodimerizes with, and phosphorylates, the type
I receptor, which by itself is not thought to bind the ligand
directly (14).

The type II receptor gene (TGFBR2) contains an A (10)
tract in exon 3 and GT (3) tracts in exons 5 and 7 (15, 16). These
repeat sequences are prone to replication errors and TGFBR2
mutations occur in a very high proportion of RER1 CRCs.
These mutations might be expected to give a selective advan-
tage by providing a means of escaping TGF-b-mediated
growth control. However, given the complex pattern of TGF-b
signaling, it is quite possible that there is some built-in
redundancy. The TGFBR2 mutations may therefore represent
bystander events consequent to the RER1 phenotype.
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In this study we investigated whether mutations in TGFBR2
do actually give rise to resistance to TGF-b1. We demonstrated
that, in certain cases, the type II receptor can be bypassed to
allow some growth inhibition by TGF-b. We also showed that
TGF-b can stimulate changes in adhesion molecule expression,
raising the possibility that, if TGFBR2 mutations do give a
selective advantage, it may be through an effect other than
growth inhibition.

MATERIALS AND METHODS

Cell Culture. Twelve cell lines were studied in total (Table
1), and references for these are available from the authors. The
cells were grown routinely in DMEM (Imperial Cancer Re-
search Fund) with 10% fetal calf serum at an atmospheric CO2
content of 10%. Stocks of cells were maintained in 10-cm Petri
dishes and passaged when the cells had reached near-
confluence.

Cell Line Genotyping. DNA was extracted from approxi-
mately 107 cells by using the Nucleon Bacc2 kit (Scotlab,
Lankashire, U.K.), and all cell lines were genotyped as follows.

Microsatellite instability and loss of heterozygosity. Nine mi-
crosatellite loci (D3S3613, D3S3510, D3S2338, D3S3473,
D5S82, D5S346, D18S84, D16S520, and BAT-26) were exam-
ined. Details of these are given in Table 2. Primers were
dye-labeled, taking into account the size of the microsatellite
markers to allow several PCR products to be analyzed simul-
taneously. About 2 ml of pooled PCR product was mixed with
0.5 ml of Rox350 size standard (Applied Biosystems) and 1 ml
of formamide loading buffer, heat-denatured, and electropho-
resed on a 6% acrylamide sequencing gel on an ABI Prism 377
semiautomated sequencer for 2–4 hours. Data were analyzed
by using GENESCAN 2.0.2 software (Perkin–Elmer). Loci show-
ing multiple alleles differing by 2 base pairs were labeled as
having microsatellite instability, and the RER1 phenotype
was defined as microsatellite instability at two or more of these
loci.

Cell lines were typed for allelic loss of the TGFBR2 gene by
using the markers D3S3613, D3S3510, D3S2338, and D3S3473,
which are tightly linked to the TGFBR2 locus (mapping to
3p22). In the absence of control normal DNA for these cell
lines, we argued that homozygosity at all four markers was
probably an indication of allelic loss (the odds of this happen-
ing by chance would be about 1 in 1,000).

Sequence analysis of exons 3,5, and 7 of TGFBR2. All of the
cell lines were also examined for mutations in the TGFBR2
gene. This gene contains nucleotide repeat sequences that are
prone to mutation in RER1 cancers. By using previously
described primers (Table 2; refs.15 and 16), we examined these
exons by direct sequencing of PCR products. PCR was per-

formed for each exon by using the appropriate reaction
conditions, and products were separated from oligonucleotides
and unincorporated dNTPs by using a Sephadex G50 spin
column (Amersham Pharmacia). Five microliters of purified
PCR product was used in a thermocycle sequencing reaction
with the Ready Reaction Dye Terminator Cycle Sequencing
kit (Applied Biosystems). PAGE was performed by using
standard conditions on a 377 Prism fluorescence-based, semi-
automated DNA sequencer (Applied Biosystems). Sequence
analysis was performed by using SEQUENCHER software (Gene
Codes, Ann Arbor, MI).

TGF-b1 Stimulation. Once the cell lines had been geno-
typed, they were tested for response to TGF-b1 (Promega)
stimulation at a concentration of 2.5 ngyml. This number was
deemed to produce the optimal response in a series of exper-
iments in which the cell line HCA 46, which is known to
respond to TGF-b, was tested for changes in carcinoembryonic
antigen expression on stimulation with different concentra-
tions of TGF-b1 (data not shown).

All experiments were carried out in quadruplicate in 96-well
plates, and TGF-b stimulation was tested in growth media
containing 10% fetal calf serum (FCS), 2% FCS, and serum-
free medium. Cells from stock plates were trypsinized and
washed, and eight wells were plated for each cell line, with
approximately 105 cells per well in 100 ml of the appropriate
growth medium. The cells were allowed to settle for 24 hours,
and TGF-b1 was added to four wells of each cell line at a final
concentration of 2.5 ngyml (5 100 pmol). Cells were allowed
to incubate with TGF-b1 for 24 hours and were then analyzed
with the MTS assay (see below) for cell proliferation and with
ELISA for adhesion molecule expression. In those cases in
which the experiments were performed in medium containing
2% FCS or serum-free medium, the cells in the stock plates
were cultured in medium containing 2% FCS for 24 hours
prior to trypsinization.

MTS Assay for Cell Proliferation. After incubation with
TGF-b1, cell proliferation was measured by using the CellTiter
96 AQueous nonradioactive cell proliferation assay (Promega)
in accordance with the manufacturer’s instructions. This assay
is referred to here as the MTS assay and comprises a metabolic
colorimetric test that has been shown to correlate precisely
with cell number. Absorption at l 5 490 nm was measured on
a Titertek Multiscan PLUS (Labsystems, Chicago) plate scan-
ner and the pooled readings of the four wells of stimulated cells
were compared with the four wells of unstimulated cells by
using the two-tailed t test.

To define growth curves for the cell lines SW48 and Lovo,
MTS assays were performed at 12, 24, and 36 hours. These cell
lines also underwent antibody inhibition experiments in which
the TGF-b1 was mixed with an equal volume of a solution of
anti-TGF-b1 antibody (Promega) before adding to the cells.

Table 1. Genotype of cell lines

Cell line
RER
status

LOH
at

3p22

TGFBR2 mutation

Exon
3

Exon
5

Exon
7

LS174T 1 No 21y21 no no
HCA7 1 No 21y21 no no
LOVO 1 No 21y22 no no
SW48 1 No 21y21 no no
DLD1 1 No 21ywt CTG . CCG (codon 452) no
HCT116 1 No 21y21 no no
COLO201 2 No no no no
COLO205 2 No no no no
COLO320 2 No no no no
HCA46 2 No no no no
HT29 2 No no no no
CACO2 2 No no no no

LOH, loss of heterozygosity; wt, wild type.

Table 2. Details of primers used

Marker
GenBank
database

Distance to TGFBR2,
centimorgans

D3S3613 609720 0.09
D3S3510 598896 0.09
D3S2338 343612 0.52
D3S3473 594438 0.09
D5S82 180445 NyA
D5S346 181171 NyA
D18S84 190574 NyA
D16S520 200145 NyA
BAT-26 9834505 NyA
TGFBR2 exon 3 Ref. 16 NyA
TGFBR2 exon 5 Ref. 16 NyA
TGFBR2 exon 7 Ref. 16 NyA
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The antibody solution had been diluted to give a 2:1 molar ratio
of antibodyyTGF-b.

Cloning of PCR Products and Sequence Analysis of Exon 3
TGFBR2. Because the RER1 cell lines SW48 and Lovo had
responded to TGF-b stimulation, it was necessary to exclude
the possibility of contamination with wild-type TGFBR2. PCR
products for exon 3 of TGFBR2 from these cell lines were
cloned into the commercially available pMOSBlue vector
(Amersham Pharmacia). Pooled products from three PCR
reactions from each case were run on a 1% Tris acetate–
EDTA (TAE) gel, a slice containing the band was cut out
under UV light, and PCR products were retrieved from the gel
slices by using the Nucleon GX kit (Scotlab). Purified products
were treated with pk enzyme (supplied with the pMOSBlue
kit) and ligated overnight into dephosphorylated pMOSBlue
vector. Ligated product was transfected into pMOSBlue-
competent cells by the ‘‘heat shock’’ method and plated onto
agar plates containing 50 mgyml ampicillin and 15 mgyml
tetracycline. Thirty minutes before plating the cells, 50 ml of a
solution containing 25 mgyml 5-bromo-4-chloro-3-indolyl
b-galactoside (X-Gal), and 50 mM isopropyl B-D-thiogalacto-
pyranoside (IPTG) was applied to the plates. Plated cells were
incubated overnight at 37°C, and white colonies were picked
and cultured overnight in 5 ml of growth medium containing
50 mgyml ampicillin. The picked colonies also underwent
direct PCR for exon 3 to check for the presence of the insert
and, of the ‘‘PCR-positive’’ clones, 20 were selected from each
cell line and purified by using the Qiagen (Chatsworth, CA)
Miniprep kit. Automated sequencing was then performed as
described above by using exon 3 primers and 1 ml of a 1:10
dilution of the miniprep as template.

Single-Strand Conformation Polymorphism (SSCP). PCR
products for exon 3 of TGFBR2 from SW48 and Lovo cells
were also subjected to SSCP analysis to exclude contamination
with wild-type TGFBR2. The banding patterns for SW48 and
Lovo, which are homozygous for exon 3 mutations, were
compared with DLD1 (which is heterozygous for mutations)
and a single human random control (wild-type only). For SSCP
analysis, 3 ml of PCR product was mixed with 4 ml of loading
buffer (95% formamide, 20 mM EDTA, 0.05% bromophenol
blue, 0.05% xylene cyanol), denatured, and immediately
placed on ice. The mixture was run overnight at 20 mA on a
6% polyacrylamide gel containing 10% glycerol. The gel was
fixed in a solution containing 10% ethanol and 0.5% acetic acid
and stained by soaking for 15 minutes in a 0.1% solution of
silver nitrate. After two quick washes in distilled water, the gel
was incubated in a solution of 1.5% sodium hydroxide and
0.1% formaldehyde to visualize the bands. The gel was dried
and analyzed for comparative banding patterns.

ELISA. Expression of a number of adhesion molecules was
measured by using an ELISA assay. Details of the antibodies
used are given in Table 3. After incubation with TGF-b1,
medium was removed and the cells were washed once in PBS
and fixed with 0.02% glutaraldehyde in PBS (20 minutes at
room temperature). Cells were incubated overnight in 0.1%
gelatin (Sigma) in PBS to prevent nonspecific attachment of
antibody and, after two quick washes with 0.2% casein in PBS,
were incubated for 1 hour with 50 ml of primary antibody at the
appropriate dilution (Table 3). Next, the cells were washed for

a total of 30 minutes in a solution containing 0.2% caseiny0.2%
Tween 20 in PBS with at least 10 changes of washing solution.
The secondary antibody was a horseradish peroxidase-
conjugated rabbit anti-mouse (Dako), and 50 ml of a 1:1,000
dilution of this was added to each well. After a 1-hour
incubation, the cells were washed as in the last washing step,
and 100 ml of o-phenylenediamine dihydrochloride (OPD)y
H2O2 (SigmaFast; Sigma) was added as the chromogen. Ab-
sorption readings at l 5 492 were taken every 5 min, and after
15–20 minutes, 50 ml of 3 M HCl was added, and a final reading
was taken. The pooled readings of the four wells of stimulated
cells were compared with the four wells of unstimulated cells
by using an unpaired two-tailed t test. To ensure that any
changes identified were not false changes that had become
apparent as a result of changes in cell proliferation, all cell lines
were tested for changes in proliferation by the MTS assay in
parallel with the ELISA assay. Care was taken to ensure that
the same batch of FCS was used to supplement the growth
medium in all parallel proliferationyadhesion experiments.

RESULTS

Genotyping of Cell Lines. Details of the genotypic analysis
of the cell lines are shown in Table 1. All six cell lines that had
previously been designated as RER1 were confirmed as
showing microsatellite instability, and all were shown to con-
tain homozygous TGFBR2 mutations (Fig. 1a). A single mis-
sense mutation was found in exon 5 in the cell line DLD1, while
all of the remaining mutations were either single- or double-
base pair deletions in the poly(A) tract of exon 3 (Fig. 1a). No
mutations in these regions were found in the RER2 cell lines.
None of the cell lines showed allelic loss at the TGFBR2 locus.

Proliferative Responses to TGF-b1 Stimulation. Initially,
the proliferative response of the cell lines to TGF-b1 stimu-
lation proved to be highly variable and inconsistent. There was
variation of response with variations of both the batch and the
concentration of FCS used. These variations were obviously
caused by the presence of growth factors in the FCS interacting
either directly with the cells or modulating the activity of the
added TGF-b1. We concluded that the effects of the added
TGF-b1 could only be isolated if the experiments were per-
formed in serum-free medium. Under these conditions, four of
the cell lines showed statistically significant growth inhibition
of up to 13% in response to stimulation with TGF-b1 for 24
hours (Fig. 1b). Two of these cell lines were RER1 (SW48 and
Lovo) and two were RER2 (HCA46 and Colo 205).

Because the two RER1 cell lines had homozygous mutation
of the TGFBR2 gene and ought to have been nonresponsive,
they were investigated further. The results were confirmed on
at least three separate occasions by using a different batch of
TGF-b1 each time and with fresh batches of cell lines retrieved
from frozen stores. Growth curves for the cell lines were then
plotted over a 36-hour period, measuring cell proliferation at
four time points (0, 12, 24, and 36 hours) (Fig. 1c). Because the
cells were maintained in serum-free conditions, the growth
curve experiments were not pursued beyond 36 hours. Inter-
estingly, a significant growth-inhibitory response to TGF-b1 in
Lovo was first observed after 12 hours, whereas the response
in SW48 became evident after 24 hours. This may be because

Table 3. Details of antibodies used

Antibody Target Dilution Source

HECD-1 E-cadherin neat supernatant ICRF
a-catenin a-catenin 1:500 Affinity (Nottingham, U.K.)
b-catenin b-catenin 1:1000 Affinity
g-catenin g-catenin 1:1000 Affinity
Ali-28 APC (N-terminal) 1:50 ICRF, ref. 20
PR1A3 CEA 1:1000 ICRF, ref. 21

APC, antigen-presenting cell; CEA, carcinoembryonic antigen; ICRF, Imperial Cancer Research Fund.
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of the fact that Lovo is a faster grower and a more robust cell
line. To ascertain the specificity of the response, anti-TGF-b1
antibody was added to the ligand, which negated its growth-
inhibitory effects (Fig. 1c). This confirmed that the response
was caused by TGF-b1 rather than any contaminant in the
preparation.

Cloning and SSCP Analysis of Exon 3 of TGFBR2. To
further exclude the possibility of the presence of wild-type
receptor, PCR products for exon 3 of TGFBR2 from SW48 and
Lovo were cloned, and 20 clones from each cell line were
sequenced. This should reveal contamination at a 5% level, but
there was no evidence of the wild-type sequence. In addition,
exon 3 of TGFBR2 for SW48 and Lovo was analyzed by SSCP
and compared with DLD1 and normal DNA from a human
random control. The length of the poly(A) tract influenced the
migration of the bands, and although all of the samples had
unique banding patterns, there was no evidence of a band
representing an allele with an A10 tract in SW48 and Lovo
(Fig. 1d). This method has been predicted to have a sensitivity
level as low as 5% (17), showing, as did the cloning, that if there
is contamination, it is below this level.

Changes in Adhesion Molecule Expression in Response to
TGF-b1 Stimulation. As with the proliferative responses, the
changes in adhesion molecule expression varied with variation
in batch and concentration of FCS. It was found that, in those
experiments performed in serum-free medium or medium
with 2% FCS, there was loss of large numbers of cells because
of the frequent washing steps. For this reason only, the results
obtained in medium with 10% FCS were further analyzed,
although this is a higher concentration of FCS than would be
preferred. All of the experiments that produced a significant
change in adhesion molecule expression were repeated, and
some consistent changes were observed even with different
batches of FCS. The cell line HCA 46 was the most responsive
of all of the cell lines, and this showed a significant increase in
E-cadherin (P 5 0.0039), b-catenin (P 5 0.0005), and g-cate-
nin (P 5 0.0006) [(with a decrease in cell proliferation (P 5

FIG. 1. (a) Reverse sequence analysis for exon 3 of TGFBR2 in the
cell lines Lovo (Upper) and Caco2 (Lower). Lovo shows both a single-
and double-base pair deletion in the A10 tract (arrow). Caco2 shows
the corresponding wild-type sequence. (b) Histogram showing the
changes in absorbance reading in response to TGF-b stimulation in the
four cell lines (Lovo, SW48, Colo205, and Hca46) that were responsive
(Left) and four cell lines (Colo320, HCA7, DLD1, andCaco2) which
were unresponsive (Right). Each experiment was performed in qua-
druplicate, and means thus derived were used for comparison. Two of
the responsive cell lines (Lovo and SW48) were RER1 with TGFBR2
mutations and two (Colo205 and HCA46) were RER2, without
evidence of TGFBR2 mutations. All four responsive cell lines showed
a significant reduction in cell mass when cultured in the presence of
TGF-b (two-tailed t test): Lovo, P 5 0.0007; SW48, P 5 0.02; Colo205,
P 5 0.002; HCA46, P 5 0.01. Error bars indicate standard deviation.
(c) Growth curve for Lovo over a 36-hour period, plotted at 0, 12, 24,
and 36-hour time points. Cells were grown in the absence of TGFb1
(a); in the presence of TGF-b1 and anti-TGFb1 antibody (b); or in the
presence of TGF-b1 only (c). Growth inhibition in response to TGF-b1
was seen in Lovo after 12 hours (P 5 0.009). The addition of
anti-TGF-b1 antibody to the culture negated the growth-inhibitory
effects of TGF-b1, thus demonstrating the specificity of the response.
Error bars indicate standard deviation. (d) SSCP analysis of exon 3 in
TGFBR2 for a human random control (HRC), SW48, Lovo, and
DLD-1. This exon has a poly(A) tract consisting of A10 (wild-type) in
HRC, A9 in SW48, A8 and A9 in Lovo, and A9 and A10 in DLD1.
Each allele showed specific band mobility, and double bands were seen
in those cell lines containing two different alleles. All four samples had
unique banding patterns, and there was no trace of an A10 (wild-type)
allele in SW48 and Lovo (the two responsive RER1 cell lines). (e)
Scatterplot of proportional changes in E-cadherin and g-catenin in
response to TGF-b1 stimulation in growth medium supplemented with
10% FCS. The correlation coefficient was 0.68.
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0.023)]. The increase in E-cadherin expression was also ob-
served in SW48 (P 5 0.006).

It was noticed that, on the whole, the E-cadherin and
g-catenin changed together and that, although the direction of
the change varied between cell lines, both of these molecules
usually changed in the same direction. When the proportional
change of all of the cell lines was analyzed (including repeats),
a distinct correlation between E-cadherin and g-catenin (cor-
relation coefficient 5 0.68) became apparent (Fig. 1e ).

DISCUSSION

Among the manifold activities of TGF-b is the ability to inhibit
cell growth and induce differentiation. The high frequency of
TGFBR2 mutations in RER1 CRCs has been assumed to
represent mutation selection for escape from TGF-b-mediated
growth inhibition. If this were the case, then it would be
counterintuitive to expect cells with TGFBR2 mutations to
show growth inhibition in response to TGF-b stimulation. Our
results, however, show that, in fact, TGF-b response does not
correlate absolutely with TGFBR2 mutation. This implies that,
at least in certain cases, the type II receptor can be bypassed.
These results were obtained in cells grown in serum-free
medium, and therefore the effects are most likely to be caused
by the activity of TGF-b1 alone. This supports the idea that
TGF-b1 can bypass TGFBR2, presumably by acting through
other receptors such as the type V receptor. This receptor has
been shown to allow TGF-b1-mediated growth inhibition in
Mink lung cell lines that have homozygous mutations of the
type II receptor (18, 19). Alternatively, TGF-b1 may also be
able to stimulate receptors of other members of the TGF-b
superfamily (such as activin, BMP4, and inhibin).

Although the MTS assay is generally a reliable indicator of
cell numbers, it is a metabolic assay, and so it is possible that
the changes observed were not caused by actual growth
inhibition but by some metabolic change. Whether or not this
is the case, the data still support type II receptor bypass by
TGF-b1.

Our data clearly raise questions about the role of TGFBR2
mutations during the development of CRCs. There are several
possible explanations for our findings. It may be that TGFBR2
mutations give no selective advantage and may arise as by-
stander mutations in RER1 tumors because the A10 tract is
hypermutable. It is possible that our experimental conditions
do not reflect the situation in vivo and that, in the presence of
normal human serum, growth inhibition usually does occur. In
our experiments, we saw a growth inhibition of up to 13% in
24 hours, which is of uncertain biological significance. This is
likely to be an underestimate, given the fact that serum-free
conditions will slow growth and induce apoptosis. It is, how-
ever, possible that most growth inhibition is mediated through
the type II receptor and that a small amount of growth
inhibition through alternative receptor activation is a price that
the tumor can afford to pay if the majority of growth inhibition
is removed by TGFBR2 mutation.

Another explanation of our results is that TGFBR2 muta-
tions may be selected for effects other than growth inhibition,
such as expression of adhesion molecules. With this question
in mind, we investigated changes in the expression of six
adhesion molecules in response to TGF-b1 stimulation. The
methodology used limited reliable interpretation to those data
accrued from experiments carried out in growth medium
containing 10% FCS. An overall difference between the
RER1 and RER2 cell lines did not emerge. The changes were
variable between cell lines and between different batches of

FCS. This observation is most likely attributable to differences
in the pattern of somatic mutations between the cell lines.
There were, however, some consistent reproducible changes;
in particular, HCA 46 showed an increase in carcinoembryonic
antigen, E-cadherin, b-catenin, and g-catenin expression,
whereas SW48 showed an increase in E-cadherin expression.
Given the wide range of activities within the repertoire of
TGF-b function, these changes are not unexpected. An inter-
esting observation was the correlation between E-cadherin and
g-catenin changes. Both molecules can be found in Adherens
junctions, and g-catenin can be found in desmosomal junc-
tions.

In conclusion, in comparing six RER1 cell lines with proven
homozygous TGFBR2 mutations with six RER2 cell lines, we
showed, in serum-free conditions, that the growth of some of
the RER1 cell lines could be inhibited and undergo growth
inhibition by TGF-b1 and that TGF-b1 could also induce
changes in the expression of certain adhesion molecules. It is
thus possible that TGFBR2 mutations are neutral bystander
events or that these mutations give a selective advantage
through alteration in the pattern of adhesion molecule expres-
sion rather than direct growth inhibition.

We thank Reg Boone for technical assistance and A. Rowan for
assistance with the ELISA studies.
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