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Thirty-one tumor samplesfrom selected cases of
gastric carcinoma were analyzedfor mutations
ofthep53 tumor suppressor gene. Template DNA
was prepared according to the touch prepara-
tion procedure, which allowed us to isolate clus-
ters of neoplastic cells out of a stromal cellular
background to be used as a template in the am-
plircation of target exons of the p53 locus. In
our present study, by polymerase chain reac-
tion/single strand conformation polymorphism
analysis we give evidence ofp53 mutations oc-
curring in the DNA-binding core domain of the
protein (exons 5 through 9), which are clustered
in stages III and IVofthe disease (six mutations
out of seventeen samples; 35%). No p53 muta-
tions were detected in fourteen gastric cancer
samples at I and II stages. Beside the use of
conventional molecular scanning procedures,
our study proposes the application of the touch
preparation method to increase the detection of
genetic alterations in human solid tumors. (Am
J Pathol 1996, 148:405-413)

The identification of a growing number of genes,
mainly tumor suppressor genes, that contribute to
the development and progression of human solid

tumors1 links the application of molecular diagnosis
to clinical practice. Genomic instability induced by
alterations of genes that determine replication errors
could contribute to the inactivation of tumor suppres-
sor genes and increase the mutation rate.2 4

Structural alterations of the p53 product have been
frequently detected in a wide variety of human tu-
mors.5'6 The loss of p53 function depends on recessive
or dominant negative mutations, which can affect the
DNA-binding domain of the protein (exons 5 to 9), as
well as on the interaction with other cellular or viral
oncoproteins.7 8The wild-type p53 protein exerts pleio-
tropic effects through the transcriptional activation of
different target genes that control important check-
points in the modulation of cell cycle progression.9-14 It
can also induce a transient suppression of the cellular
growth at the Gl/S checkpoint15 and an irreversible
induction of the pathways leading to p53-dependent
programmed cell death16 17 and DNA repair. Further-
more, mutated p53-bearing cells have altered con-
trols during the progression through the cell cycle,
prevent apoptosis, and may play a role in the mech-
anisms of resistance to chemotherapeutic genotoxic
agents. 18-21

Gastric carcinoma is the third leading cause of can-
cer mortality in Italy with 13,700 casualties in 1991.22
Most of the patients are at high risk of recurrence and
show limited survival (10 to 30% at 5 years) at the time
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of diagnosis. Diagnostic procedures do not always
give an accurate preoperative evaluation of the extent
of the disease.23 Moreover, the pathological stage
does not always identify patients at different risks of
recurrence. Mutations of particular genes (p53, APC,
c-K-ras)24'25 and microsatellite instability26-28 have
been detected, but their role in the development of
gastric cancer remains unclear.29'30 Furthermore, a
more accurate diagnostic approach for evaluating
such genetic alterations needs to be developed. As
solid tumor tissues display a mixture of malignant and
nonmalignant stromal and inflammatory cells that limit
the accuracy of the molecular analysis by diluting the
neoplastic cell population, we performed the poly-
merase chain reaction (PCR)/single strand conforma-
tion polymorphism (SSCP) analysis of the p53 gene
locus using genomic DNA by touch preparation of
primary gastric carcinoma samples.31

By PCR/SSCP and direct sequencing, of 31 samples
tested we observed 6 cases of p53 variants (19%
frequency) clustered in patients with stages Ill and IV of
the disease. Molecular diagnosis of p53 mutations was
performed by SSCP assay on a tumor specimen de-
rived from a touch-prepared DNA template. Further-
more, comparing the results from templates prepared
using the touch preparation or applying standard DNA
procedures on macroscopic neoplastic sections, we
conclude that the touch preparation procedure has a
better grade of resolution in identifying hetero- and/or
homozygous alterations of the p53 tumor suppressor
gene and we propose the extensive application of this
technique in routine molecular diagnosis of genetic
alterations in solid tumors.

Materials and Methods

Tissue Sample Recruitment
Fragments of human primary gastric carcinoma and
nearby normal mucosa were obtained from surgical
resections of 31 untreated patients performed at San
Salvatore Hospital, L'Aquila, Italy, and stored at
-700C. Neoplastic samples were submitted to
pathological staging according to the American Joint
Committee on Cancer32 and Lauren's histological
classification.33 Detailed clinical and histopathologi-
cal data on each patient and tumor evaluated are
available from the authors upon request.

Touch Preparation of the Neoplastic Tissue
and DNA Extraction
Touch preparation of the grossly malignant tissue
has been performed according to the procedure of

Kovach et al31 with slight modifications. Briefly,
touch preparation consists of a light pressure of the
cut surface of a previously dissected neoplastic tis-
sue onto sterile microscope slides, followed by dip-
ping in toluidine blue solution (1% aqueous solution)
for 30 minutes and a final washing in double-distilled
water (ddH2O). Slides were viewed under a light
microscope with X25 magnification and freshly blu-
ish stained malignant cells were identified as small
clusters, each containing approximately 30 to 50
cells, which were easily removed using the tip of a
2-,ul hand-held sterile pipette (Figure 1). Usually,
three clusters per sample were picked and trans-
ferred into 5 ,ul of 5% dextrose and centrifuged for 5
minutes at 2000 rpm in a microfuge. DNA was ex-
tracted by incubating neoplastic cells with K-buffer
(1 x PCR buffer, 500 ,ug/ml proteinase K) for 1 hour
at 55°C. A two-step procedure was applied to am-
plify genomic DNA using pairs of nested primers
(Table 1): a first round of amplification with primers
complementary to sequences flanking exons IV and
IX amplifying a DNA fragment of 1790 bp and the
second one with primers specific for each exon (V,
VI, VII, VIII, and IX) amplifying regions of less than
250 bp. The first amplification was performed by
adding 200 ,umol/L dNTPs, 10 pmol of each primer,
1.5 mmol/L MgCI2, and 0.5 U of Taq polymerase
(Promega, Madison, WI) in a final volume of 25 ,ul.
Thirty-five cycles of denaturation (940C), annealing
(60°C), and extension (72°C) were performed on an
automated heat-block thermal cycler (Perkin-Elmer,
Emeryville, CA). The DNA extraction from grossly
normal and neoplastic mucosa was conducted by
standard methods.34

Single Strand Conformation Polymorphism
SSCP analysis was accomplished according to an
adapted version of the method reported by Gaidano
et al.35 The second amplifications were specific for
exons V to IX from the p53 gene using upstream and
downstream primers (Table 1) as follows: 1 ,ul of
DNA template from the first amplification was mixed
in a solution containing 10 pmol of primers, 2.5
gmol/L dNTPs, a range of 0.6 to 1.5 mmol/L MgCI2
depending on which exon, 1 gCi of [32P]dATP (spe-
cific activity 3000 Ci/mmol), 1X PCR buffer (Pro-
mega), and 0.5 U of Taq polymerase in a final volume
of 10 ,tl. PCR reactions consist of 30 cycles. Then, 2
ulI of reaction mix were diluted 1:25 into 0. 1% sodium
dodecyl sulfate/10 mmol/L EDTA and further mixed
1:1 with 2 jil of sequencing stop solution. Samples
were heated at 950C for 8 minutes, chilled in ice, and
immediately loaded (4 ,ul) onto an 8% polyacryl-
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Figure 1. Touch preparation ofgastric cancer cells. The photographs shou, a light microscope vieu ( mugniication. x 25) ofgastric cancer tissue
by

touch preparation. A: Two discrete clusters- ofgastric cancer cells. B: Vieu' of the same field after removing the two neoplastic clusters.
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Table 1. Primer Sequiences for p53 Analyses

Exon Upstream Downstream

5-9* 5'-GGAGGTGCTTACACAT-3' 5'-GTTAGCTACAACCAGG-3'
5t 5'-TTCCTCTTCCTACAGTACTC-3' 5'-ACCCTGGGCAACCAGCCCTGT-3'
6t 5'-ACAGGGCTGGTTGCCCAGGGT-3' 5'-AGTTGCAAACCAGACCTCAG-3'
7t 5'-GTGTTATCTCCTAGGTTGGC-3' 5'-GTCAGCGGCAAGCAGAGGCT-3'
8t 5'-TATCCTGAGTAGTGGGTAATC-3' 5'-AAGTGAATCTGAGGCATAAC-3'
9t 5'-GCAGTTATGCCTCAGATTCAC-3' 5'-AAGACTTAGTACCTGAAGGGT-3'

*Primers previously described by Kovach et al.31 for the first round of amplification from touch preparations.
tPrimers previously described by Gaidano et al.35

amide gel (19:1, acrylamide:bis) containing 10%
glycerol for 12 to 15 hours at room temperature
applying 8-watt constant power. SSCP analysis was
performed with and without glycerol addition. Auto-
radiography was performed with an intensifying
screen for 24 to 72 hours.

Direct Sequencing
Direct sequencing was performed using amplified
DNA from a genomic template extracted by the
touch preparation procedure. The second PCR, spe-
cific for exons V to IX, was conducted without radio-
active tracer as previously described, except that
200 ,umol/L dNTPs were used in a final volume of 25
,lI for 30 cycles. Amplified fragments were gel puri-
fied by the low-melting-point agarose technique. Di-
rect sequencing was performed according to a mod-
ification of the method by Neri et al.36 Briefly, 2 pmol
of 32P-end-labeled primers were annealed with 2.5
,lI of purified DNA (approximately 100 ng) for 2 min-
utes at 630C and dideoxy-NTP reactions were per-
formed according to standard procedures (Seque-
nase, USB, Cleveland, OH). Electrophoresis was
performed under denaturing conditions onto a 6%
polyacrylamide gel (29:1) at room temperature ap-
plying 60-watt constant power. Autoradiography was
performed with an intensifying screen for 24 to 72
hours.

Results
p53 mutations affecting exons V to IX have been
scanned by PCR/SSCP assay and direct sequencing
from touch preparation of 31 gastric carcinoma sam-
ples (Table 2). The molecular analysis by touch
preparation has been conducted according to a
three-step approach: 1) SSCP analysis of gastric
carcinoma cells, 2) confirmatory SSCP analysis of
suspected gastric carcinoma samples together with
the corresponding nearby normal mucosa, 3) direct
sequencing of the mutated cases. Direct sequenc-
ing of the suspected sample was performed by us-

ing either the upstream or the downstream primer of
the involved exon. The results of the SSCP analysis
and direct sequencing can be considered as a mean
molecular evaluation of three clusters of neoplastic
cells. The polymorphic pattern of SSCP and the mu-
tations observed by the direct sequencing were al-
ways confirmed twice with additional experiments.
SSCP analysis detected six altered mobility shifts

(19% frequency) with the following distribution: exon
V, two mutations; exon VI, two mutations; exon VIl,
one mutation; exon VIII, one mutation. Polymor-
phisms displayed four heterozygous and two ho-
mozygous patterns. Subsequently, SSCP analysis of
suspected gastric carcinoma samples together with
nearby normal mucosa confirmed the preliminary
results and detected a polymorphism also affecting
one normal gastric sample (S34).

Direct sequencing from touch-prepared templates
displayed a definite detection of the heterozygous
polymorphism in four mutated cases. We found the
following p53 variants: in exon V, one base deletion
at codon 174 from S3 and nine base insertions from
S15; in exon VI, two mutations shown by direct se-
quencing of S35, one base deletion at codon 219
and a nonsense substitution at codon 196 (CGA/
TGA); in exon VIII, a mutation at codon 273 (CGT/
TGT) revealed by S14, the most frequently described
in human gastric carcinoma (Figure 2).

Next, we wanted to assess the specificity of the
p53 mutation profiles comparing the SSCP analysis
using templates from either touch-prepared or mac-
ro- extracted DNA. As shown in Table 3, the touch-
prepared samples gave an unequivocal homozy-
gous pattern of mutated p53 in two cases (Figure 3).
Exon VII amplification from S19 displayed additional
bands of single strand DNA conformation together
with the absence of the wild-type pattern due to
allelic deletion. Direct sequencing of S19-exon 7
showed a hot spot mutation at codon 248 (substitu-
tion CGG/CAG), which is one of the most frequently
involved in human cancers and particularly in gastric
cancers, even if the substitution reported in other
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Table 2. p53 Mutations in Gastric Cancer from Touch Preparations
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Exon Codon

p53 mutations

Nucleotide Nature of Allelic
change mutation patternt

5 174 C-deletion

8
5

273 CGT/TGT
9-bp insertion

7 248 CGG/CAG

6
6
6

220 TAT/TCT
196 CGA/TGA
219 C-deletion

frameshift Het

Arg-Cys Het
frameshift Het

Arg-Gln

Tyr-Ser
Arg-Stop
frameshift

*1, intestinal; D, diffuse.
tHet, heterozygous polymorphism; Hom, homozygous polymorphism.
* Staging of cancers according to UICC (stages to IV) and AJC (TNM system) classification.

A.

Hom

Hom
Het

B.

series involves the first base of the codon (CGG/
TGG).

Furthermore, SSCP analysis of S34-exon 6 (Figure
4) showed the presence of a heterozygous polymor-
phism affecting DNA extracted from normal and neo-

plastic cells. Consequently, direct sequencing of this
case confirmed the presence of a heterozygous
polymorphism in exon 6 at codon 213 (CGA/CGG),
previously described in the Italian population.37 The
analysis of touch-prepared tumor DNA from the
same patient showed the loss of such dimorphism at
codon 213 and the appearance of a base substitu-
tion at codon 220 (TAT/TCT) on the residual allele.

Globally, we detected four base substitutions,
three transitions (one at CpG site giving one C/T
replacement), and one transversion. Three other mu-
tations consisted of deletions and insertions.

The evaluation of the mutations according to the
pathological stage (Table 4) revealed that all of the
mutations were found at stages Ill and IV and none

S14
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Figure 2. Heterozygous pattern qfpS3 mutationsfrom touch-prepared
samples. A: S14 gastric cancer sample shows a heterozygous SSCP
pattern qf the exon VIII due to the appearance of extra hands (see
arrowhead). B: Direct sequencing of the antisense strand points out
the specific mutation (codon 273) and confirms the heterozygous
profile. P, placental genomic DNA used as a control; S10 to S14,
samplesfrom gastric tissue; n and c, DNAsfrom normal and neoplastic
gastnic cells, respectively.
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Table 3. Comparison of SSC1P Patter;, of p53 Muttations from Macroscopic Tissue and Touch-Prepared Template

Macroscopic tissue

Heterozygous Homozygous

+

+

+
+

Touch preparation

Heterozygous

+

Homozygous

+

+

+, altered p53-SSCP pattern.

were found in the 14 patients at stages and 11 of
gastric carcinoma.

Discussion
The molecular detection of p53 mutations by PCR/
SSCP analysis and direct sequencing from a few
clusters of gastric cancer cells showed 6 mutations
out of 31 samples analyzed so far (19% frequency).
p53 mutations reported by molecular screening pro-

cedures (SSCP or DGGE and/or direct sequencing)
in gastric carcinoma ranges between 0 and 52%
(mean 31%) in published data.2 2738 43In addition,
high levels of p53 protein have been detected in
57% of tumor samples by immunostaining.44 The
wide range of p53 variants reported so far in gastric
cancer is partially due to the different scanning pro-

cedures, as the invariable mixture of malignant and
nonmalignant cells in solid tumor tissue is a common
condition for misinterpretation of the molecular anal-
ysis.

Non-neoplastic cells (fibrovascular and inflamma-
tory elements) represent a common contamination in

B.A.

S 18 S 19
n cn c

tumor biopsies. Consequently, the separation of ma-
lignant cells from their stromal environment repre-

sents the preliminary step in the clinical application
of molecular diagnosis of genetic alterations in solid
tumors. The cellular morphology accounts for the
first criterion in the diagnosis of the malignant phe-
notype. Furthermore, direct selection of cancer cells
from stained preparations of primary tissues is the
more reliable approach to obtain a homogeneous
tumor cell population. Touch preparation has been
used for many years to assist in the hisological di-
agnosis of carcinomas because it allows the sepa-

ration of neoplastic cells due to their capacity to
adhere to microscopic slides as small, discrete clus-
ters of clonal origin. Cell clusters in touch prepara-

tion contain only tumor cells as determined by direct
microscopic observation.3145 The technique is sim-
ple, rapid, and highly selective. The procedure of the
detection of p53 mutations from touch preparations
of gastric carcinoma was easily feasible, cost lim-
ited, and not time consuming.

Our results concerning the detection of p53 mu-

tations in gastric cancer are in the range of those

C.

S 19 S 33
n c n c

S 19
A C G T
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Figure 3. Rceolutioo cJ'a homozygous pattern of exon 17t-p53 iariaot by touich preparation. A: The SSCP assay using DNA from a macrodisscection
o/'thce tuminor tio.sute di,spla!is Cbhetertoz;oiispolyoiiorphi.s;m of/tbe 519c sample(arrowheads) dte to contaninlatiol ofthe stromal or in7flammatory cells.
B: The scone cnalcltsis perforinecd oil tolucb-prepc(s-crcl temnplate fionm the soniC patienit ( 519) shous the clisappearance of the uild-type sinzgle strand
coi/brmnation ccicia homozigons SSCPprojile (arrowheads). C: Direct sequencing of the antisense stracn1d highlights the homozygotus mutated spot
onl exon VIII (codoo 248). Note thClt a G resicluefromi a iCry poorIy, non-uneoplastic cell contamination is faintly detected in the direct sequencing
probably clte to c highber sensitii'itl of direct sequencing with respect to the SSCP anallsis. S18, S19, sa.3,samples ofgastrc tissue; n, normnal gastric
DiA; c. gastric caniocer DAA.

S3
S14
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S19
S34
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Table 4. p53 Mutations According to Pathological Stage

Stage
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IIIB
IV

Samples
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6
5
6
6

p53 mutations
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Figure 4. Exon Vl-p53 nmoleciular analysis by touch preparation show-

inig a heterozygous polymnorphism oni niormal cells (ni) antd a hem.izy-
gon-us somatic mtultation ont neoplastic cells (c) gainlinig a deletioni oJ'the
polymalorphic allele. A: SSCP analysis shou's the appearance of a het-
erozygous polymorphism in nornmal gastric cells ( S34n shows a doublet
on the intensity ofthe band; onie arrowhead on the kcft) and a dffrrent
hemizygous SSCP pattern in gastric canicer cells (sanple S34c; tuo
arrowheads oni the rght). P, placenitalgenomnic DNAs used as conitrols.
B: Direct sequtencinig of the upstream strand oJ nIormal (n) gastric
sample S34 confirminig the heterozygous polymnorphisin in exoni Vt7
cocdon 213 ( CGA/C'GG). C: Direct sequencing oj'the pstreamii strantd of
gastric can-icer ( c) sample 534 showing the disappearatnce of the poly-
morphismn at codon 213 and the gaini qf a somtlatic nmuitationi (codon
220) oni the residutal allele.

reported in the literature by PCR/SSCP scanning.
This diagnostic approach improves the diagnostic
ability of the SSCP to predict the allelic pattern of the
p53 gene (mutations and allelic deletions) for clinical
purposes (Figures 3 and 4). Touch preparation
would improve the accuracy of direct sequencing for
the detection of specific gene alterations.

The distribution of mutations in our samples re-

vealed two altered genotypes at codons 273-exon

VIII and 248-exon VII, the most frequently mutated
sites in human tumors (respectively, 9.6 and 8.8%)
and also in gastric cancer.5'6'46 These hot spot mu-
tations inactivate p53 function by directly interfering
with DNA binding.47 The finding that the majority of
the p53 mutations occur in the portion of the DNA-
binding domain of the protein confirms the hypothe-
sis that DNA interaction and transactivation are crit-
ical points for p53 in mediating tumor suppression.
Many of the remaining mutations inactivate p53 most
likely by unfolding the conformation structure of the
protein and may involve the complete denaturation
of the core domain. The four other mutations de-
tected in our study (codons 174, 196, 219, and 220
and a 9-bp insertion at exon V) were not hot spot
residues but involve the superficial part of the
,-sandwich. The Tyr220 residue is part of a trio of
residues that have mutation rates significantly higher
than the rest of the 1-sandwich (4.5 versus 1 %). It
appears that they are important for the structure of
the short loops at the end of the 8-sandwich opposite
to the DNA-binding surface.

The evaluation of the mutations according to the
pathological stage (Table 4) revealed that all of the
mutations have been observed at stages III and IV of
the disease as reported in the literature (6/17, 35%);
none has been reported out of the 14 patients at
stages and 11 of the disease. This result enhances
the diagnostic role of the molecular detection of p53
mutations in the advanced phases of gastric cancer,
particularly in stages III and IV of the disease.
The detection of chromosome 17p allelic deletion

or accumulation of p53 protein showed prognostic
implications in different solid tumors (colon, breast,
and lung carcinomas) and also in gastric can-
cer.44'48 A more 'accurate detection of the allelic
distribution of p53 mutations obtained through the
touch preparation technique could have prognostic
significance of therapeutic relevance, particularly in
the pathological stage with a higher risk of recur-
rence (stage 111). Furthermore, the mutational status
of the p53 protein could be a predictor of chemore-
sistance, as in gastric cancer cell lines the presence
of wild-type p53 predicts sensitivity to chemothera-
peutic agents.49
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The molecular diagnosis at the earlier detectable
stages is limited by methods concerning scanning of
the genetic alterations.50 New techniques of analyz-
ing the pure neoplastic cell population could en-
hance the evaluation of the genetic pattern of the
different malignant clones constituting the solid tu-
mor tissue, thus improving the early diagnosis and
permitting the recognition of minimal residual dis-
ease.
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