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ABSTRACT

Using c-Ha-, c-Ki-, and c-N-r<w-specific probes in a RNA-RNA hy
bridization assay we found enhanced expression of c-Ha-nu protoonco

gene in stomach adenocarcinomas relative to nonneoplastic epithelium,
whereas little or no transcription of either c-Ki- or c-N-ros was detected.
Enhanced levels of c-Ha-ros RNA expression were detected in all of the
adenocarcinomas examined. Hybridization with c-Ha-ras was also de

tected in nonneoplastic gastric epithelium adjacent to carcinoma, although
the labeling was less intense than that of carcinoma cells. More extensive
analysis of the c-Ha-ras p21 expression was then carried out in formalin-
fixed, paraffin-embedded tissue sections and extracts from surgically
resected stomach tissues using monoclonal antibodies (M.Vhs) RAP-S
and Y13-259. The data obtained from the immunohistochemical studies

were consistent with the results of in situ hybridization assay. Adenocar
cinomas were much more reactive with MAb RAP-5 than benign and

normal tissues, and the majority of carcinomas demonstrated increased
expression of c-IIa-rav p21. Quantitative liquid competition radioimmu-
noassays using MAb Y13-259 also demonstrated significantly higher
levels of c-Ha-ros p21 in extracts from stomach adenocarcinomas than

those from normal mucosae. No strict correlation was found between ras
p21 expression and the degree of tumor differentiation or histolÃ³gica!
type. Although advanced carcinomas generally demonstrated higher lev
els of ras p21 than early carcinomas, no correlation among advanced
carcinomas and ras p21 levels was observed in relation to depth of tumor
invasion to the muscularis propria, subserosa, or serosa. Benign lesions,
in comparison, were much less reactive with MAb RAP-5 than carcino

mas. Among the benign lesions tested, dysplastic lesions were more
reactive than nondysplastic lesions. Normal stomach mucosa was gener
ally nonreactive with the exception of parietal cells. Our results indicate
that transformation of the stomach mucosa from benign to malignant
phenotype is associated with an increase in c-Ha-ros p21 expression.

INTRODUCTION

Members of the ras oncogene family (Ha-raÃ,Ki-rai, and N-
ras) have been identified as normal cellular components (pro-
tooncogenes) in a variety of species, including human. Two
possible mechanisms for the ability of ras genes to transform
cells have been identified. The first involves a qualitative change
in the ras gene by a point mutation, causing an alteration at
amino acid positions 12, 13, or 61 of the M, 21,000 ras gene
product (raÃp212) in certain types of human tumors (1, 2).

However, analyses of human tumors for point mutation using
either the NIH 3T3 cell transfection assay or restriction enzyme

Received 8/15/86: revised 11/20/86; accepted 11/24/86.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' To whom requests for reprints should be addressed at. National Cancer
Institute, Laboratory of Tumor Immunology and Biology, Building 10, Room
8B07, Bethesda, MD 20892.

2The abbreviations used are: p21, a protein with a molecular weight of 21,000;
MAb, monoclonal antibody; PBS, phosphate buffered saline (80 mm Na2HPC>4,
1.5 mM KH2PO,, 2.5 mM KC1, 140 mm NaCi, pH 7.4); BSA, bovine serum
albumin; SSC, 0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0; Ha-
MuSV, Harvey murine sarcoma virus; Ki-MuSV, Kirsten murine sarcoma virus;
RIA, radioimmunoassay.

analyses have shown that only a small percentage of carcinomas
contain point mutated ras (3-5). Increased levels of the proto-
ras gene have also been associated with cellular transformation;
e.g., when expressed at high levels a proto-ras gene is able to

transform NIH 3T3 cells (6, 7).
An activated human oncogene homologous to v-ra/has been

found in a primary stomach carcinoma by DNA transfection in
NIH 3T3 cells (8). Sakamoto et al. found another transforming
gene, list, in a primary stomach carcinoma and a noncancerous
portion of the same patient, and in a lymph node metastasis of
another patient (9). However, no transforming genes in these
transformants were homologous to Ha-, Ki-, or N-ros of human
origin (9). In contrast, Bos et al. have recently reported a
mutated e-Ki-rav alÃeleat position 12 as well as an amplified

normal alÃelein one stomach carcinoma using NIH 3T3 trans
fection assay and synthetic oligonucleotide probes (10). A recent
study showed enhanced ras p21 expression in stomach carci
nomas using immunohistochemical techniques (11). However,
no attempt was made to identify which raÃgene was involved
or to use quantitative assays such as radioimmunoassay.

The in situ hybridization technique (12-16) employed here
complements studies performed with MAbs because it allows
us to determine which of the three raÃprotooncogenes is
transcriptionally active. Such precise identification is not pos
sible at the protein level using currently available immunologi-
cai techniques.

MAbs reactive with raÃp21 have been utilized with formalin-
fixed, paraffin-embedded tissues and immunohistochemical
techniques (17-19). The advantages of this approach include:
(a) evaluation of a variety of malignant, potentially premalig-
nant, and benign surgically resected human stomach tissues; (b)
determination of raÃp21 expression at the single cell level; and
(c) correlation of clinical, surgical, and histolÃ³gica! data with
raÃp21 expression. Immunohistochemical methods, however,
provide only qualitative and semiquantitative data. Therefore,
we have also utilized quantitative liquid competition RIAs with
MAb Y13-259, directed against ras p21, for the detection and

quantitative analysis of raÃp21 in extracts from surgically
resected and snap frozen human stomach tissues.

Our objectives were (a) to define whether c-Ha-, c-Ki-, or c-
N-roi p21 was expressed in stomach adenocarcinomas using in

situ hybridization; (b) to qualitatively detect raÃp21 expression
at the single cell level in formalin-fixed, paraffin-embedded

stomach tissues using immunohistochemical assays; and (c) to
quantitatively detect the levels of ras p21 expression in cellular
extracts from stomach tissues using direct-binding liquid com
petition RIAs. Our aim was to determine if ras oncogenes were
involved in, or associated with stomach adenocarcinomas. Fur
ther, we sought to define if raÃp21 expression correlated with
degree of tumor differentiation, histological subtype, or depth
of tumor invasion.

1413

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/5/1413/2430327/cr0470051413.pdf by guest on 19 M

ay 2023



c-Ha-roÃ p21 EXPRESSION IN STOMACH ADENOCARCINOMAS

MATERIALS AND METHODS

Human Stomach Tissues. Eight primary stomach adenocarcinomas
and three normal tissues adjacent to stomach carcinomas used for in
situ hybridization were frozen in liquid nitrogen immediately after
surgery, and preserved at â€”70"C.The histopathological diagnoses of

these tissues, based on Diff Quick (American Scientific Products,
McGraw Park, IL) staining of frozen sections and pathology records,
are listed under Table 1.

Formalin-fixed, paraffin-embedded tissues used for immunohisto-
chemical analyses were obtained from 44 patients with gastric carci
noma, 14 with benign gastric lesions (seven with hyperplastic polyps,
three with adenomatous polyps, and four with dysplastic lesions), and
11 with normal histology. The 11 specimens containing normal gastric
mucosa were taken from two patients with gastritis, one with reflux
esophagitis, two with hyperplastic polyps, and six patients who died
from nonneoplastic diseases (confirmed at autopsy). Among 14 speci
mens with benign lesions, four specimens were histologically diagnosed
as dysplasia because of cellular atypia, abnormal glandular differentia
tion, and disorganized mucosa! architecture (20, 21). Stomach carci
nomas were subdivided into four groups based on their histological
patterns including well-differentiated tubular adenocarcinomas (A' =
12), moderately differentiated tubular adenocarcinomas (A' = 11),
poorly differentiated adenocarcinomas (N = 13), and signet ring cell
carcinomas (A' = 8). Sections (5 ^m) of paraffin-embedded tissue were
cut and mounted on gelatin-coated glass slides. One section from each
specimen was stained with hematoxylin and eosin for cellular visualiza
tion.

Snap frozen tissues used for direct-binding liquid competition RIA
and immunohistochemistry included adenocarcinomas (N = 9) and
normal mucosa from patients with gastric carcinoma (Ar= 5). Three of

five normal mucosae were obtained from the same patients whose
malignant lesions were also studied, and the other two normal mucosae
were from patients with early gastric carcinoma whose malignant
lesions were not large enough to be used in this study. Samples of
normal mucosa were resected from the stomach apart from foci of
carcinoma. Immediately after collection, the tissues were cut into pieces
of approximately 0.5 g, quick frozen in liquid nitrogen, and stored at
-70Â°Cfor direct-binding liquid competition RIA analysis. An adjacent

piece of tissue was fixed in 10% buffered formalin and embedded in
paraffin for histopathological and immunohistochemical analyses.

In Situ Hybridization. The in situ hybridization was performed
according to Harper et al. (22) with some modifications. Frozen sections
were cut at S /mi. thawed, and mounted onto acid precleaned and poly-
L-lysine (100 ^g/ml)-coated microscope slides, and immediately fixed
in 4% paraformaldehyde in PBS, pH 7.4, for 10 min at 4Â°C.The

sections were then washed in cold PBS for 1 min, and dehydrated in
graded ethanol. Pretreatment consisted of two 1-min rinses in two
changes of 2x SSC followed by acetylation in 0.025% (v/v) acetic
anhydride in 0.1 M triethanolamine, pH 8.0, for 10 min. The slides
were rinsed in 2x SSC and PBS, 1 min each, incubated in 0.1 M Tris-
HC1, pH 7.0/0.1 M glycine (30 min), rinsed in 2x SSC, and transferred
in 2x SSC-50% formamide at 50Â°Cprior to hybridization. The SP6

transcription vector containing human c-Ha-ras open-reading frame
sequences in reverse orientation was obtained from Oncogene Science,
Inc. (MineÃ³la, NY). The human c-N-ros and c-Ki-ros probes, also
inserted in SP6 transcription vectors, were acquired from Amersham
(Arlington Heights, IL). A 1.3-kilobase Ba/nHI-EcoRl murine ribo-

somal DNA (gift of Dr. J. Fethersten, University of Kentucky, KY)
was subcloned into the transcription vector pSP65 (Promega Biotech.,
Madison, WI) in the 3' to 5' orientation. This probe was used as

positive control. The pSP64 transcription vector (Promega Biotech.)
with no insert was used as negative control probe. RNA complementary
to cellular transcripts was transcribed using the SP6 system according
to the manufacturers specifications and labeled with [35S]aUTP (400

Ci/mmol; Amersham, Arlington Heights, IL). Two p\ of labeled RNA
probe per slide (2 x 10" cpm) was added to 18 n\ of hybridization

solution to give a concentration of 50% formamide, 2x SSC, 0.01 M
dithiothreitol, 1 mg/ml Escherichia coli tRNA, 1 mg/ml-sonicated
salmon sperm DNA, and 2 mg/ml BSA. The probes were heated at
65Â°Cfor 5 min in the hybridization solution and transferred to a
multiblok heater at 50Â°C.Prior to hybridization, the slides were re

trieved from the 2x SSC-50% formamide incubation, blotted with lint-

free paper, and transferred to a slide warmer. Twenty ul of hybridization
solution was applied to the sections, which were then covered with acid-
precleaned, siliconized coverslips and sealed with rubber cement. The
hybridization was carried out for 4 h at 50Â°C.The sections were then

washed in 2x SSC and subsequently transferred to two sequential
washes in 2x SSC-50% formamide at 55"C, rinsed in 2x SSC, and

blotted with lint-free paper. Thirty Â¡i\containing RNase A (Boehringer

Mannheim, FRG), 100 Mg/ml, and RNase T, (Boehringer Mannheim),
400 units/ml, in 0.2 M sodium phosphate, pH 6.5, were gently applied
to the tissue section. The sections were covered with acid-precleaned
coverslips, sealed, and incubated for 30 min at 37Â°C.After RNase
treatment, the sections were rinsed in 2x SSC, washed at 55'C in 2x

SSC-50% formamide (5 min) and in 2x SSC overnight. The sections

were dehydrated, dried, and dipped in Kodak NTB2 emulsion, melted
at 45Â°C,and diluted 1:1 with distilled water. After 6 days of exposure
in light-proof boxes at 4Â°C,the autoradiographs were developed in

Kodak D-19 developer for 5 min, washed in tap water, fixed in Kodak

rapid fixer for 4 min, rinsed in tap water, and counterstained with

Table 1 ras p21 RNA expression in adenocarcinomas and normal mucosae adjacent to carcinoma using RNA-RNA in situ hybridization"

Histopathological
diagnosisAdenocarcinomasPoorly

differentiatedadenocarcinomaModerately
differentiatedadenocarcinomaWell-differentiated

tubularadenocarcinomaPoorly
differentiatedadenocarcinomaPoorly
differentiatedadenocarcinomaModerately

differentiated tubularadenocarcinomaSignet
ring cellcarcinomaWell-differentiated

tubularadenocarcinomaNormal

mucosae adjacent tocarcinomaNormal
mucosaNormal
mucosaNormal

mucosaCell

linesKi-MuSV-3T3
(DT)MCF-7c-Ha-ras4.4*

<40)c9.3

(37)17.8
(338)2.0
(83)7.5

(105)13.1
(367)18.4
(306)17.2

(309)1.7

(15)5.4
(92)1.9

(43)ND"NDc-Ki-ras0.8

(7)1.0(4)0.7(13)1.3(53)1.1(15)0.8

(22)0.7(12)0.6

(10)0.6

(5)1.2(20)0.4

(9)12.0(96)NDc-Na-ras1.2(11)1.0(4)0.5

(9)1.2(49)1.3(19)0.4(10)0.7(12)0.4

(8)1.2(11)0.8(14)0.7(15)ND17.5(70)Ribosomal

control7.9(71)10.8

(43)13.7(261)4.6(187)16.3(228)5.0(139)6.5

(109)12.7
(229)8.2

(74)10.2(174)7.7(172)17.2(138)16.7(267)pSP64

control1.0(9)1.0(4)1.0(19)1.0(41)1.0(14)1.0(28)1.0(17)1.0(18)1.0(9)1.0(17)1.0(23)1.0(8)1.0(4)

" A quantitation of labeling was attempted by counting silver grains using an ocular micrometer under light microscope at magnification of 1000 X.
'"Labeling index: a relative ratio of (number of silver grains in each section) to (number of silver grains in pSP64-treated section).
' Number of silver grains in the area of 625 \acf. In each section three different areas of carcinoma cells or normal epithelial cells were evaluated by the counting

f grains, and the mean number was utilized.
ND. not determined.
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c-Ha-roi p21 EXPRESSION IN STOMACH ADENOCARCINOMAS

hetnatoxylin and eosin. Stained sections were examined for silver
grains.

Monoclonal Antibodies. Murine IgG2a MAb RAP-5 was generated
using a synthetic peptide reflecting amino acid positions 10-17 (valine
substituted for glycine at position 12) of the human ra.vgene product
p21, from the T24 bladder carcinoma cell line (17). This antibody has
demonstrated reactivity with both the point-mutated and proto-onc
forms of ras p21. MAb Y13-259, generated from clone Y13-259 derived
by fusion of Y3 rat myeloma cells with rat spleen cells following
immunization with Ha-MuSV-transformed NRK cells by Furth et al.
(23), is a monoclonal antibody which immunoprecipitates both the
point-mutated and proto-onc forms of human, rat, and mouse. MAbs
UPC-10 (a purified murine myeloma IgG2a protein), and MOPC-21 (a
purified murine myeloma Igd protein) (24) were obtained from Litton
Bionetics. Charleston, SC.

Immunohistochemical Assays. Immunohistochemical methods for
formalin-fixed, paraffin-embedded tissue sections and MAb RAP-5
purified from asci ics have been described previously (19). For this study
we used ascites fluids of MAbs RAP-5 and Y13-259. Tissue sections
were deparaffinized and treated with methanol containing 0.3% H2O2
for 10 min to block endogenous peroxidase activity. After rinsing in
PBS (pH 7.4), the sections were incubated in 10% normal horse serum
for 15 min. The pretreatment was removed and primary MAb RAP-5
(ascites fluid at 1:15,000 dilution) was added, and the slides were
incubated for 30 min at room temperature. MAb UPC-10 (5 (ig/ml)
was used as an isotype identical (IgG2.) control for MAb RAP-5 on a
serial section from each tissue. The primary MAbs were removed and
the slides were washed in PBS and then incubated with biotinylated
horse anti-mouse IgG (Vector Labs., Inc., Burlingame, CA) at 1:500
dilution for 30 min. Following a PBS rinse, the sections were incubated
with Vectastain ABC kit for 30 min. The slides were rinsed in PBS,
and the peroxidase reaction was initiated using 0.06% diaminobenzi-
dine (Sigma Chemical Co., St. Louis, MO) with 0.01% H2O2 for 5 min.
The sections were briefly counterstained with hematoxylin.

Immunohistochemical assays with MAb Y13-259 were performed
using the same techniques described for MAb RAP-5, except for
pretreatment with 10% rabbit serum, primary antibody incubation
(ascites fluid of MAb Y13-259 at 1:750 dilution), and second antibody
incubation (biotinylated rabbit anti-rat IgG at 1:500 dilution; Vector)
MAb MOPC-21 was used at 40 Mg/ml as a control for nonspecific
binding of immunoperoxidase reagents to the tissues. In the assays with
MAb MOPC-21, 10% normal horse serum was used as a pretreatment
of tissue sections, and biotinylated horse anti-mouse IgG was used as a
second antibody.

Scoring Methods for Immunohistochemical Evaluation. Each section
was evaluated for the presence of cell-associated diaminobenzidine
precipitate indicative of primary MAb binding using the following
scoring system: (-) negative; (+) clearly positive; (++) strongly positive.

A percentage score was assigned which represents the sum (as a per
centage of total cells) of cytoplasmic (+ and ++) reactivity. This scoring
procedure should be considered "semiquantitative." The approximate

percentage of reactive cells for malignant stomach tissues was scored
according to the number of carcinoma cells positive, divided by the
total number of carcinoma cells, and multiplied by 100. The percentage
of reactive cells for benign lesions was scored according to the number
of benign epithelial cells positive, divided by the total number of benign
epithelial cells and multiplied by 100. For normal gastric mucosa the
number of positive epithelial components was divided by the total
number of normal epithelial cells and multiplied by 100. For each
malignant, benign, or normal tissue more than 200 epithelial cells were
required for immunohistochemical analyses.

Statistics for Immunohistochemical Evaluation. The average percent
age of reactivity of MAb RAP-5 with gastric tissues are presented as
mean Â±SD. Results are compared by Wilcoxon rank sum test for
nonparametric methods (25).

Protein Extracts of Stomach Tissues. Tissues were homogenized for
3 min on ice in 10 mM Tris-HCl (pH 7.2) with 0.2 mM CaCl2 (10 g/
100 ml). The homogenate was subjected to pressure homogenization
using a cell disruption bomb (Parr Instrument Co., Moline, IL) for 10
min at 1000 Ib./in2 and then clarified at 2800 x g for 5 min. The

supernatant was sonicated on ice for 2 min with 15-s intervals (Branson
sonifier). The sonicate was then centrifuged at 9500 x g for 10 min.
The supernatant was assayed for ras p21 by solid-phase liquid compe
tition RIA. Protein concentration was determined by the method of
Lowry et al. (26).

Cells. v-Ha-3T3, line 568, is a Ha-MuSV-transformed NIH 3T3 cell
line (27). T24 human bladder carcinoma cell line, Hu-ra$-Ha-T24,
contains the point-mutated T24 human Ha-ras gene (28). The T24 cell
line was kindly provided by Dr. S. A. Aaronson, National Cancer
Institute, NIH, Bethesda, MD. ras p21 was purified to 90-95% ho
mogeneity from Escherichia coli strain (AR548) expressing the full-
length T24 mutant human Ha-ras p21 (recombinant ras p21 ) (29). This
pure recombinant ras p21 was kindly provided by Drs. T. Chao, M.
Gross, and R. Sweet (Smith Kline and French Laboratories, Philadel
phia, PA). Ki-MuSV-transformed NIH 3T3 (DT) cell line is known to
express Ki-ras p21 (30). The 568 and DT cell lines were kindly provided
by Dr. R. Bassin (National Cancer Institute, NIH, Bethesda, MD).
Human mammary carcinoma cell line MCF-7 has been shown to
express N-Â«wp21 (31).

Direct-binding Liquid Competition RIA for ras p21. Quantitative
immunoassays have been described in detail elsewhere (32). Briefly, 50
M!(10 Mg)of a protein extract of the v-Ha-transformed NIH 3T3 cell
line (568) were added to each well of 96-well polyvinyl chloride micro-
liter plates and allowed to dry overnight at 37Â°C(detection plate). To

minimize nonspecific protein adsorption, microtiter wells of the detec
tion plate and the reaction plate (a plate with no extract adsorbed to
wells) were treated with 50 M!of 5% BSA in PBS and incubated for 1
h at 37Â°C.The BSA was removed and the wells were washed once with
1% BSA in PBS. To each well of reaction plate, either 40 n\ of 125I-
labeled MAb Y13-259 (75,000 cpm), or 40 Ml of '"I-labeled MAb
MOPC-21 (75,000 cpm) diluted in PBS containing 1% BSA, 0.05%
Tween-20 (assay buffer) were added. '"I-labeled MAb MOPC-21 was

used as a negative control in this assay system. Either 40 //I of compet
itor antigen (diluted in assay buffer containing 0.02% Empigen) or
assay buffer containing 0.02% Empigen were then added to the reaction
plates containing 125I-labeIedMAb Y13-259, or MAb MOPC-21. The

final detergent concentration in each well was 0.05% Tween-20 and
0.01% Empigen. The reaction plates were incubated for l h at room
temperature. Aliquots (30 ^1) were then transferred from each well of
the reaction plate to the detection plate in duplicate. The detection
plates were incubated 16-18 h at 4Â°C.The wells were then washed
three times with assay buffer and cut from the plates. 125I-labeledMAb
Y13-259 IgG bound to the wells of the detection plates was measured
in a gamma counter. Percentage of IgG bound was determined by
dividing the average of the cpm bound to wells of the detection plate in
the presence of competitor antigen by the average of the cpm obtained
in the absence of competitor antigen multiplied by 100.

RESULTS

In Situ Hybridization of Adenocarcinomas and Nonneoplastic
Mucosae of the Stomach. The in situ hybridization analysis
consistently demonstrated c-Ha-raj RNA expression in all of
the eight stomach adenocarcinomas examined (Fig. 1, Table 1).
The labeling indices obtained were determined by counting the
number of silver grains in a 625-Mm2tumor area, divided by the

number of grains in a corresponding area of the negative control
pSP64 hybridized slide. These values indicated a marked het
erogeneous expression of c-Ha-ras DNA in different carcino
mas examined (Table 1). The c-Ha-ras labeling indices in ad
enocarcinomas varied from 2.0 to 18.4 (the average index was
11.2 Â±6.0). Four of eight tumors were strongly labeled with c-
Ha-ros RNA probe (labeling index, >10). There was no appar
ent correlation between the degree of differentiation or histo
lÃ³gica!subtype and the level of c-Ha-ras RNA expression, since
tumors with a high labeling index (>10) included both well and
poorly differentiated adenocarcinomas. These differences in c-
Ha-ras hybridization intensity were not related to differential
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c-Ha-roÃ p21 EXPRESSION IN STOMACH ADENOCARCINOMAS

Fig. I. A-E, RNA-RNA in situ hybridiza
tions of a stomach adcnocarcinoma using hu
man c-Ha-roi probe (A and B). c-Ki-ros probe
(O. c-N-ras probe (/>). and pSP64 negative
control probe (Â£).Note that the carcinoma
cells are strongly labeled with c-Ha-ras probe,
while no specific labeling with either c-Ki- or
c-N-rai probe is detected. (Original magnifi
cations: A. X 430; B-E, x 860). F, serial section
stained with Diff Quick. (Original magnifica
tion: x .130). G. RNA-RNA in situ hybridiza
tion of a normal gastric mucosa adjacent to
carcinoma using c-Ha-rai probe. Nonneoplas-
tic cells are labeled with c-Ha-ras probe, al
though the intensity is less than carcinoma
cells. (Original magnification: x 450).
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preservation of cellular RNAs in the tumor samples as dem
onstrated by the similar labeling indices obtained with the
ribosomal probe in cases having different c-Ha-rai labeling
indices (e.g., cases 4 and 6, Table 1). Epithelial cells from the
lower two thirds of nonneoplastic gastric glands also demon
strated slightly elevated c-Ha-ras RNA expression in the three
cases examined. Their labeling indices, ranging from 1.7 to 5.4
(the average index was 3.0 Â±1.7), were lower than those of
carcinomas except for one normal mucosa (i.e., case 10, Table
1), which was in the range of carcinomas with low labeling. No
evidence of expression of either c-Ki-ras or c-N-ras RNA was
detected in any adenocarcinoma or nonneoplastic mucosa spec
imen. The labeling indices obtained with either the c-Ki-ras or
the c-N-ras probe corresponded with or were less than those
obtained with the negative control pSP64 (Table 1).

To eliminate the possibility of a technical failure to obtain
hybridization with Ki-ras and N-ras probes, two human cell
lines (DT and MCF-7) were examined for positive controls for
Ki-ras and N-ras, respectively, using the same probes as de
scribed in "Materials and Methods." The DT cell line, a Ki-

MuSV-transformed derivative of the NIH 3T3 cell (30), dem
onstrated an elevated expression of c-Ki-ras p21. On the other
hand, MCF-7, a human mammary carcinoma cell line, dem
onstrated an elevated level of c-N-ras p21 (Table 1).

Immunohistochemical Reactivity of MAb RAP-5 with Aden-
ocarcinomas of the Stomach. A variety of formalin-fixed, par
affin-embedded gastric tumors were analyzed for expression of
ras p21 using MAb RAP-5 and immunohistochemical methods
(Fig. 2). As shown in Fig. 2/4, adenocarcinomas of the stomach
were reactive with MAb RAP-5, demonstrating a heterogeneous
expression of ras p21 among the tumors examined, as well as
within each individual tumor mass. Only one adenocarcinoma
was completely negative, and 36/44 (82%) demonstrated >25%
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Fig. 2. Percentage of cellular reactivities of MAb RAP-5 with malignant,
benign, and normal tissues of the stomach. Each symbol represents a different
individual. A, adenocarcinomas (â€¢)(mean Â±SD, 50.0 Â±26.4); B, benign lesions
(16.8 Â±17.5); dysplasias (O), nondysplasias (O); C. normal mucosae from patients
without carcinomas (D) (5.1 Â±6.9); /), normal mucosae from patients with gastric
carcinoma (A) (19.0 Â±12.7).

of carcinoma cells reactive with MAb RAP-5. Tubular adeno
carcinoma generally demonstrated cytoplasmic ras p21 expres
sion within carcinoma cells (Fig. 3A). MAb RAP-5 was also
reactive with signet ring cell carcinoma in the cytoplasm (which
is eccentrically over-distended by mucin), although it was not
reactive with the mucinous component (Fig. 3Ã„).

The cellular reactivity of MAb RAP-5 with gastric adenocar
cinomas was further analyzed in relation to the degree of
histological differentiation (Table 2). There was a slight indi
cation that signet ring cell carcinomas were less reactive with
MAb RAP-5 than moderately differentiated tubular adenocar
cinomas (P = 0.1, by Wilcoxon rank sum test). However, no
strict correlation between the cellular reactivity with MAb RAP-
5 and the degree of differentiation or histological subtype was
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c-Ha-i-flj p21 EXPRESSION IN STOMACH ADENOCARCINOMAS

Fig. 3. Immunohistochemical staining of
MAb RAP-5 with formalin-fixed, paraffin-em
bedded tissue sections of the stomach. Coun-
terstained with hematoxylin. A, well-differen
tiated adenocarcinoma showing cytoplasmic
staining (x330); B, signet ring cell carcinoma.
The cytoplasm eccentrically over-distended by
mucin is reactive with MAb RAP-5, but the
mucin component is not reactive (X430); C,
dysplasia. Note that atypical glands character
ized by abnormal differentiation of tubules and
disorganized mucosal architecture are reactive
with MAb RAP-5 x80); D, normal gastric
mucosa. Parietal cells (arrows) are occasionally
reactive with MAb RAP-5 (X130).
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Table 2 MAb RAP-5 reactivity with adenocarcinomas of the stomach in relation
to the degree of differentiation

Differentiation
ofcarcinomaWell-differentiated

tubular adenocar
cinomas

Moderately differentiated tubular ad
enocarcinomas

Poorly differentiated adenocarcino
mas

Signet ring cell carcinomasNumber

of specimens
examined12Â°

11

13

8Average

percentage of
reactivity with
MAbRAP-547.0

Â±25.8*

58.1 Â±25.4

54.2 Â±27.7

37.5 Â±26.5C

Â°Specimens from different individuals.
* Mean Â±SD.
' Differs from moderately differentiated tubular adenocarcinomas (P = 0.1).

Table 3 MAb RAP-5 reactivity with adenocarcinomas of the stomach in relation
to the degree of invasion

Depth
of carcinoma

invasionMucosa

Submucosa
Muscularis propria
Subserosa
SerosaNumber

of specimens
examined11Â°

7
10
97Average

percentage of
reactivity with
MAbRAP-529.9

Â±22.6*

40.7 Â±18.5
61.0 Â±23.5'-''
58.3Â±23.0f-/
65.0Â±29.3Cl/

Â°Specimens from different individuals.
* Mean Â±SD.
' Differs from carcinoma cells involving mucosa (P < 0.02).

Differs from carcinoma cells involving submucosa (P < 0.1).
' Differs from carcinoma cells involving mucosa (P = 0.02).
^Differs from carcinoma cells involving submucosa (P = 0.1).

found for adenocarcinomas of the stomach (P > 0.1).
The reactivity of MAb RAP-5 with carcinomas was also

analyzed in relation to the degree of tumor invasion (Table 3).
Carcinomas with invasion to the muscularis propria, subserosa,
and serosa were more reactive with MAb RAP-5 than superfi
cial carcinomas involving the mucosa (P < 0.01), or carcinomas
involving the submucosa (P < 0.1). There was no striking
difference in the average percentage of reactivity, however,

between carcinomas infiltrating to the muscularis propria, sub
serosa, and serosa (P > 0.1).

Immunohistochemical Reactivity of MAb RAP-5 with Benign
Lesions of the Stomach. The percentage of cellular reactivities
of MAb RAP-5 with benign gastric lesions are shown in Fig.
2B. The average reactivity with these benign lesions was signif
icantly lower than that with carcinomas (P < 0.01). Five of 14
tissues (35%) demonstrated >25% of epithelial cells reactive
with MAb RAP-5. Of these tissues, four were histologically
diagnosed as dysplastic lesions, while the other was a hyper-
plastic polyp with chronic inflammation. The reactivity of MAb
RAP-5 with dysplastic tissue was significantly (P< 0.01) higher

than that of nondysplastic lesions (Fig. 2B). Dysplastic epithe
lium reactive with MAb RAP-5 was characterized by cellular
atypia, abnormal differentiation, and disorganized mucosal ar
chitecture (Fig. 3Q.

Immunohistochemical Reactivity of MAb RAP-5 with Normal
Mucosae of the Stomach. Normal mucosae of the stomach from
11 patients without evidence of carcinoma (Fig. 1C) and from
11 patients with adenocarcinoma of the stomach (Fig. 2D) were
examined for their reactivity with MAb RAP-5. Although none
of the normal mucosae from patients without carcinoma dem
onstrated > 25% epithelial cells reactive, seven tissues were
reactive with MAb RAP-5 (at least one cell positive). Generally,
parietal cells showed reactivity with MAb RAP-5, but chief
cells and mucous cells did not (Fig. 3D). Parietal cells of normal
mucosa were also reactive with MAb Y13-259. Normal appear
ing mucosae taken from patients with carcinoma, in contrast,
were more reactive with MAb RAP-5 than those from patients
without carcinoma (P < 0.02). Parietal cells as well as chief
cells adjacent to carcinomas occasionally showed positive cy
toplasmic staining. Nonepithelial cells such as smooth muscle,
macrophages, and neutrophils were occasionally weakly reac
tive with MAbs RAP-5 and Y13-259.

Quantitation of ras p21 in Adenocarcinomas and Normal Mu
cosae by Liquid Competition RIA. To determine the presence
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and quantitative levels of ras p21 in stomach tissues, protein
extracts of malignant and normal stomach biopsy materials
were used as competitor antigens in the liquid competition RIA.
Using as a standard the competition curve generated by pure
recombinant ras p21, it was possible to quantitate ras p21 levels
in terms of picograms of ras p21 per microgram of protein.
Fig. 4 shows reactivity of a lysate of E. coli containing recom
binant Hu-ras T24 p21, Ha-transformed NIH 3T3 cells (568),
and some of the gastric tissue extracts, in a liquid competition
RIA using MAb Y13-259. Absolute amounts of ras p21 (pg
p21//ig protein) were determined based on the amount of ex
tract protein required for 50% competition. As shown in Table
4, extracts of the adenocarcinomas contained ras p21 ranging
from 38.8 to 90.5 pg p21//ng protein, while extracts of the
normal mucosae taken from patients with carcinoma expressed
ras p21 ranging from 13.8 to 36.2 pg p21//ig protein. There
was a significant difference in levels of ras p21 expression
between tissue extracts of adenocarcinomas and normal mu
cosae (P < 0.01 ). The levels of ras p21 from three tissue extracts

100

80

o
z

40

20

-1 1

LOG COMPETITOR PROTEIN Ing)

Fig. 4. Reactivity of recombinant ras p21, mammalian cells, and gastric tissues
in liquid competition RIA for ras p21. MAb Y13-259 was used to precipitate
decreasing amounts of the following competitors: recombinant l IMn/s T24 p21
(â€¢),protein extract of v-Ha-3T3 (A), protein extracts of gastric adenocarcinomas
(T and â€¢),protein extracts of normal mucosae (O and O). The extract of normal
mucosa (O) was taken from a patient with adenocarcinoma (â€¢).The extract of
normal mucosa (D) was from a patient with early gastric carcinoma. Unbound
MAb Y13-259 was detected using 10 ^g of a protein extract of v-Ha-3T3.

Table 4 QuantitÃ¤ten ofrasp21 by liquid competition RIA"

Sample pg raÃp21 /ng protein

Recombinant ras p21
Recombinant c-Ha-ras T24 36,364.0

Mammalian cells
v-Ha-3T3 (line 568) 342.0

Gastric tissues
Adenocarcinoma ( 1)* 90.5

Normal mucosa adjacent to carcinoma ( 1) 34.7
Adenocarcinoma (2) 38.8
Normal mucosa adjacent to carcinoma (2) 13.8
Adenocarcinoma (3) 53.3
Normal mucosa adjacent to carcinoma (3) 27.0
Adenocarcinoma (4) 59.3
Adenocarcinoma (5) 44.9
Adenocarcinoma (6) 44.1
Adenocarcinoma (7) 54.2
Adenocarcinoma (8) 64.1
Adenocarcinoma (9) 69.0
Normal mucosa adjacent to early gastric 36.2

adenocarcinoma (10)
Normal mucosa adjacent to early gastric 23.5

adenocarcinoma (11)
" Absolute amounts of ras p21 were calculated based on the amount of extract

protein required for 50% competition in the liquid competition RIA, using a
purified ras p21 as a standard.

* Numbers in parentheses, patient number.

of adenocarcinomas were compared with those of normal mu
cosae from the same patients (Table 4; patient numbers 1, 2,
and 3). Approximately 2-3-fold more ras p21 was detected in
these adenocarcinomas than in the respective normal mucosa.

Comparison of ras p21 Evaluation by Immunohistochemistry
and Liquid Competition RIA. To determine if a correlation
existed between ras p21 levels determined by liquid competition
RIA and immunohistochemical analyses, both methods were
utilized to evaluate ras p21 expression in the same tissue
specimens. Immunohistochemical assays using both MAbs
RAP-5 and Y13-259 were performed on formalin-fixed, paraf
fin-embedded tissue sections from four adenocarcinomas and
one normal mucosa of the stomach which were also analyzed
for quantitative levels of ras p21 by liquid competition RIA
(Table 5). Although the percentage of positive cells as detected
by MAb RAP-5 with these tissues was different somewhat
(MAb RAP-5 was more reactive) from that obtained using
MAb Y13-259, the staining patterns and anatomical location
of immunoreactivity were almost identical at the single cell
level. As shown in Table 5, the quantitative levels of ras p21
generated by RIA generally correlated with the percentage of
reactive cells obtained by immunohistochemical assays.

DISCUSSION

Enhanced expression of c-ras genes has been demonstrated
in certain human tumors utilizing immunohistochemical tech
niques (17-19), and Western blotting analyses (33, 34), sug
gesting that increased amounts of c-ras p21 may alter the
regulatory controls of cell transformation. Furthermore, eleva
tion of c-Ha-ras RNA in a variety of human tumors has been
demonstrated using dot-blot hybridization techniques (35, 36).
We have examined expression of c-ras RNA in adenocarcino
mas and normal mucosae of the stomach by in situ hybridization
technique using RNA probes specific for c-Ha-, c-Ki-, or c-N-
ras RNA. In fact, under the conditions of assay used, in situ
hybridization allows a precise differential identification of tran
scripts of the three c-ras protooncogenes, thus answering a
question which cannot be addressed by immunoassays using
any anti-ras p21 MAbs currently available. The results obtained
by in situ hybridization clearly indicate that c-Ha-ras is the c-
ras actively transcribed in stomach adenocarcinomas. Therefore
the identity of the immunoreactivity detected in this study is c-
Ha-ras p21.

Table 5 Comparison of ras p2Ã¬expression by immunohistochemical assays and
liquid competition RIA

Adenocarcinomasof
the stomachImmunohistochemicalassays

(percentageof
reactivecells)MAb

RAP-5 MAb Y 13-259LiquidcompetitionRIA(Pgp21/Mg

protein)M

Ab Y 13-259

Poorly differentiated ade- 85
nocarcinoma with sig
net ring cell carcinoma
(0Â°

Well-differentiated tubu- 70
lar adenocarcinoma (2)

Signet ring cell carci- 40
noma with poorly dif
ferentiated adenocarci
noma (3)

Moderately differentiated 50
tubular adenocarci
noma (4)

Normal mucosa adjacent 10
to carcinoma (5)

60

50

30

40

10

69.0

64.1

54.2

44.1

23.5

' Number in parentheses, patient number.
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The use of MAb RAP-5 on formalin-fixed, paraffin-em
bedded tissue sections with immunohistochemical techniques
allows the qualitative definition of levels of ras p21 expression
in a spectrum of malignant, benign and normal tissues at the
single cell level. MAb Y13-259 has been utilized in liquid
competition RIA using tissue extracts to quantitate levels of c-
Ha-ras p21 in malignant and normal tissues of the stomach.
Our immunohistochemical results have shown that adenocar-
cinomas of the stomach are more reactive with MAb RAP-5
than benign and normal tissues, with the majority of carcinomas
demonstrating enhanced expression of ras p21. The RIA results
also showed that levels of ras p21 in extracts of stomach
adenocarcinomas were higher than those from extracts of their
normal counterparts. These results, which demonstrate signif
icantly higher levels of ras p21 and c-Ha-ras transcripts in
adenocarcinomas of the stomach in comparison to normal and/
or benign gastric tissues, suggest that an increase in the expres
sion of c-Ha-ras p21 may be associated with gastric adenocar-

cinoma.
Ina recent study, it was observed that cells of poorly differ

entiated carcinomas showed a tendency to react less frequently
and less intensely with anti-ras p21 MAb (11). The expression
of ras p21 has also been compared in the study reported here
to the degree of tumor differentiation and depth of invasion.
Although carcinomas of the signet ring cell type tended to be
less reactive with MAb RAP-5, there was no statistically signif
icant relationship between the degree of tumor differentiation
or histological cell type and the levels of ras p21 expression
using either immunohistochemical or RIA analysis. This is
consistent with the result obtained by in situ hybridization; the
labeling indices of c-Ha-ras RNA varied in different tumors,
and strongly elevated expression of c-Ha-ras RNA was detected
in both poorly and well-differentiated carcinomas.

The immunohistochemical methods reported here reveal that
tumors which invaded into the muscularis propria, subserosa,
and serosa generally demonstrated higher levels of ras p21 than
tumors which were confined within the mucosa or submucosa.
Carcinomas of the stomach involving the mucosa and submu
cosa have been considered early carcinomas, and carcinomas
infiltrating to the muscularis propria, subserosa, and serosa
have been considered advanced carcinomas with a statistically
worse prognosis (37, 38). The data reported here suggest that
c-Ha-ras p21 expression may be enhanced in advanced carci
nomas of the stomach. There was no difference in ras p21
expression, however, among the advanced carcinomas in rela
tion to tumor invasion to the muscularis propria, subserosa, or
serosa, suggesting that in the advanced carcinomas the contin
uous expression of c-Ha-ras p21 is not necessary for the trans

formed phenotype of gastric epithelium.
Benign lesions and normal mucosae of the stomach were also

examined for ras p21 expression. Although some of the benign
lesions were reactive with MAb RAP-5, the percentage of
cellular reactivity was much less than that observed in carcino
mas. It is of particular interest that dysplastic lesions generally
demonstrated stronger reactivity with MAb RAP-5 than non-
dysplastic tissues. Stomach dysplasia has been considered pre-
cancerous from several histopathological studies (39-41). Tak-
ahashi and Iwama (41) demonstrated that the three-dimen
sional architecture of atypical tubules in gastric adenoma was
similar to that of well-differentiated adenocarcinoma. All of
three normal mucosae adjacent to carcinoma demonstrated
slightly enhanced expression of c-Ha-ras RNA by in situ hy
bridization. However, the quantitative level (labeling index) of
c-Ha-ras RNA was lower than that obtained from carcinoma.

Immunoassays using anti-ras p21 antibodies also demonstrated
much less reactivity of normal mucosae compared to reactivity
of carcinomas. It is also interesting to note that normal mucosae
from patients with stomach adenocarcinoma demonstrated
higher levels of ras p21 than those from patients without
evidence of carcinoma by immunohistochemical assay. In pre
vious studies, we have also found elevated levels of ras p21 in
normal-appearing mammary glands adjacent to invasive ductal
carcinomas (19).

Utilizing liquid competition RIA with MAb Y13-259, we
obtained quantitative levels of ras p21 in extracts of normal
gastric mucosa ranging from 13.8 to 36.2 pg p21/Vg protein.
Because parietal cells of normal mucosa reacted with MAbs
RAP-5 and Y13-259 using immunohistochemistry, one must
consider that the I25l-labeled MAb Y13-259 was also recogniz

ing the ras p21 in parietal cells in tissue extracts from normal
mucosa. It is also possible that normal stomach epithelium
adjacent to carcinoma may be more reactive with '"I-labeled
MAb Y13-259, since normal epithelium from patients with
adenocarcinoma of the stomach demonstrated slightly en
hanced expression of c-Ha-ras p21 using in situ hybridization
and immunohistochemical assays.

In conclusion, advanced carcinomas of the stomach demon
strated elevated levels of c-Ha-ras p21 expression, with gener
ally decreasing expression in early stage of stomach carcinomas,
dysplastic lesions, and nonneoplastic lesions adjacent to carci
noma, respectively. Our results demonstrate the complemen
tarity of two types of immunoassays using anti-ras p21 MAbs
and in situ hybridization to define that transformation of the
stomach mucosa from the benign to the malignant phenotype
is associated with an increase in c-Ha-ras p21 expression.
Future studies, most likely defining the levels of expression of
other protooncogenes and oncogenes, will obviously be neces
sary to further define the etiology of stomach carcinoma.
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