
[CANCER RESEARCH 47, 4192-4198. August 1. 1987]

Amplification and Enhanced Expression of the c-Ki-ra$2 Protooncogene in Human

Embryonal Carcinomas
Lai-che Wang, William Vass, Changue Gao, and Kenneth S. S. Chang1

Laboratory of Cellular Oncology. National Cancer Institute, Belhesda, M D 20892

ABSTRACT

Two cell lines of human embryonal carcinoma, Tera-1 and Tera-2,
have been found to exhibit a 4- to 6-fold amplification of protooncogene
c-Ki-ras2. The polyadenylic acid selected RNA also showed 8-fold or
greater enhancement, showing marked elevation in the level of two major
mRNAs, 5.7 and 4.0 kilobases, and two additional minor mRNAs, 2.3
and 1.2 kilobases, as compared with those of a normal human embryonic
fibroblast cell line, MRC-5. More than one-half of the number of tumor
samples obtained from metastatic human embryonal carcinomas also
showed c-Ki-r</.v2gene amplification and enhanced mRNA expression.
However, the c-Ki-ius2 gene amplification did not always lead to en
hanced mRNA expression, and some embryonal carcinomas showed
mRNA overexpression without apparent c-Ki-rÂ«w2gene amplification.
These results suggest that human embryonal carcinomas may have c-Ki-
ras2 amplification and/or overexpression before in vitro culture. Among
various chromosomal changes observed in Tera-1 and Tera-2 cells, there
were anomalies in chromosome 12 in which c-Ki-ro$2 is located although
these karyological changes alone could not account for the amplification
observed. It is suggested that the genomic instability and active DNA
replication during the early developmental period may give rise to changes
involving c-Ki-ras2 which may contribute to oncogenic processes.

INTRODUCTION

Most members of cellular oncogenes have been identified
experimentally by the homology of their nucleotide sequences
to those of acutely transforming retroviral oncogenes. The
normal cellular oncogenes (protooncogenes, c-onc), which are
considered to be normal cellular progenitors of viral oncogenes
(v-onc), apparently served as targets for genetic transduction by
retroviruses.

In recent years, major research efforts have focused on elu
cidating the roles of cellular oncogenes in normal as well as
neoplastic cells. It has been suggested that amplification and
overexpression of cellular oncogenes contribute to tumorigen-
esis, tumor progression, or both (1). Point mutations, promotor
insertion mutagenesis, and chromosomal translocations of cel
lular oncogenes have also been demonstrated to play important
roles in oncogenesis.

Gene amplification has been associated with differentiation
and development in oogÃ©nesisof lower vertebrates but has not
been associated with development in mammals (2).

Amplification of a number of human cellular oncogenes has
been described: c-myc in a promyelocytic leukemia cell line,
HL60 (3, 4), malignant neuroendocrine cells from a colon
carcinoma (S), small cell lung carcinoma cell lines (variants)
(6), a stomach cancer passaged in nude mice (7), and mammary
carcinoma cell lines (8, 9); c-N-myc in neuroblastoma cell lines
and tumors (10-13), a retinoblastoma cell line and tumors (11,
14, 15), and small cell lung carcinoma cell lines and tumors
(16); c-abl in a chronic myeloid leukemia cell line, K.562 (17);
c-myb in colon carcinoma cell lines (18), and an acute myeloid
leukemia (19); c-Ha-rasl in a bladder carcinoma (20); c-K.i-ras2
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in a giant cell lung carcinoma (21), an epidermoid lung carci
noma (22), and primary carcinomas of lung, colon, bladder,
and rectum (1); N-ras in a mammary carcinoma cell line, MCF7
(1); c-erbBl in an epidermoid carcinoma (23) and glioblastomas
(24); and c-erbB2 in a mammary carcinoma (25) and a salivary
gland adenocarcinoma (26).

In this report, we describe an amplification and overexpres
sion of c-Ki-ras2 gene in two cell lines and several tumor tissues
of human embryonal carcinoma.

MATERIALS AND METHODS

Cell Lines and Tumors. The Tera-1 and Tera-2 human embryonal
carcinoma cell lines (27) were obtained from ATCC,2 Rockville, MD.
These were cultured in McCoy's 5A medium supplemented with 10%
fetal bovine serum at 37Â°Cunder a humidified atmosphere containing

5% CO2 in air. The cells were subcultured weekly by scraping. The
MRC-5 and WI-38 human fetal lung cell lines obtained from ATCC
were used as normal controls. Furthermore, other human tumor cell
lines were used as additional controls. These include .17, a hepatocel-
lular carcinoma (obtained from Dr. C. S. Yang, Taipei, Taiwan); JAR
and JEG-3, choriocarcinomas (obtained from ATCC); and PAI, an
embryonal carcinoma (obtained from ATCC). Frozen samples of met
astatic embryonal carcinoma and hydatidiform mole tissues were ob
tained from the Tumor Repository, Biological Carcinogenesis Branch,
Division of Cancer Etiology, National Cancer Institute.

Isolation of Nucleic Acids. High molecular weight DNAs were pre
pared from cells and tumor tissues according to the method of Gross-
Bellard et al. (28). Total cellular RNA was prepared by a modification
of the method of Auffrey and Rougeon (29). The washed cell pellets
were homogenized in a 20x volume of lithium chloride buffer (3 M
LiCl, 6 M urea, 50 mM Tris, pH 7.4, 5 mM EDTA, 0.1 M /3-mercapto-
ethanol, and 0.1% Sarkosyl), and after overnight standing at 4Â°Cthe

RNA was precipitated by centrifugation at 13,000 x g for 20-30 min.
The pellet was dissolved in 10 mM Tris buffer containing 1 mM EDTA,
0.5% sodium dodecyl sulfate, and 200 /ig/ml proteinase K, and ex
tracted with phenol-chloroform twice before ethanol precipitation at
â€”20Â°C.The poly(A)* RNA was selected by means of an oligodeoxy-

thymidylic acid-cellulose column (30).
Southern and Northern Blotting. DNAs were digested to completion

with restriction enzymes as recommended by the supplier and electro-
phoresed on 0.7% agarose gels. Transfers to nitrocellulose filters were
performed as described in (Ref. 30). RNAs were electrophoresed on 1%
agarose gels containing formaldehyde and transferred to nitrocellulose
filters as described in Ref. 30. Phage A DNA Hindlll fragments and
the RNA ladder (Bethesda Research Laboratories, Gaithersburg, MD)
were used as molecular weight markers and electrophoresed in each
gel.

Hybridizations. The following specific probes were used: a 0.6-kilo-
base Sstll-Hincll fragment of v-Ki-ros; a 0.9-kilobase Ava\-Hindl\\
fragment of \-mos; a 0.7-kilobase Sstl-Pstl fragment of v-Ha-roj; and
a 1.4-kilobase Psfl-Ahalll fragment of \-myc, all supplied by Oncor,
Inc., Gaithersburg, MD. A /3-actin probe, which is a 2.1-kilobase insert
replacing the small BamHl-Pvull fragment of PBR322 was kindly
provided by Dr. Gilbert Jay (National Cancer Institute, NIH). These
were 32P labeled by nick translation to a specific activity of 2-4 x 10*

cpm/Mg. Hybridizations for Southern and Northern blots were per
formed according to the method described in Ref. 30 except that dextran

2The abbreviations used are: ATCC, American Type Culture Collection;
poly(A)*. polyadenylated; EC, embryonal carcinoma; poly(A), polyadenylic acid.
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sulfate was omitted. Hybridizations were performed at 42Â°Cfor 24-72

h. The filters were washed 5 times with O.lx saline sodium citrate
solution containing 0.1% sodium dodecyl sulfate. The washed filters
were autoradiographed at -70Â°C using Kodak XAR-5 and DuPont

Quanta III intensifying screens. For quantitation of amplified gene,
Southern blots of graded doses of DNA cleaved by EcoRl were hybrid
ized either with a mixture of v-Ki-roj probe and \-mos probe or with
each of 3 different probes, i.e., v-Ha-ros, v-myc, or v-Ki-ros, using the
same blot after regeneration as described in Ref. 30. For RNA slot blot
assay, the Schleicher and Schnell Minifold II Slot Blot System was
used.

Chromosomal Analyses. Cells in metaphase were stained by conven
tional Giemsa staining and by G and C banding. For visualizing double
minutes, these were stained with l Â¿igof Hoechst 33258/ml of phos
phate buffered saline for 30 min. At least 30 cells in metaphase were
examined.

RESULTS

Amplification of c-Ki-nu2 Gene in Human Embryonal Carci
noma Cell Lines and Tumor Tissues. EcoRl, ligl\\, Pvull,
Hindlll, and Pstl were used for cleavage of high molecular
weight DNA derived from 2 human embryonal cell lines, Tera-
1 and Tera-2, and a normal human fetal lung cell line, MRC-
5. Both Tera-1 and Tera-2 DNAs showed similar patterns of
hybridization bands on the Southern blot as did MRC-5 DNA
except that the signals were generally more intense for most of
the bands in Tera-1 and Tera-2 than in MCR-5 DNAs (Figs. 1
and 2). Further analyses by referring these bands to restriction
maps (31) led to the following conclusions. It is evident that
the characteristic Bglll 4.2-kilobase fragment representing the
pseudogene Ki-rasl is not amplified. Both the EcoRl 6.7-
kilobase fragment which includes Ki-ras2 exon 1 and the 3.0-
3.2-kilobase fragment which contains exons 2, 3, and 4A are
amplified. Both the Bglll 25-kilobase fragment which repre
sents exons 0, 1, and 2, and the 12-14-kilobase fragment which
contains exon 4A are also amplified. Amplification of both the
Hindlll 23-kilobase fragment which contains exons 0 and 1
and the 11-12-kilobase fragment which includes exon 4A are
in agreement with the above observations. No conclusion can
be drawn on exon 4B, since the Bglll 5.0-kilobase fragment
containing this exon is not detected in this Southern blot,
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Fig. 1. Amplification of c-Ki-ros2 in Tera-I cells. MRC-5 and Tera-1 DNAs
( 10 /ig each) were cleaved with restriction enzymes and blot hybridized with v-Ki-
ras probe, /tÃ©,kilobase.
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Fig. 2. Amplification of c-Ki-ros2 in Tera-2 cells. MRC-5 and Tera-2 DNAs
(10 jugeach) were cleaved and blot hybridized as shown in Fig. 1. kb. kilobase.
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Fig. 3. Quantitation of the amplified c-Ki-ras2 in Tera-1 and Tera-2 cells with
the unamplified c-iruu as an internal control. Graded doses (10, 5, 2.S, and 1.25
jig) of DNA from Tera-1 and Tera-2 and a single dose (10 ^g) of DNA from
MRC-5 were cleaved with EcoRl and blot hybridized with a mixture of v-Ki-roi
and v-mos probes. The single 2.8-kilobase (kb) c-mos fragment served as an
internal control.

although the EcoRl 2.4-kilobase fragment containing this exon
is visible in Tera-1 but not in Tera-2 or MRC-5 cell DNAs.

In addition to MRC-5, another normal cell line, WI-38, and
other human tumor cell lines such as ,17 (hepatoma), JAR and
JEG-3 (choriocarcinomas), and PAI (embryonal carcinoma)
were tested along with Tera-1 and Tera-2 for the presence of
amplification and/or rearrangement of c-fos, c-mos, c-N-ras, c-
abl, c-Ha-ros, c-myc, c-fes, and c-sis. None of these protoonco-
genes showed alterations in these cells (data not shown).

In order to control for the quantity of DNA that had been
loaded in each lane of agarose gel we used v-mos and v-Ki-ras
as probes simultaneously for hybridization on the Southern
blots. The 2.8-kilobase EcoRl band of c-mos (32) was not
amplified in either Tera-1 or Tera-2 DNAs. By contrast, the
results of quantitation of the Tera-1 and Tera-2 DNAs for
densities of the 6.7 and 3.2-3.0-kilobase EcoRl fragments in
dicated a 4- to 8-fold amplification (Fig. 3). Results of further
quantitation experiments using 3 different (v-Ha-ras, \-myc,
and v-Ki-ras) probes for the same Southern blot after repeated
regeneration procedures are presented in Fig. 4. The hybridi-
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Fig. 4. Quantitation of the amplified c-Ki-nu2 in Tera-1 and Tera-2 cells with
the unamplified c-Ha-rosl and c-myc as controls. Graded doses (10, 5, 2.5, and
1.25 (Â¿g)of DNA from Tera-1 and Tera-2 and a single dose (10 /ig) of DNA from
MRC-5, J7 (hepatoma). and JAR (choriocarcinoma) cell DNAs were cleaved with
/â€¢iviKIand blot hybridized with v-Ki-nu probe. The same blot was rehybridized
with v-Ha-ros probe or \-myc probe after repeated regenerations (30). The single
21.0-kilobase(Ã„ÃŸ)c-HA-rosI band and the single 12.5-kilobasec-m>'cband served
as internal controls.
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Fig. 5. Amplification of c-Ki-ros2 in human embryonal carcinomas. DNAs
from NRC-5 and tumor tissues of embryonal carcinoma patients were cleaved
with EcoRl and blot hybridized with v-Ki-ros probe. All samples contained 10 (/R
DNA except that EC9 contained 3 MgDNA. After regeneration (30). the same
blot was rehybridized with the \-myc probe in order to provide a control for the
amount of DNA tested, kb, kilobase.

zation signal intensity of the EcoRl 21.0-kilobase fragment of
c-Ha-ros (33) as well as the 12.5-kilobase c-myc fragment (34)
showed no significant difference among Tera-1, Tera-2, MRC-
5, J7 (hepatoma), and JAR (choriocarcinoma) cell DNAs. By
contrast, both the EcoRl 6.7-kilobase and the 3.2-kilobase c-
Ki-ras2 fragments of Tera-1 and Tera-2 DNAs showed at least
4- to 6-fold amplification as compared with MRC-5, J7, and
JAR DNAs. In spite of slight experimental variations, these
quantitation results taken together would indicate at least 4- to
6-fold amplification of c-Ki-ras exons 1,2,3, and 4A.

Since Tera-1 and Tera-2 cells are in vitro established cell
culture lines, the c-Ki-ros2 amplification observed may have
been acquired during in vitro passages and does not represent
the original tumor. The question whether similar amplification

Fig. 6. Slot blot assay of poly(A)* RNA derived from MRC-5, Tera-1, and
Tera-2 cells. Graded doses (12.5, 6.25, 3.2, 1.6, 0.8, 0.4. and 0.2 ^g) of poly(A)*
RNA were blotted and hybridized with v-Ki-ros probe.

could be detected with the tumor tissues of human embryonal
carcinoma was examined by similar Southern blot analysis of
tumor DNAs cleaved with EcoRl. Ten tig DNA were used for
each sample except that only 3 ng DNA were used for EC9. It
was found that 5 (EC5, EC6, EC9, EC 14, and EC 16) of 9
embryonal carcinomas tested showed a relative increase in
densities of both 6.7- and 3.2-kilobase fragments hybridizing
with v-Ki-ras probe, as compared with MRC-5 cells, although
the degree of amplification varied with each tumor examined
(Fig. 5). The same Southern blot after regeneration was hybrid
ized with the v-myc probe, and the 12.5-kilobase c-myc fragment
(34) showed no significant difference in signal intensities among
these samples (EC9 DNA showed an intensity corresponding
to 3 tig DNA). These results suggest that c-Ki-ras2 amplifica
tion occurs frequently even before in vitro cultivation of em
bryonal carcinomas. Since all of these tumors were taken from
metastatic tissues, they are considered to be malignant. No
correlation was found between the presence of c-Ki-ros2 gene
amplification and the patient's age, history of previous chemo

therapy, metastatic organ site, etc.
Enhanced Expression of c-Ki-ros2 Gene in Human Embryonal

Carcinoma Cell Lines and Tumor Tissues. Using a slot-blot
assay with v-Ki-ros as a probe, the poly(A)+ RNAs of Tera-1
and Tera-2 cells were compared quantitatively with that of
MRC-5. The results indicated that the amount of c-Ki-ras
specific mRNA in both Tera-1 and Tera-2 DNAs was 8-fold
greater than that of MRC-5 (Fig. 6).

To investigate the Ki-ras2 mRNA expression of the EC tumor
tissues, the poly(A)+ RNA from each tumor tissue was quanti

tatively compared with that of MRC-5 and other tumor cell
lines including J7 (hepatoma), JEG-3 (choriocarcinoma), PAI
(embryonal carcinoma), and tumor tissues of HYD-4 (hydati-
diform mole). As illustrated in Fig. 1A, out of 10 embryonal
carcinomas tested 7 (EC6, EC8, EC 13, EC 14, EC 15, EC 10 and
EC 17) exhibited 4-fold or greater enhancement in their mRNA
expression, whereas other tumors did not show mRNA over-
expression relative to MRC-5 cells. These results indicated that
c-Ki-ras2 gene amplification did not necessarily lead to en
hanced mRNA expression (e.g., EC5) and some ECs (e.g., EC8,
EC 13 and EC 15) which did not show amplification did never
theless manifest mRNA overexpression. As a control for the
amount of RNA applied to the slot-blot assay, a duplicate blot
was hybridized with \-myc probe. As shown in Fig. IB, there
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Fig. 7. Slot blot assay of poly(A)* RNA derived from MRC-5 and tumor

tissues of embryonal carcinoma patients.. I, graded doses (12.5, 6.25, and 3.2 jig)
of poly(A)* RNA were blotted and hybridized with v-Ki-ros probe. Poly(A)*
RNAs (12.5 >ig)of J7 (hepatoma), JEG-3 (choriocarcinoma), PAI (embryonal
carcinoma), HYD-4 (hydatidiform mole), and MRC-5 were included as controls;
B, polvi A)* RNAs (6.25 ^g) of the cells listed in A were blotted and hybridized
with v-myc probe as a control. **, kilobase.

was no significant variation in the intensity of hybridization
signal among these samples.

Both Tera-1 and Tera-2 cells showed 4 different sizes of
poly(A) selected mRNA which hybridized with v-Ki-ras probe
on the Northern blot. Their 2 major mRNAs, 5.7 and 4.0
kilobases, were markedly more prominent than those of MRC-
5, and the 2 minor mRNAs, 2.3 and 1.2 kilobases, were not
detectable with MRC-5 cells under the same experimental
conditions (Fig. 8/Ã•).A 32P-labeled 0-actin probe was also used
for hybridization with duplicate poly(A)+ RNA blots prepared

the same way as the above experiments. The results indicated
that equivalent amounts of poly(A)+ RNA were loaded for
MRC-5, Tera-1, Tera-2, or EC groups, since the actin hybridi
zation bands showed similar intensities at comparable doses
(Fig. SB).

Chromosomal Analysis. As illustrated in Figs. 9 and 10, the
majority of Tera-1 cells showed 61 or 62 chromosomes, while
the chromosome number of Tera-2 cells varied between 60 and
64. Both were hypotriploid. Double minute chromosomes were
not present in these preparations. Tera-1 cells exhibited the
following marker chromosomes: lp-; i(2q); 3q+; inv(4); 5q+;

Fig. 8. Northern blot analysis of poly(A)" RNA derived from MRC-5, Tera-
1, and Tera-2 cells. A, poly(A)* RNAs from MRC-5, Tera-I, and Tera-2 cells (9
Mgeach) were blot hybridized with v-Ki-ru.vas a probe; /(. a duplicate blot as in A
was hybridized with a /3-actin probe as a control.

7q+; 7p-; 8q-; 9q+; 10p+; i(llp); 12p+; 12q+; 12p-;
12q-; i(12p); 15p+; and 21q+ (Fig. 9). Tera-2 cells displayed
the following marker chromosomes: lp-; 10q-; lip-; i(12p);

and XP+ (Fig. 10). Chromosomes with homogeneously staining
regions have not been detected.

DISCUSSION

The human genome contains a pseudogene, c-Ki-rosl, which
is located in chromosome 6, and a complete gene, c-Ki-ros2,
which is located in chromosome 12 (35). The present study
showed that amplified c-Ki-ras exons detected in Tera-1 and
Tera-2 DNAs are derived from the c-Ki-ros2 gene because (a)
the amplification has not grossly changed the size of typical
restriction fragments of c-Ki-ras2, (b) the amplified fragments
do not entirely represent the pseudogene, and (c) the sizes of
major K-ros mRNAs from Tera-1 and Tera-2 cells are 5.7 and
4.0 kilobases as described for the normal c-Ki-ros2 gene (22).
In addition to the amplification of otherwise apparently normal
c-Ki-ras2 loci, Tera-1 DNA showed a v-Ki-ras-related 5.0-
kilobase Â£coRIfragment, the origin of which is unknown.

The role of the ras gene family in either initiation or pro
gression of various tumors has been reported. While the ras
gene family can act early as an initiator of two-stage mouse
skin carcinogenesis (36), other evidence suggests that it may be
activated relatively late in the course of tumor progression (37,
38). We do not know if the original tumor of Tera-1 and Tera-
2 had the c-Ki-ros2 amplification. However, the fact that tumor
tissues derived from at least about one-half of the patients with
embryonal carcinoma showed amplification of c-Ki-ros2 gene
in their DNAs suggests that the original tumor tissues from
which Tera-1 and Tera-2 cell lines were derived may have
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already acquired the amplified c-Ki-ras2 gene in their DNAs. amplification and/or overexpression of c-Ki-ras2, EC5 showed
It is also possible that c-K.i-ras2 overexpression gave the original an increase in gene dosage without overexpression. This in-
tumor cells the advantage to adapt to in vitro growth and crease may be due to an amplification accompanied by strict
become established lines. Although all ECs tested did exhibit cellularregulationofitstranscription.lt is possible that another
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mechanism such as point mutations in this or other protoon-
cogenes may play a more important role in carcinogenesis of
EC5. It is known that strong selective pressure such as that
from methotrexate and other drugs is required to bring the
spontaneously occurring gene amplification into prominent
view (2). If these changes took place during in vitro culture, the
putative selection factor, if any, that accounts for the amplifi
cation of c-Ki-ras2 in Tera-1 and Tera-2 cells is not clear. It is
of interest to note that these cells spontaneously produce type-
C retrovirus particles, the identity of which has not been estab
lished (39). The possible role of these viruses in oncogenesis of
EC remains to be investigated.

Karyological analysis indicated that both Tera-1 and Tera-2

cells were hypotriploid with many marker chromosomes sug
gesting the possibility that translocations affect various chro
mosomes. Examination of chromosome 12, in which c-Ki-roj2
is located at pll.1-12.1 (40), revealed the following changes,
i.e., 12p+, 12q+, 12p-, 12q-, and i(12p) for Tera-1, and
tetrasomy of chromosome 12 with an additional isochromo-
some i(12p) for Tera-2 cells. No marked change was observed
with chromosome 6, in which c-Ki-rasl pseudogene is located
at pi 1-12 (40), except that an isochromosome i(6p) has re
placed one of the 2 Tera-1 chromosomes 6. However, these
changes alone cannot account for the 4- to 6-fold amplification
of c-Ki-ras2 gene and the 8-fold or greater overexpression of its
mRNA as observed in the present study. Nevertheless, it is
possible that translocations involving the short arm of chro
mosome 12 may bring the c-Ki-ras2 gene into proximity with
and under the influence of a more effective enhancer/promotor
in another chromosome, resulting in its overexpression without
amplification. Other chromosomal anomalies such as double
minutes or homogenously staining regions have not been de
tected in these cells despite a careful search for them.

An activated c-Ki-ro$2 gene with a 3T3-cell transforming
ability has been found in various human tumor cell lines derived
from lung (21, 41-47), colon (42, 45, 48, 49), pancreas (42,
50), bladder (42,43), gallbladder (42), rhabdomyosarcoma (42),
and ovarian carcinomas (51), but to our knowledge, none from
embryonal carcinoma has been reported. A transforming N-ros
gene containing a point mutation has been found in the late but
not the early passage line of a human embryonal carcinoma cell
line, PAI (52). It remains to be elucidated whether the amplified
c-Ki-ras2 gene in Tera-1 and Tera-2 cells has point mutations.
Although the cause of embryonal carcinoma is unknown, it is
conceivable that during early embryogenesis when vigorous
DNA replication and gene expression are taking place, some
environmental or endogenous factors may cause c-Ki-ras2
mRNA overexpression through chromosomal translocation
and/or amplification. These instabilities may give more chance
of point mutations, which could contribute effectively to the
carcinogenesis. Some embryonal carcinomas are known to have
the potentiality to be induced by retinole acid and other agents
to differentiate into other types of cells (53). Further investi
gations of the causes and consequences of c-Ki-ros2 gene am
plification and enhanced expression under the undifferentiated
and differentiated conditions of human embryonal carcinomas
should provide a better understanding of the role of this gene
in normal and neoplastic cells.
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