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Abstract

Allelic deletion of multiple regions on the short arm of chromosome 3
(3p) implies the presence of multiple important tumor suppressor genes in

human carcinogenesis The FHIT gene, identified recently in chromosome
3p14-2, shows frequent allelic deletion and aberrant transcripts in gastro
intestinal tumors. After determining the intron sequences flanking each of
the coding exons of the FHIT gene and designing intron primers to

facilitate mutation analysis of genomic DNA samples, we analyzed the
complete coding sequences in matched cancer and normal tissues from 40
cases with primary gastric cancer using intron primers, PCR-single
strand conformation polymorphism analysis, and direct sequencing. A

somatic missense mutation in exon 6, codon 61, ACG (threonine) â€”pATG
(methionine) was found in a signet ring cell adenocarcinoma. We also
evaluated allelic deletion in these tumors by PCR-based microsatellite
analysis; alleic deletion occurred in 42.1% (16 of 38) of evaluable cases.
This is the first report ofa somatic missense mutation of the FHIT gene in
a primary tumor. Presence of a point mutation and frequent allelic
deletions are consistent with the hypothesis that FHJT gene alterations are
involved in the development of primary gastric cancers.

Introduction

Allelic losses at multiple sites of chromosome 3p in many types of
human cancers (1â€”7)are consistent with the hypothesis that tumor
suppressor genes are located on chromosome 3. Several loci of ho
mozygous deletion have been reported at chromosome 3p2lâ€”2S(8â€”
10). To date, only one tumor suppressor, the VHL (von Hippel-Lindau
disease) gene at chromosome 3p25, has been identified, and it is
associated with renal cancer and hemangioblastoma (11â€”13).

A reciprocal chromosomal translocation, t(3;8)(pl4.2; q24), which
segregated with familial renal cell carcinoma, has been reported (14,
15). Chromosome 3pl4.2 also is an aphidicolin-inducible fragile site,
FRA3B (16). Recently, the FlIT gene was identified at chromosome
3pl4.2, and aberrant transcripts in gastrointestinal tumors were re
ported (17). The FHIT protein is 69% similar to diadenosine 5',Sâ€•-
P',Pâ€•-tetraphosphate asymmetrical hydrolase, which led to specula
tion that it cleaves the diadenosine 5',5â€•-P',P'@-tetraphosphate
substrate that may stimulate DNA polymerase activity (18). In addi
tion, lung cancers (18), breast cancers (19), and Merkel cell carcino
mas (20) contain the aberrant FHJT transcripts. However, the com
plete sequence of the coding region of the gene was found to be
normal in colorectal tumors by reverse transcription-PCR analysis in
spite of a 22% rate of allelic deletion (21).

Convincing evidence indicating that FHIT is a tumor suppressor
gene has not as yet been published. Allelic deletion does not prove its
suppressor status, because other loci could be the primary target, and
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only one point mutation in a cell line has been reported to date. The
aberrant transcripts might represent alternative splicing, and the ab
sence of point mutations in a series of primary colon tumors (21)
argues against the typical mutagenic mechanism of inactivation of
tumor suppressor genes such as p53 or APC thus far reported. Given
the current paucity of data, we have analyzed a series of gastric tumors
for evidence of alielic deletion and mutational inactivation of the
FHJT gene.

Materials and Methods

Determination of Intronic Sequences The intronic sequences of the
FlIT gene were determined by comparing the sequence of the FlIT cDNA

(17) and the sequencesobtainedfrom humanmega-YAC2clones
(yhCEPH768D2 and yhCEPH666C1) spanning the FHIT coding region as
described previously (22). yhCEPH768D2 and yhCEPH666D2 were identified
by screening a human mega-YAC library from Centre d'Etudes du Polymor
phisme Humaine (thus, CEPH) using PCR primer pairs for exons 5 and 9 of
FHIT. The primer pairs were as follows: exon 5, 5'-GCCAACATCTCAT

CAAGCC-3' (sense) and 5'-GTACCACAGG1TfCCTATFCAC-3' (anti
sense); and exon 9, 5'-TGACAAGGAGGACTVFCCTG-3' (sense) and 5'-
TGTGTCACTGAAAGTAGACCC-3' (antisense). We sequenced DNA using
the â€œlongdistance sequencerâ€• method (23). In brief, DNAs from YAC clones

were digested with multiple restriction enzymes and then ligated to vectorette
bubbles. The DNAs were amplified with an exon-specific and a vectorette
specific primer containing the M13 sequence, 5'-TGTAAAACGACGGC

CAGT-3', using the Gene Amp XL PCR kit (Perkin-Elmer/Roche, Branch
burg, NJ). The two or three amplified fragments were sequenced directly from
a vectorette-specific primer using a fluorescent automated sequencer (model
370A; Applied Biosystems, Inc., Foster City, CA). The PCR conditions were
as follows: 40 s at 94Â°C, 30 s at 60Â°C, and 90 s at 68Â°C for 40 cycles, followed

by 8 mm at 68Â°C.The PCR reaction mix consisted of 1X XL buffer from the
Gene Amp XL PCR kit, 200 @Mdeoxynucleotide triphosphate, 1100 @M
Mg(OAc)2,Â°@units of rTth DNA Polymerase XL, 0.3 @.tMof primers, and 25
ng of YAC DNA.

Tissue Samples. Matched primary gastric cancers and normal tissues were
obtained from 40 Chinese patients resected at the School of Oncology, Beijing
Medical University.The histologicaltypes included4 well-differentiated,8 mod
erately differentiated,and 27 poorly differentiatedadenocarcinomasand 1 signet
ring cell adenocarcinoma. Thirty-five tumors were of advanced stage with regional

or distant meta.stases. Genomic DNA samples were isolated by proteinase K
treatmentand phenol chloroformextractionusing standard protocols.

PCR-SSCP Analysis, Sequencing, and Allelic Deletion Analysis. PCR
SSCP and DNA sequence analyses were performed as described previously

(24). PCR primer pairs for each exon were designed using the flanking intron
sequences determined in this study. The PCR conditions were the same as

described above. The PCR reaction mix consisted of 1X XL buffer, 200 @tM
deoxynucleotide triphosphate, I 100 @xMMg(OAc)2, 0.5 units rTth DNA Pu
lymerase XL, 0.3 @LMprimers, 10 @Ciof [32P]dCTP, and 25 ng of genomic

DNA. The PCR products were then denatured, cooled on ice, loaded on 6%
polyacrylamide gels with and without 5% (vol/vol) glycerol, electrophoresed,
dried, and exposed to X-ray films at â€”80Â°Covernight. The aberrant bands
were excised and amplified by PCR using sequencing primers with the M13

2 The abbreviations used are: YAC, yeast artificial chromosome: SSCP, single-strand

conformation polymorphism.
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Table 1 Flanking intron sequences and primers for FHIT gene exonsâ€•

EXON 5
caataacatcctctctacaactaaaaatctgtagtaatggaatttgcttt

ctttaaggtggtatatgaactgagtttcttaattgaattttataactatc
cattgtcttttcttttagACTTCAACTGTOAGGACATGTCOTTCAGATTT

GGCCAACATCTCATCAAGCCCTCTGTAGTGTTTCTCAAAACAGAACTGTC

CTTCGCTCTTGTGAATAGGAAACCTGTGQTACCAGGACgtatcctttctt
tttttttttggagagggaaaataaaaatcttctaaacctaaccaaccaaa
tgaatataaa

EXON 6

ctacagATGTCCTTGTGTGCCCGCTGCGGCCAGTGGAGCGCTTCCATGAC

CTOCOTCCTGATGAAGTGGCCGATTTGTTTCAGACGACCCAGAGAGTCGG
GACAGTGGTGGAAAAACATTTCCAT000ACC'PCTCTCACCTTTTCCATGC

AggtgagtgtacagatttctcagaaatgatttttcttccctttcatatCC

(threonine) to a hydrophobic aliphatic residue (methiomne), this may
or may not represent an inactivating mutation: functional analyses of
this and other mutants are needed to determine the significance of
these base changes. We did not observe the genetic polymorphisms
reported by Thiagalingam et a!. (21). Although aberrant transcripts
were reported previously in several types of tumors, only one point
mutation was reported in a lung cancer cell line, Hl28, that has a
frameshift mutation at nucleotide 15 of the open reading frame (18).
There have been no reports of somatic point mutations in primary
tumors. Thiagalingam et a!. (21) examined 3 1 colorectal cancers and
found normal mRNA transcripts in 29; the sequence analysis of
complete coding regions revealed no somatic point mutations.

Allelic deletion analysis was performed by using five microsatellite

tgtttgtattttaggtagcagccaaaaaaagagatttctaatgcagggca
accctact

EXON 7
tgaataaacaaaaaataccatctatctattctcacctctgttggtttttt
cctacttctagGATGGCCCCGAAGCCGGACAGACTGTGAAgtgagtgctt

attatgtgcatacaaattaataagaggcgattatgagaactaataaaaaa
tcacaacgagtcatatgcagcacattgctgtttcattatattatcttcaa
aatcaaaaaaaccctcaatgttagagccgtaaa

EXON 8
gggcttcataaaaacatcactatcaaatctaaaaatacatggggagataa

A

tcacattttttttctttcttgtacattttcagCkCGTTCACGTCCATGTT

CTTCCCAGGAAGGCTGGAGACTTTCACAGOAATGACAGCATCTATGAGGA

Ggtaaatctattctctctaatcttattgtttgatcacgggga

EXON 9
agttgtagcaactgaaacaattaaaagatacacctactggcctctaattt
gcgaattttattcaatctcccccaaccccccgaaatttgttcaaggagat
cccaagggcccatgaaagagcctcttcctttttttttctccaaagCTCcA

GAAACATGACAAGGAOGACTTTCCTGCCTCTTGGAGATCAGAGGAGGAAA
TGGCAGCAGAAGCCGCAGCTCTGCGGGTCTACTTTCAGTGACACAGgtaa

agactgcatttcgtcattacccagaccctcccgtgggcctcaggaaagag
gctgcactctcaaaataaaaatacacaaaaacaccttcaccagcat

aLowercaseletters,introns;underlinedsequences,primersusedforgenomicanalysis;
capital letters. exons.

sequence added to the appropriate PCR primers for the exon. The PCR

products were purified and sequenced using a fluorescent automated Se
quencer. Allelic deletion analysis of matched tumor and nontumor pairs was
done as described previously using the microsatellite markers D3S1234,
D3S1295, D3S1300, D3S1312, and D3S1313 located on chromosome 3pl'l.2
( I 8).

Results and Discussion

Ohta et a!. previously reported two intron primer pairs for exons 3
and 4 and one pair for a part of exon 5 (17). The open reading frame
of the FlIT genes exist in exons from 5â€”9;exons 1â€”4are not
transcribed (17). To investigate the mutations in the open reading
frame, we determined the flanking intron sequences for these exons by
comparing the cDNA sequence of the FHJT gene (17) to the YAC
clone (yhCEPH768D2 and yhCEPH666C 1) sequences that span the
coding region of the FHJT gene (Table 1). Using these sequence data,
we designed intron primer pairs for the coding region of the gene for
PCR-SSCP and direct sequence analysis (Table 1).

We conducted PCR-SSCP analysis of exons 5â€”9using the intron
primers in 40 primary gastric tumors. A signet ring cell adenocarci
noma showed an exon 6 mobility shift in the PCR-SSCP analysis (Fig.
lA). Sequence analysis of the PCR product showed a cytosine (C)-
to-thymine (T) transition in exon 6 at codon 61 (Fig. lB), which
produced a threonine-to-methionine amino acid substitution, which
was not found in the germline DNA. Because this is possibly a
conservative change from a neutral, weakly hydrophobic amino acid

B
Tumor

Normal
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Fig. I. (A) PCR-SSCP analysis of exon 6 of the FHIT gene shows aberrant bands in
a signet ring cell adenocarcinoma (!2C). Matched tumor (C) and normal (N) tissue
samples from patients with primary gastric cancer were examined. B, sequence analysis
reveals the somatic nucleotide substitution (Câ€”+T)at codon 61 in exon 6 of the signet ring
cell adenocarcinoma (GenBank accession no. U88866).
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tional analysis of the FHJT gene as a tumor suppressor, including
comparing the wild-type to the missense mutant observed in tumors.
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markers on chromosome 3p: D3S1300 is located within the FHIT gene;
D3Sl3l2 is centromeric; and D3S1234, D3S1295, and D3S1313 are
telomenc. Allelic deletions occurred in 7 of24 (29.2%) informative cases

for D3S1234, 5 of 18 (27.8%) for D3S1295, 8 of 29 (27.6%) for
D3S!300, 4 of22 (18.2%) for D3S1312, and 4 of 10(40.0%) informative
cases for D3Sl3l3 (Fig. 2). Fig. 3 shows the patterns of deletion for all

16 cases. It is notable that 8 of 13 informative cases have a deletion at
D3S1300 that occurs within intron S of the FHJT gene. It is notable that
the the remaining eight cases have deletions at adjacent microsatellite or
are noninformative. Therefore, these data support the hypothesis that
FHJTis the target ofdeletion in these primary gastric cancers. The overall
alleic deletion rate of 42.1% (16/38) in this study correlates with the
aberrant transcripts in 38â€”55%of gastrointestinal tumors (17), 40â€”80%
oflung cancers (18), 20% of breast cancers (19), and 57% of Merkel cell
skin cancers (20).

There are several possible interpretations of our data. First, FHJT is
a target of mutational inactivation in 40â€”50%of gastric tumors; our
data suggest that usually there is deletion of both alleles, and occa
sionally there is deletion of one allele with mutational inactivation of
the second. The second possibility is that FHIT is mostly altered by
nonmutational mechanisms causing down-regulation of protein cx
pression. Lastly, FH!T alterations are not involved in the molecular
pathogenesis of gastric cancer, and it is altered only because it is near
a tumor suppressor gene. Future studies need to focus on the func
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Fig. 3. Schematic representation of allelic deletion of the FHIT locus using five
microsatellites. Sixteen tumors had evidence of allelic deletion at one or more loci. Black
boxes, deletion; white boxes, no deletion; gray boxes, noninformative sites.
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Fig. 2. Examples of allelic deletion analysis of primary gastric cancers. D3S1300
microsatellite sequences were analyzed from matched tumor (C) and normal (N) tissues.
Tumors lC and 4C lost one allele (1C had one weak band due to contamination of normal
tissue), tumors 2C and 5C were intact, and tumor 3 was not informative.
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