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ABSTRACT

The rat fibroblast cell line Rat 1 was transfected with total DNA of a
gastrocarcinonta cell line, BGC-823. The transforming gene was cloned
from the genomic library of the secondary transformants using in situ
hybridization with a probe of the human Alu repeat sequence. This cloned
gene is homologous to the protooncogene c-Ha-nw. The activation lesion
of the transforming gene was identified by sequence analysis as a single
nucleotide substitution of thymine for guanine in the 12th codon. This
results in the substitution of valine for glycine at the 12th amino acid of
the M, 21,000 protein.

INTRODUCTION

DNA transfection has been used to identify the transforming
genes from human tumors and tumor cell lines (1-4). A number
of oncogenes were identified and cloned, such as Ha-ras (5-
10), Ki-ras (11-16), N-ras (15, 17, 18), B-lym (19), oncD (20),
met (21), and mei (22), from a variety of tumors, tumor cell
lines, or induced tumor cell lines.

In this paper, we report that a transforming gene was cloned
from a secondary focus of rat fibroblast cell line Rat 1, which
was transfected with the high molecular weight DNA of a
gastrocarcinoma cell line, BGC-823. The transforming gene is
the alÃeleof protooncogene c-Ha-ras and the activation mech
anism is the point mutation in the 12th codon, which leads to
the substitution of valine for glycine at the 12th amino acid of
M, 21,000 protein.

MATERIALS AND METHODS

Cells. Gastrocarcinoma cell lines BGC-823, PACM-82, and MGC
80-3 were obtained from Y. Cai (People's Hospital, Beijing Medical

College), S. Li (Stomatological Hospital, Beijing Medical College), and
K. Wang (Shandong Teacher's University), respectively. The cell line

BGC-823 was established in 1984 through 60 passages of cell culture
in the period of 2 years from a surgical specimen of a stomach cancer
patient which was diagnosed as low differentiated adenocarcinoma by
the pathologist. The established BGC-823 cell line was passaged each
4 days with the characters of epithelial cells and showed a strong ability
to develop tumors after injection into nude mice. Rat fibroblast cell
line Rat 1 was the gift of R. A. Weinberg (MIT), and the mouse
fibroblast cell line NIH 3T3 was from E. Racker (Cornell).

Plasmids. The plasmids pbc-Nl (c-Ha-raj), pHiHi-3 (v-Ki-ras), pAT
8.8 (N-ras), phc-myc (c-myc), and pBLURS (human Alu repeat se
quence) were generously provided by M. Barbacid (NCI-Frederick Can
cer Research Facility), R. W. Ellis (Merck Sharp and Dohme Research
Laboratories), A. Hall (Royal Cancer Hospital, London), and R. A.
Weinberg, respectively.

DNA Transfection. Rat 1 or NIH 3T3 cells (3 x IO6cells each) were

transfected with 75 /jg of DNAs from stomach cancer cell lines or
tissues by the calcium phosphate precipitation method (5, 23, 24).
Fourteen days after the transfection, the foci of the morphologically
transformed cells were trypsinized in cloning cylinders and transferred
to microtiter wells or plates for the cells to amplify. The transformed
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cells were transplanted into 0.35% of low melting point agarose to test
the ability to grow in soft agar (25). About 1.5 x IO6cells of either the

transformants or the normal Rat 1, NIH 3T3 cells were injected s.c.
into 30-day-old nude mice to test the tumorigenesis of the cells from
the foci (26).

Southern Transfer and Hybridization. DNA samples were completely
digested with restriction endonuclease EcoRl or BamHl, subjected to
electrophoresis in 0.8% agarose gel, and transferred to nitrocellulose
Filters (Schleicher and Scimeli) according to the method of Southern
(27). The filters were hybridized with "P-labeled probes overnight at
42*C in 50% formamide-0.9 MNaCI-0.09 Msodium citrate-0.5% SDS3-

0.1% Ficoll-0.1% polyvinylpyrrolidone-0.1 % bovine serum albumin
100 Mg/ml denatured salmon sperm DNA. If hybridization was carried
out with the probe of human Alu sequence, denatured rat or mouse
liver DNAs were added to the mixture to a final concentration of 1 ng/
ml to compete with human Alu sequence in hybridizing DNAs of the
Rat 1 or NIH 3T3-derived transformants. After hybridization, the filters
were washed with 2x SSC-0.1% SDS at room temperature and with
0.2x SSC-0.1% SDS at 68Â°C(stringent condition) or with 2x SSC-
0.1% SDS at room temperature and with 0.2x SSC-0.1% SDS at 42'C

(less stringent condition).
Cloning of the Transforming Gene. DNA from one of the secondary

foci was partially digested with restriction endonuclease Â«</mlII,and
the 15-20-kilobase pair fragments from the partial digestion were
ligated to the BamHl/EcoRl double digested Xbacteriophage EMBL 3
DNA (28). After in vitro packaging (29, 30), the recombinant phages
were used to transform Escherichia coli K 802 (hsdR*, hsdM*, gal~,

mot . supE), and thus the genomic library was constructed. The human
sequence-containing plaques were obtained by three rounds of screening
of the 10' plaques of the library with human Alu sequence probe.

DNA Sequence Analysis. DNA from one of the positive clones after
the third round screening was digested with the restriction enzyme Pstl
and fractionated by electrophoresis through 4% polyacrylamide gel.
The DNA fragments to be sequenced were eluted from the gel by
electroelution and ligated to ftrl-digested, double stranded M I imp 10
DNA. The competent cells ofE. coli JM103 [Â¿(lacpro), thi, strA, supE,
endA, sbcB, hsdR', F'traD36, proAB, lad", Z\M15] were transformed

with the recombinant phage DNAs and grown in X-gal-containing
medium. The single stranded DNAs in the white plaques, which were
further identified by in situ hybridization with c-Ha-ros probe, were
amplified, extracted with phenol/chloroform, and sequenced by using
the dideoxynucleotide chain termination procedure (31, 32).

RESULTS

Identification of the Transforming Gene. Rat 1 and NIH 3T3
cells were transfected with high molecular weight DNAs from
gastrocarcinoma cell lines BGC-823, PACM-82, and MGC 80-
3 and stomach cancer tissues of different patients. We found
that for these DNA samples, DNA from BGC-823 showed the
highest transforming potency; the efficiencies for BGC-823,
PACM-82, MGC 80-3, and tumors from two patients were
0.17, 0.14, 0.05, 0.02, and 0.04 foci/Vg DNA, respectively,
while that of the negative control was 0.02 foci/jig DNA. Thus
we focused our work on BGC-823 DNA transfection. DNAs
from the primary foci were used to transfect Rat 1 and NIH
3T3 cells. The transforming efficiencies of the secondary trans-

5The abbreviations used are: SDS, sodium dodecyl sulfate, SSC, standard
saline citrate (0.15 M NaCI-0.015 M sodium citrate).

3195

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2427849/cr0470123195.pdf by guest on 19 M

ay 2023



ACTIVATED c-Ha-ras ONCOGENE

fection were much higher (0.35-0.77 foci/^g DNA) than those
of the first. The transforming phenotypes of both the primary
foci and the secondary foci were tested by soft agar growth
assay and tumorigenesis of the nude mice. DNAs from four Rat
1-derived secondary foci, which showed transforming charac
ters in soft agar growth assay and tumorigenesis of the nude
mice, were digested with restriction endonuclease EcoRl,
Southern transferred, and hybridized with Alu sequence as
described above. Fig. \A shows the pattern of the hybridization
of DNA samples from four secondary foci. Rat 3-1, Rat 3-2,
Rat 3-3, and Rat 3-4. It showed that all of them retained their
human DNA sequence and one of the foci, Rat 3-3, kept a
single band after hybridization. Therefore only one or a few
DNA fragments were incorporated into the genome. Rate 3-3
DNA was then digested with BamHl and subjected to Southern
analysis with a c-Ha-ras probe (Fig. IB). The result showed
that after digestion with BamHl, both Rat 3-3 and BGC-823
DNA could be hybridized with the probe at the position of 6.6
kilobase pairs, while Rat 1 DNA did not have the c-Ha-ras
fragment at this position. Thus, we presumed that the trans
forming gene of BGC-823, which has the ability to transform
Rat 1, is homologous to protooncogene c-Ha-ras. When DNA
samples from the secondary foci were hybridized with the
probes of v-Ki-rai, N-ros, and c-myc, no extra bands were
detected (data not presented here).

Molecular Cloning of the Transforming Gene. Rat 3-3 DNA
was partially digested with BamHl and ligated to EMBL 3
DNA. After in vitro packaging, the packaging efficiency was
titered as 1.3 x IO6 plaque forming units/Vg DNA, and IO6

plaques were screened with human Alu sequence as the probe.
Two clones, X 120 and X 151, were obtained, which could

hybridize with not only human-specific DNA sequence but also
c-Ha-ras probe in further experiments. DNAs were extracted

from these two plaques, digested with restriction enzyme
BamHl, and subjected to agarose gel electrophoresis. Fig. 2A
shows the electrophoresis patterns of X 120 and X 151 DNAs
digested with BamHl. It is clear that X 120 contains 8.6-, 6.6-,
and 2.5-kilobase pair fragments, while X 151 contains 6.6- and
6.2-kilobase pair fragments. After these fragments were blotted
and hybridized with c-Ha-ra5, only 6.6-kilobase pair fragments
showed autoradiographic bands (Fig. 2B). In another assay,
when these fragments were hybridized with human Alu probe,
8.6- and 2.5-kilobase pair fragments of X 120 and 6.2-kilobase
pair fragments of X 151 showed autoradiographic bands, while
6.6-kilobase pair fragments of both X 120 and X 151 did not
(data not shown). Through partial digestion, the order of these
four BamHl fragments were determined. Fig. 2C shows the
alignment of these fragments in the genome of Rat 3-3 and the
cloning spans of X 120 and X 151.

The 6.6-kilobase pair fragment from X 120 was subcloned
into pBR322, and the recombinant plasmid was designated as
pGC6.6. When 1 Mgof pGC6.6 DNA and 74 Mgof calf thymus
DNA were used to transfect Rat 1 cells, 60 foci/dish were
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Fig. l. Detection of human Alu repeat sequence and c-Ha-ras in the secondary
foci of Rat 1. In I. 10 Mg of DNA samples from BGC-823 and Rat 1 and
secondary foci of Rat 3-1. Rat 3-2. Rat 3-3, and Rat 3-4 were digested with
restriction endonuclease EcoRl, fractionated by electrophoresis in 0.8% agarose
gel. Southern transferred, and hybridized with human Alu probe. The probe was
labeled by nick translation to 10* cpm/jig DNA. Hybridization was carried out
under less stringent conditions. In I!, 20 t'K of DNA samples from BGC-823, Rat
1, and Rat 3-3 were digested with restriction endonuclease BamHl and analyzed
by electrophoresis. Southern transfer, and hybridization with 6.6-kilobase pair
//Â«/Â»I(Ifragment of c-Ha-ras as probe. Hybridization was carried out under
stringent conditions, kh. kilobase.
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Fig. 2. Comparison of the BamHl fragments of X 120 and X 151. In A, 2 Â»ig
of DNAs from X 120 and X 151 were cut with BamHl and subjected to electro
phoresis in 0.8% agarose gel. In //. DNA fragments in I were Southern analyzed
with c-Ha-ras probe under stringent conditions. C, alignment of the BamHl
fragments in the Rat 3-3 genome and the cloning areas of X 120 and X 151.
Arrows, recognition sites of BamHl. H, fragments containing human Alu repeat
sequence, kb, kilobase.
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Fig. 3. Procedure for sequencing Pst\ 371-base pair (bp) and Pstl 299-base
pair fragments. In A, 20 *igof X 120 DNA were digested with Pstl and subjected
to electrophoresis in 4% polyacrylamide gel. B, strategy for sequencing Pstl 371-
base pair and Pstl 299-base pair fragments. Ã‰3,first and the second exons of c-
Ha-roj. Arrows, sequencing ranges and directions.

N TCAGATGGCCCTGCCAGCAGCTGCCCTGTGGGGCCTGG6GCTGGGCCTGGGCCT
c TCAGATGGCCCTGCCAGCACCTGCCCTGTGGGGCCTGGOGCTGGGCCTGGGCCT

N GGCTGAGCAGGGCCCTCCTTGGCAGGTGGGGCAGGAGACCCTGTAGGAGGACC
L Â¿Ã”CTGA6CA6Ã”6CCC7CCTTGGCAGGTGGGGCAGGAGACCCTGTAGGAGGACC

MetThrGluTyrLys LeuValVal
N CCGGGCCGCAGGCCCTTGAGGAGC6ATGACGGAATATAAGCTG6TGGTG
C CCGGGCCGCAGGCCCÃ‡JGAGGAGCGATGACGGAATATAAGCTGGTGGTG

MetThrGluTyrLysLeuValVal

ValGlyAlaGlyGlyValG'yLysSe'AiaLeuThrIleGinLeu
N GTGGGCGCCGGCGGTGTGGGCAAGAGTGCGCTGACCATCCAGCTG
C GTGGGCGCCGK GGTGTGGGCAAGAGTGCGCTGACCATCCAGCTG

ValGlyAlayalGlyValGlyLysSerAlaLeuThrIleGinLeu

He Gin Asn His PheVal Asp Glu Tyr Asp Pro Thr lie Glu
N ATCCAGAACCATTTT GTGGACGAATACGACCCCACTATA GAGGTGA
C ATCCAGAACCATTTT GTGGACGAATACGACCCCACTATA GAGGTGA

Ile Gin Asn His PheVal Asp Glu Tyr Asp Pro Thr lie Glu.

N GCCTGGCGCCGCCGTCCAGGTGCCAGCAGCTGCTGCGGGCGAGCCCAGGACACA
C GCCTGGCGCCGCCGTCCAGGTGlCAÃ¹CAÃ¹ti M. IbCGGGCuAGCCCAGGACACA

Fig. 4. Comparison of the sequences of Pstl 371-base pair fragments of the
transforming gene and nontransforming c-Ha-ras. N, nontransforming c-Ha-ror,
C transforming gene from stomach cancer cell line BGC-823. The mutated
nucleotides and amino acid are underlined.

formed. The efficiency was 480 foci//Â¿gDNA, about 2800 times
higher than that in the primary transfection. This indicates that
the cloned oncogene has much stronger potency in transforming
fibroblast cells than the genomic DNA from the gastrocarci
noma cell line BGC-823.

DNA Sequence Analysis of the Transforming Gene. As indi
cated by several scientists earlier, the mechanisms of c-Ha-ras
activation are point mutations at either the 12th or the 61st
codon (9, 10, 33, 34). We concentrated our work to sequence
the first and second exons and their flanking regions, in which
the 12th and the 61st codons are located.

DNA of X 120 was digested with Pstl and the fragments were
separated by electrophoresis (Fig. 3/1). From the data on the
DNA sequence of c-Ha-ras (35, 36), we knew that the first and
second exons are in Pstl 371-base pair and Pstl 299-base pair
fragments, respectively. These two fragments were eluted from
the gel and cloned into M13mplO DNA. Several plaques were
screened by the lac'/, expression assay and in situ hybridization

with c-Ha-ras probe after the transformation of JM103. Single
stranded DNAs from different plaques were subjected to se
quence analysis. Fig. 3Ã„is the strategy for sequencing these

two fragments from both directions. Fig. 4 is the nucleotide
sequence of the Pstl 371-base pair fragment of the transforming
gene compared with nontransforming c-Ha-ras in the same
area. It is obvious that these two sequences are very similar
except two places. The first one is at the 10th nucleotide
upstream from the beginning of the reading frame. As pointed
by Reddy (35) and Capon et al. (36) that this difference comes
from polymorphism of the gene only and it does not produce
any impact on the activation of the gene. The second mutation
point is located at the 12th codon, it changes the codon GGC
of the protooncogene c-Ha-ras to codon GTC of the transform
ing Ha-ras and leads to the alteration from glycine at the 12th
amino acid of M, 21,000 protein in the normal cells to valine
in the stomach cancer cells. The Pstl 299-base pair fragment,
in which the 61st codon is located, was sequenced as mentioned
above. No difference exists between nontransforming c-Ha-ras

and the transforming gene.

DISCUSSION

Gastrocarcinoma is the malignant tumor with the highest
incidence in China, Japan, and some countries in Europe. Thus,
it becomes an important work for these countries to understand
the mechanisms of carcinogenesis of stomach cancer at the
molecular level. In this report, we showed that the activated
form of protooncogene c-Ha-ras had been cloned from a gas
trocarcinoma cell line BGC-823. Since this oncogene contains
a quanine to thymine transversion at the 12th codon, we con
cluded that the point mutation at the 12th codon is at least one
of the forms of c-Ha-ras activation in this stomach cancer cell
line. Besides, the cloning of another oncogene, c-raf-l, from
stomach cancer was also reported (37). Furthermore, the am
plification of c-myc (38), c-erbB-2 (39), and c-Ha-ras4 and
elevated expression of c-Ha-ras5 and c-erbB-2 (39) were also

found in solid tumors or cell lines of gastrocarcinoma. More
data are necessary to illustrate all the changes of oncogenes
during the entire process of carcinogenesis of stomach cancer.
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