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MAD-related Genes on 18q21.1, Smad2 and Smad4, Are Altered Infrequently

in Esophageal Squamous Cell Carcmoma
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The MAD (mothers against decapentaplegic)-related gemes, Smad?2 (former name MADR2 or JV18-1)
and Smad4 (former name DPC4), have been identified on chromosome 18q21.1. We analyzed 30
primary esophageal squamous cell carcinomas (ESCC) and 7 cell lines derived from ESCC for
intragenic mutations and loss of heterozygosity (LOH) of the Smad2 and Smad4 genes. LOH was
detected in 5 of 14 (35%) informative cases, However, no mutations in either gene were detected in
either the primary carcinomas or the cell lines, and only a G-to-A base transition within the 3'-
untranslated region of the Smad4 gene was observed in a carcinoma, There were no homozygous
deletions in either of the gemes in the cell lines. MAD-related genes on chromosome 18¢21.1 are

altered infrequently in ESCC.
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Transforming growth factor 8 (TGFg) is a potent
antiproliferative factor for a broad range of epithelial
cells."? The MAD (mothers against decapentaplegic)
gene from Drosophila melanogaster™® and the related
Sma® and Xmad® genes from Caenorhabditis elegans and
Xenopus, respectively, are essential components of the
TGFA superfamily (TGFS3/activin/bone morphopro-
teins)-induced signaling pathways. Recently, several hu-
man homologous genes encoding MAD-related proteins,
including DPC4,” MADRI/Samdl,*® and MADR2/
JV18-1,"" 'Y have been identified. The DPC4 and MADR2/
JV18-1 genes are located in close proximity at 18q21.1.7"
Recently, the nomenclature of these MAD-related genes
in the vertebrates has been unified by Derynck er al.
(MADR2 and DPC4 are termed Smad2 and Smad4,
respectively).”” Homozygous deletion and intragenic
mutations of the Smad4 gene have been detected in about
309 and 20% of pancreatic carcinomas, respectively.” ¥
Mutations in the Smad2 gene, accompanied with a loss of
heterozygosity (LOH),'>'" were also detected in colo-
rectal carcinomas. Biochemical analyses have indicated
that mutations in the Smad2 gene lead to decreased pro-
tein expression or a loss of TGEFS-regulated phosphoryla-
tion.’”? These results suggest that Smad2 gene is a tumor
suppressor gene. Indeed, Eppert et al.'” have suggested
that both genes could be implicated as tumor suppressor
genes in a variety of gastrointestinal tract tumors.

We assessed 30 primary esophageal squamous cell car-
cinomas (ESCC) and 7 cell lines derived from ESCC for
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intragenic mutations in the Smad2 and Smad4 genes and
LOH at 18q21.1, by polymerase chain reaction-single
strand conformation polymorphism (PCR-SSCP), re-
verse transcriptase (RT)-PCR-SSCP, and PCR-micro-
satellite analyses.

After informed consent had been obtained, thirty pri-
mary tumors and matching normal tissues were collected
from patients with ESCC. All the cell lines (TE-2, -3, -5,
-10, -11, -12, and -13) used in this study were derived
from ESCC and were kindly provided by Dr. Testuro
Nishihira (Department of Surgery, Tohoku University,
Miyagi). Genomic DNA from these materials was ex-
tracted by proteinase K digestion and phenol/chloro-
form extraction. RNA was isolated using Trizol reagent
(Gibco, BRL, Gaithersburg, MD).

Intragenic mutations in the Smad4 gene were screened
by PCR-SSCP analysis. The amino (exons 1-3) and
carboxyl (exons 8-11) termini of the Smad4 gene are
highly conserved among members of the MAD family,
and all identified mutations have been localized in these
regions.” 2 'Y Primer sequences used for amplification of
these exons have been described.' One hundred nano-
grams of genomic DNA was amplified in a total reaction
volume of 20 pl containing 20 pmol of each primer, 1
mM MgCl, and 1 ¢l of [¢-*P]dCTP (3000 Ci/mmol, 10
Ci/ml). PCR conditions were as follows: 35 cycles at
95°C for 1 min, the appropriate annealing temperature
for 1 min, and 72°C for 1 min. The annealing tempera-
ture for exons 1, 2, 3, 8, and 9 was 58°C, and that for
exons 10 and 11 was 55°C. Five microliters of each PCR
product was diluted 10-fold with gel-loading buffer (98%
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deionized formamide, 10 mM EDTA (pH 8.0), 0.025%
xylene cyanol, 0.025% bromopheno! blue) and heated at
94°C for 2 min. The samples were electrophoresed on a
6% neutral polyacrylamide gel, with or without 10%
glycerol, at 25 to 40 W for 3 to 10 h, at 4°C or room
temperature.

RT-PCR-SSCP analysis was performed on the MH1 (N-
terminus) and MH2 (C-terminus) domains of Smad2, as
previously described.'V Five hundred nanograms of total
RNA was reverse-transcribed using random hexamers
and AMV (TaKaRa, Tokyo). One hundred nanograms
of cDNA was amplified using primers dividing MH1 and
MH2 into four regions according to Eppert e al.'’ PCR
conditions were essentially as described for the Smad4
gene. All regions were annealed at 55°C. Samples were
electrophoresed on a 69 neutral polyacrylamide gel,
with or without 10% glycerol, at 5 to 25 watt-hour for 4
to 8 h, at 4°C or room temperature.

Three microsatellite markers on 18q21.1, DI8546,
D185467, D185460 (Research Genetics, Huntsville, AL),
were used for LOH analysis. The locations of these
markers and the Smad2 and Smad4 genes are shown in
Fig. 1. PCR and electrophoresis conditions have been
described elsewhere.'

PCR products eluted from the shifted bands detected
by SSCP analysis were sequenced directly using a termi-
nator cycle sequencing kit (Taq DyeDeoxy, Applied
Biosystems, Foster City, CA) and an automated DNA
sequencer (Model 373A, Applied Biosystems). In cases
exhibiting LOH at 18q21.1, exon 11 of the Smad4 gene
was amplified and sequenced directly.

LOH at 18g21.1 was detected in 5 of 14 (35%) in-
formative ESCC cases [DI18546, 2/12 (17%): D18S467,

Mutations of Smad2 and Smad4
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Fig. 2. SSCP analysis (A) and sequencing histogram (B) of
exon 11 of the DPC4 gene. One shifted band is indicated by
an arrowhead in specimen E73. A base transition of G to A,
nucleotide number 1799 as defined by Hahn et al.,” located
within the 3’-untranslated region of the Smad4 gene, is found
in E73 (arrow).

4/12 (33%): D18S460, 4/10 (40%)] (Fig. 1). A deletion
map for these cases is shown in Fig. 1. We previously
demonstrated that LOH at the DCC locus occurs in 20%
of ESCC using VNTR or RFLP markers.'® The inci-
dence of allelic deletion in the present study was higher at
the centromeric position near the Smad2 and Smad4

- genes than at the DCC gene locus. These results sug-

gested that the Smad2 and Smad4 genes may be candi-
date tumor suppressor genes in ESCC. However, no
mutation in the coding region of either gene was detected
in 30 primary carcinomas and 7 cell lines. Only a base
transition (G to A, nucleotide number” 1799) within the
3’-untranslated region of the Smad4 gene was detected in
a carcinoma (Fig. 2).

We examined various electrophoretic conditions, in-
cluding concentration (0%—-10%) of glycerol and tem-
perature of SSCP (4°C or room temperature), in order to
improve the sensitivity of the SSCP analysis.'® In addi-
tion, exon 11 of the Smad4 gene was directly sequenced
in five cases which exhibited LOH at 18q21.1, because
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the PCR products were longer than 400 bp. The lengths
of the PCR products in the case of Smad2 ranged from
236 to 301 bp, a size in which a pair base substitution can
be detected with 90% reliability.'® However, no intra-
genic mutations were detected.

" Homozygous deletion is 2 more prevalent aberration of
the Smad4 gene than intragenic mutation,” '™ as has also
been reported for the p16 gene.'” Homozygous deletions
of the Smad4 gene have been detected in 25 (30%) of 84
cell lines and xenografts of pancreatic carcinomas,” 1
(50%) of 2 bladder” and 1 (13%) of 8 breast'? carci-
noma cell lines. However, there were no homozygous
deletions in any of the examined cell lines derived from
ESCC. Similarly, Kim et al.' failed to detect homo-
zygous deletions in 20 primary head and neck squamous
cell carcinomas (HNSCC) and 16 HNSCC cell lines,
although they did find LOH in 7 of 15 (47%) at the
Smad4 locus. Moreover, Barrett ef al.'” noted frequent
LOH without intragenic Smad4 mutations in esophageal
adenocarcinoma. There is obvious tumor specificity,
since Schutte ef @l.'* observed prevalent Smad4 inactiva-
tion (48%) in pancreatic carcinomas, whereas it was
uncommon (< 109 ) in other tumor types. These results
are concordant with the present study.

In view of the LOH results at 18q21.1, we anticipated
that the Smad2 gene rather than the Smad4 gene might
be a candidate tumor suppressor gene in ESCC. How-
ever, no intragenic mutation or homozygous deletion was
detected in this gene. Mutations of the Smad2 gene have
been detected in colorectal carcinoma (11%, 2/18';
6%, 4/66'7), but Eppert et al.'V screened for Smad2
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mutations in lung cancer. It remains possible that an-
other target gene resides on 18q21.1,

The TGEFS family of proteins can cause cell cycle
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methylation and frame-shift mutations of the TGFS type
IT receptor gene contribute in part to resistance against
TGEB.2"* 1t is still unclear how the MAD-related pro-
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mas.'>* Thus, further studies analyzing JV5-] muta-
tions in ESCC are required.
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