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Abstract

We previously reported frequent loss of heterozygosity on chromosome
9p in esophageal carcinomas and suggested that a tumor suppressor gene
located on this chromosomal arm might be involved in development of
these cancers. Since recently published studies have shown that a gene

mapped on chromosome 9p21, MTS1/CDK4I (multiple tumor suppressor
1/cydila-dependent kinnse 4 inhIbitor), is frequently mutated in various
types of tumors, we chose to examine esophageal squamous cell carcino
mm for mutations In this candidategene.DNA sequenceanalysesrevealed
somatic mutations ofMTS1/CDK4I in 14 of 27 tumors examined; 8 were
frame-shift mutations and 6 were missense mutations. These results aug.
gested that the MTSJ/CDK4I gene is a tumor suppressor the inactivation
of which plays an important role during carcinogenesis of the squamous
cell type of esophageal carcinoma.

Introduction

Recent advances in molecular biology have revealed that the gen
esis and/or progression of tumors is due to accumulation of multiple
genetic alterations, including inactivation of tumor suppressor genes
and/or activation of protooncogenes (1â€”3).However, the molecular
features of ESC3 have remained unclear; the somatic mutations found
thus far in this type of tumor have been limited to inactivation of the
p53 gene (4) and amplification of the cyclin D gene (5).

We previously reported an allelotype study of ESC which indicated
that putative tumor suppressor genes on chromosomal arms 3p, Sq. 9p,
9q, lOp, 13q, l7p, 17q, 18q, 19q, and 21q might be associated with
carcinogenesis in the esophagus (6). We were especially interested in
3p, 9p, and 9q with reference to ESC, because cytogenetic and
molecular abnormalities in these chromosomal regions are frequently
noted in squamous cell tumors of the esophagus, lung, head, and neck
(7â€”9).

A putative tumor suppressor gene, MTS1/CDK4I, was isolated
recently and mapped on one of these candidate loci, at 9p21 (10, 11).
Mutations ofMTS1/CDK4I have been reported in melanoma cell lines
and in lymphoblastoid cell lines derived from dysplastic nevus syn
drome (10, 11). Therefore, we considered it a candidate gene for ESC
and looked for somatic mutations in 27 ESCs. Here we present
evidence that inactivation ofMTSJ/CDK4I does play a significant role
during esophageal carcinogenesis.
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Tumor Samples. Genomic DNAS from esophageal squamous cell carci

nomas and their corresponding normal tissues were extracted from frozen
tissues (6).

Mutation Analysis. We looked for MTS1/CDK4Imutations in 27 ESCs by
sequencing the DNA of exon 2 of this gene. In brief, this exon was amplified
by polymerase chain reaction with the primers: S'-TATAAGCFTGGCFCfA
CACAAGcTrCCFT-3' and 5'-TAUCfAGATGAGCITFGOAAGCFCT
CAG-3'. Polymerasechainreactionproductswere subclonedinto pBluescript
SK(â€”) (Stratagene, La Jolla, CA) and a mixture containing at least 50 sub

clones was used as template for DNA sequencing as described elsewhere (12).
Sequencing primers were as follows:

S'-TACAAA11@CfCAGATCAT-3';

S'-CCGGCCCCCACCCFGGCT-3';
S'-ACACGCFGGTGGTGCFGC-3';

and S'-CCAGGTCCACGGGCAGA-3'.

Results and Discussion

We have examined exon 2 of the MTSJ/CDK4I gene, which covers
the majority of the coding region, in esophageal tumors by the
DNA-sequencing method. Fig. 1 shows two examples of results that
revealed MTS1/CDK4I mutations; in case 111, a missense mutation at
codon 66 resulting in a change from aspartic acid to asparagine is
clearly observed; in case 117, extra bands indicate deletion of one
base at codon 97. The experiments were repeated to confirm these

genetic alterations. Comparisons of these DNA sequences with DNA
from corresponding normal tissues confirmed that the changes were
somatic events. A total of 14 somatic mutations of the MTS1/CDK4I
gene were detected among 27 tumors examined as shown in Table 1.
Among them, 8 were frame-shift mutations due to deletion of 1, 2, or
50 base pairs, and 6 were missense mutations. The results clearly
indicated that inactivation of the MTS1/CDK4I gene plays an impor
tant role in development or progression of ESC.

We venture to predict that alleic deletions on 9p21 and on l'lp at
the p53 locus occur during transformation of precancerous dysplastic
cells to cancer cells in the esophagus,4 as p53 mutations do in colorectal
carcinoma (3). Because the protein encoded by M7SJ/CDK4I, p16, has
been proposed as a general inhibitor of cdk4 (10, 11) and p53 is

thought to regulate S-phase entry through interaction with p21@'@
(13-17), loss of function with respect to G1 arrest seems to be necessary
for progression of a precancerous lesion to malignancy. Inasmuch as
other reportedmolecular aberrationsin ESC include amplification of the
cyclin Dl locus (PRAD1) (5, 18) and alteration of Rbl mRNA (19),
accumulation of mutations among cell cycle regulators may be respon
sible for carcinogenesis and/or progression of ESC.

4 T. Mon and Y. Nakainura, unpublished data.
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Table 1 Mutations ofMlSl/CDK4I inESCsCaseNucleotide

changeCodonCodingchange19ATGGGCAGC
â€”@ATGGCAGC471-base pairdeletion44CTGCTC

. . . CCCGTG -â€˜
CTGCGTG57â€”7350-base

pair
deletion114@CGâ€”'@CG60Ala-*Thr36@Gc

-â€˜ @GC64Cys -â€˜Gly11
1@AC â€”@AAC66Asp â€”pAsn37ACCCGACCC

â€”â€˜ACCCACCC721-base pairdeletion28@AC
â€”â€˜AAC76Asp â€”Mn48CGG@TGGAC

â€”â€˜CGGTGGAC961-base pairdeletion110CGGCTGGAC
â€”@CGGTGGAC961-base pairdeletion117CTGGACGTG
â€”pCTGACGTG971-base pairdeletion11c@.c

â€”+c@c116Arg â€”@His23GGGGGCACC
â€”Ã·GGGCACC1282-base pairdeletion22Ã§Gc

-@ !GC136Arg -@Cys46GCCÃ§GCATA
â€”+GCCGCATA1361-base pair deletion

M1Sl/CDK4I MUTATION IN ESOPHAGEAL CANCER
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Fig. 1. Examples of DNA sequence which re
veal mutations of the MTSI/CDK4I gene in ESC
patients: case 111, base substitution from guarndine
to adenine, resulting in amino acid change from
aspartic acid to aspargine; case 117, deletion of
guanidine at codon 97 (arrow).
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