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Abstract

We have recently demonstrated that mutation of the transforming
growth factor-B (TGF-B) receptor type II (RII) gene is characteristic of
colon cancers exhibiting microsatellite instability or replication errors
(RER+). Moreover, we have shown that RII mutations in these RER+
colon cancers are characteristically frameshift mutations within a 10-bp
polyadenine repeat present in the RII-coding region. We now show that
RII gene mutations in this polyadenine repeat are also commonly present
in RER+ gastric cancers (71%). In contrast, we find these same RII gene
mutations are distinctly uncommon in RER+ endometrial cancers (17%,
P < 0.02). These results suggest that RII gene mutations confer a growth
advantage and are selected for in RER+ cancers of both the upper and
lower gastrointestinal tract. The genesis of RER+ endometrial tumors
must, however, be by a different route.

Introduction

TGF-B* inhibits the growth of many epithelial cell types (1-4) and,
for example, abolishes growth of and induces apoptosis in nontrans-
formed colon epithelial cells (5). In contrast, colon and many other
cancer cell lines are resistant to suppression of growth by TGF-8
(1-4, 6, 7). We have recently shown that 8 of 11 cases of RER+ (8)
colon cancer were resistant to TGF-B due to mutations inactivating
the RII component of the TGF-f receptor (9). We have now addi-
tionally confirmed the presence of RII mutation in 100 of 111 sub-
sequent cases of RER+ colon cancers (10). Consistent with our
original report, in each of these cases, a frameshift mutation was
detected within a small adenine mononucleotide repeat at nucleotides
709-718 of the RII cDNA (9, 10). Insertions or deletions of adenines
within this repeat produce -1, -2, or +1 frameshift mutations, result-
ing in predicted synthesis of truncated RII receptors of 161, 129, or
130 amino acids, respectively. The RER+ phenotype is characteristic
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of cancers arising in individuals with HNPCC, a familial cancer
syndrome, characterized by a high incidence of colon, endometrial,
and gastric cancers (8, 11). The RER+ phenotype also is present in
many sporadic colon, endometrial, and gastric cancers found in indi-
viduals not belonging to cancer families (8). We show here that RI/
gene mutations are also commonly present in RER+ gastric cancers.
In contrast, we find that RII gene mutations are distinctly uncommon
in RER+ endometrial cancers. These results suggest that RII/ gene
mutations confer a growth advantage and are selected for in RER+
gastrointestinal cancers but not in RER+ endometrial tumors.

Materials and Methods

Tumors and Cell Lines. Gastric carcinoma cell lines and the Ishikawa cell
line have been described previously (12, 13); other endometrial carcinoma cell
lines are from the American Type Culture Collection. Genomic DNA was
isolated by a standard SDS and proteinase K protocol (14). Genomic DNA was
extracted from paraffin-embedded and frozen normal or tumor tissues using
standard methods (15).

Amplification of RII. A 73-bp region of the RII gene (nucleotides 665—
737) was amplified from 50-200 ng of genomic DNA with approximately 10
ng of *?P end-labeled TA10-F1 primer (5'-CTTTATTCTGGAAGATGCTGC-
3’) and 150 ng of reverse primer TA10-R1 (5'-GAAGAAAGTCTCACCAGG-
3) using 30 cycles of 95°C for 30 s, 55°C for 1 min, and 70°C for 1 min. The
PCR products were separated by electrophoresis at 52°C on a 6% LongRanger
(FMC Bioproducts) polyacrylamide/7M urea gel and visualized by autoradiog-
raphy. The standard in each assay was established by amplifying wild-type RII
from plasmid H2-3FF (16). All assays were repeated in triplicate. Amplifica-
tion, cloning, and sequencing of RII cDNA were performed as described
previously (9).

RER Assays. Reconfirmation of microsatellite instability in endometrial
cancers and determination of microsatellite instability in gastric cancers was
performed using primer sets BAT26 and BAT40, which amplify adenine-
mononucleotide repeats and are greater than 98% sensitive for detecting RER+
(10). RER+ samples displayed microsatellite lengths divergent from matched
normal tissue or, in the case of some cell lines, divergent from 10 unmatched
normal samples.

Statistical Analysis. Statistical comparisons were performed using the x?
test with the Yates continuity correction.

Results and Discussion

To detect RII mutations in RER+ tumor types, we developed a
PCR-based assay for the mutational hotspot comprising the RII polya-
denine repeat. PCR amplification from genomic DNA of a 73-bp
sequence encompassing this repeat is followed by PAGE to register a
shift of 1 or more basepairs in the size of the amplified fragment.
Fig. 1A shows the expected 73-bp RII fragment amplified from the RII
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Fig. 1. PCR detection of RII mutations. Size of wild type (wrf) PCR product is
indicated, as are +1-, —1-, and -2-bp frameshifts. A, gastric carcinomas. Control RII
cDNA plasmid, RII mutant cell lines SNU-1 and SNU-638, RII mutant tumors T13 and
T18, and wild-type cell line SNU-668. B, endometrial carcinomas. Control RII cDNA
plasmid, RII mutant cell lines RL95-2 and Ishikawa, RII mutant tumor EAST with
matched normal tissue E45N, and wild-type RII cell line HEC1A.

polyadenine region in a control plasmid bearing the wild-type RII
sequences (16). Amplification of the wild-type polyadenine tract is
also associated with production of a minor PCR product sized 1 bp
shorter (-1) than the wild-type fragment. Similar shortened minor
reaction products are seen after PCR amplification of longer repetitive
DNA sequences from genomic microsatellites and are commonly
attributed to slippage by Taq polymerase (17). In comparison to the
wild-type pattern, Fig. 1B shows the amplification of the RII polya-
denine tract from endometrial tumor E4S5T, in which the signal asso-
ciated with the —1-bp product is equal in intensity to that resulting
from the full-length allele. This suggests that tumor E45T is heterozy-
gous, bearing one RII allele with a —1 frameshift and one allele that
is wild type within the polyadenine tract. To confirm that the RII-PCR

assay is sufficiently sensitive to detect a heterozygous RII mutation,
we amplified by RT-PCR the RII ¢cDNA from tumor E4ST and
determined the RII sequence of individual cDNA clones. Consistent
with the genomic RII PCR results, we detected wild-type RII se-
quences in 4 of 9 cDNA clones, and detected a 1-bp deletion within
the polyadenine tract in the remaining S RII ¢cDNA clones (not
shown). We further confirmed the accuracy of the new assay by
demonstrating that it detected the correct RII mutations in all 10
RER+ colon cancers examined previously by sequencing RII cDNA
clones (not shown).

We next analyzed 29 cases of gastric cancer, including 21 gastric
cancer tumors and 8 gastric cancer cell lines, to determine the pres-
ence of RII mutations and the association of such mutations with the
RER+ phenotype. Seven of the 29 (24 + 7.9%) gastric cancers were
determined to be RER+ (Table 1). Five of 7 (71 £ 17%) of these
RER+ gastric cancers were demonstrated to bear mutations within the
RII polyadenine repeat (Table 1). In each of three cases (SNU-638,
T13, and T18), two RII alleles were inactivated by two different
mutations within the RII polyadenine tract (Table 1). No wild-type RI/
allele was detected in cell line SNU-638. The presence of residual
wild-type sequence detected in T13 and T18 presumably arose from
stromal cells still present in these tumor samples. Because two cases
bearing RII mutations were cell lines (SNU-1 and SNU-638), DNAs
from the paraffin-embedded tumors from which these lines were
established were also studied. In both cases, the RII mutations de-
tected in the cell lines were also present in the original tumor samples,
demonstrating that the mutations did not arise during cell culture. In
contrast to the RER+ gastric cancers, R/l mutations within the polya-
denine tract were detected in only 1 of 22 RER- cases (4.5 + 4.4%).
Thus, like colon cancers, gastric cancers also demonstrate mutations

Table 1 TGF-B-RII mutation and RER status in gastric and endometrial cancers

Gastric Carcinomas

Endometrial Carcinomas

(Line/tumor)” TGF-B-RII® RER¢ (Line/tumor)” TGF-B-RII” RER¢
SNU-1 L ~l/wt + Ishikawa L ~1/wt +
SNU-638 L -1/-2 + RL 95-2 L -1/wt +
SNU-5 L wt - AN3CA L wt +
SNU-16 L wt - HECIA L wt +
SNU-484 L wt - KLE L wit -
SNU-601 L wt - 15T T-F ~1/wt +
SNU-668 L wt - 4T T-F wt +
SNU-719 L wt - 5T T-F wt +
T13 T-S +1/-1 + 31T T-F wt +
T18 T-S -1/-2 + T601 T-F wt +
T21 T-S -1l/wt + T603 T-F wt +
T24 T-S =1/wt - EAST T-S ~l/wt +
Ti2 T-S wt + E3T T-S wt +
TI1S T-S wt + EST T-S wit +
Tl T-S wt - E6T T-S wit +
T2 T-S wit - E8T T-S wt +
T3 T-S wit - E13T T-S wit +
TS T-S wit - E14T T-S wt +
Ly T-S wt - E29T T-S wt +
T8 T-S wt - E30T T-S wit +
9 T-S wt - E34T T-S wt +
TI0 T-S wt - E39T T-S wt +
TI1 T-S wt - E46T T-S wt +
Ti4 T-S wt - ES7T T-S wt +
T16 T-S wit - E68T T-S wit +
T17 T-S wit - EIT T-S wit -
T19 T-S wt - E2T T-S —1/wt -
T20 T-S wt - EAT T-S wit
T25 T-S wit - E7T T-S wt -
EI10T T-S wt -
EI2T T-S wt -
EIST T-S wt -
E16T T-S wit -

“ Indicates whether sample derived from cell line (L) or tumor (T), and whether tumor sample is familial (F) or sporadic (S).
# TGF-B-RII mutation status at the polyadenine repeat is denoted by “wt” if sample is wild type on both alleles, or by number (e.g., —1/-2), indicating the number of bases lost

on each allele as indicated by the RII PCR assay.
“ RER phenotype: +, microsatellite instability in a sample; -, no instability.
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within the RII polyadenine tract, and these mutations are significantly
associated with the presence of the RER+ phenotype (P < 0.01).

To study the role of the RII polyadenine tract mutations in a
non-gastrointestinal malignancy, we next studied 24 cases of endo-
metrial cancer that had previously been shown to be RER+ by virtue
of instability of CA repeat microsatellites (15).* In each of these cases,
polyadenine repeat sequences within genomic microsatellites were
also confirmed as being unstable; yet, mutations in the RII polyade-
nine tract were detected in only 4 (17 + 7.6%). RII mutations are thus
significantly less common in RER+ endometrial than in RER+ colon
(P <0.001) or in RER+ gastric (P < 0.02) cancers. Notably, mutations
in the RII polyadenine tract were absent in five of six RER+ endo-
metrial tumors that arose in individuals belonging to HNPCC kin-
dreds. RII mutations were also absent in two endometrial cancer cell
lines (HEC1A and AN3CA), which, like HNPCC-derived cancers,
have demonstrable defects in DNA mismatch repair (Table 1; Refs. 18
and 19). The paucity of RII mutations in RER+ endometrial cancers is,
therefore, unlikely to be due to a difference in the genesis of the RER+
phenotype in endometrial compared with gastrointestinal malignan-
cies. It was not surprising that mutations in the RII polyadenine tract
were detected in only 1 of 9 RER- endometrial cancers (11 + 10%)
additionally studied.

Mutation in the RII polyadenine tract thus provides a common route
for RER+ carcinogenesis in both the upper and lower gastrointestinal
tract, whereas RER+ endometrial cancers must proceed by a different
mechanism. Perhaps endometrial cancers escape TGF- growth con-
trol by other means, or perhaps in endometrium steroid hormones
supersede TGF-$ as the dominant negative regulator of epithelial
proliferation. TGF-B has certainly been reported to stimulate, as well
as to inhibit, endometrial cell growth both in intact animals (20) and
in different cell culture models (21-24). In contrast, TGF-B induces
apoptosis of gastric epithelial cells (25). Gastric cancers have com-
monly acquired TGF-f resistance (12), and the RII mutations we
detect in RER+ gastric cancers SNU-1 and SNU-638 account for the
known TGF-B resistance of these cell lines (12). Moreover, RII
inactivation is documented among RER~- gastric cancers, caused in
some cases by gene deletion (12) and, as illustrated by T24, in others
by gene mutation. The relative absence of RII polyadenine tract
mutations demonstrated in RER+ endometrial cancers provides added
and independent support for the idea that in RER+ gastrointestinal
malignancies, these mutations do not simply reflect the RER+ status
of a tumor, but rather are selected for and contribute to cancer
pathogenesis.
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