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ABSTRACT

High-molecular-weight DNA isolated from eight fresh human skin
cancers occurring on sun-exposed body sites were assayed for their ability
to transform NIH 3T3 cells. A cotransfection protocol using pSV2-nÂ«o
DNA, which confers resistance to the antibiotic (Â¡418,was used to select
cells that had taken up the transfected DNA. About 2 weeks after
transfection, G418-resistant colonies were pooled and injected s.c. into
athymic nude mice. The NIH 3T3 cells transfected with DNA from six
of the human skin cancers induced tumors in nude mice. DNAs from all
six tumor cell lines contained human ulu sequences. Southern blot hy
bridization with nw-specific probes revealed that DNAs from the four
o/u-rich tumors contained the human lin-ras oncogene, in addition to
that of the NIH 3T3 controls. In contrast, DNAs from the other two
tumors did not contain any of the known oncogenes tested, except those
endogenous to NIH 3T3 cells. DNAs from three of four first cycle
tumorigenic transformants gave rise to morphologically transformed foci
when assayed in a second cycle of transfection. DNAs from all three
secondary transformants contained discrete human ala sequences, and in
addition, contained I la-rus sequences similar to those present in their
respective primary transformants. Interestingly, DNA from both primary
and secondary transformants of one particular human squamous cell
carcinoma contained highly amplified copies of the Ila-ras oncogene.
These results suggest that activation of the UÃ -ras oncogene may be
common in human skin cancers originating on sun-exposed body sites.
Further characterization of the Ha-ru.voncogenes present in these human
skin cancers may provide information on the molecular mechanisms by
which IV radiation of the sun induces human neoplasms on exposed
body sites.

INTRODUCTION

Many cellular oncogenes are known to be associated with a
variety of human and rodent tumors. In fact, induction of
tumors in rodents by defined chemicals has frequently resulted
in activation of specific oncogenes (1-8). About 20% of human
tumors and chemically induced tumors contain activated ras
genes (designated Hu-ra.v. K\-ras. and N-nÂ«)capable of inducing
morphological and tumorigenic transformation when intro
duced into NIH 3T3 cells by DNA-mediated gene transfer (9-

17).
Cellular oncogenes can be activated by both point mutations

and chromosomal translocations, suggesting that there may be
a direct link between exposure to agents that damage DNA and
genetic change leading to malignancy (4, 6, 7, 18-20). Zarbl et
al. (7) have shown that in rat tumors induced by nitrosomethyl
urea, the point mutation responsible for the malignant activa
tion of the Ha-ros-1 locus was always at the 12th codon, whereas
in rat tumors induced by DMBA,3 the point mutation was at
the 61st codon of the Ha-ros-1 locus. Similarly, Qui nlanilla et
al. (6) have reported that over 90% of tumors, including pre-
malignant papillomas, induced in mice by DMBA as an initiator
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and tetradecanoylphorboI-13-acetate as a tumor promoter con
tained a specific A-T transversion in the second nucleotide of
codon 61 of the Ha-ros gene. In addition, two non-ros onco
genes, termed met and neu, are reported to be expressed in a
human cell line transformed by JV-methyl-JV-nitro-jV-nitroso-
guanidine and in a rat neuro/glioblastoma cell line derived from
tumors induced by ethylnitroso urea (21, 22).

One hypothesis suggested by these observations is that a
particular carcinogen may activate specific oncogenes during
the development of tumors. However, it is not known whether
UVR activates protooncogenes in a carcinogen-specific manner.
This question is of considerable importance because UVR is a
potent DNA damaging agent and a known inducer of skin
cancer in experimental animals. In addition, UVR present in
sunlight is responsible for the induction of most skin cancers
in humans (23-25).

There is one report which suggests that some UVR-induced
skin cancers in mice express an activated Vii-ras oncogene (26).
However, there are no reports available on activated oncogenes
in nonmelanoma human skin cancers that originated on sun-
exposed body sites. Since cancers of the skin are the most
prevalent form of human cancer, it is important to determine
whether they contain specific transforming genes. Therefore,
we investigated whether DNAs from fresh human skin cancers
occurring on sun-exposed body sites contained oncogenes ca
pable of inducing morphological and tumorigenic transforma
tion when introduced into NIH 3T3 cells by DNA-mediated

gene transfer.

MATERIALS AND METHODS

Human Tumors. The primary human skin cancers used in this study
were originated on sun-exposed body sites of the patients. The location
of tumors, tumor types, and clinical evaluation of the patients are
shown in Table 1. Fresh tumors, unexposed to prior chemotherapy or
radiation, were obtained at the time of surgical resection and immedi
ately frozen at â€”70Â°Cuntil processed for DNA extraction. Normal skin
tissue from one of the patients (patient 6) was obtained from a non-
sun-exposed site (gluteus) by punch biopsy and was used as a control.

Preparation of Cellular DNA. High-molecular-weight genomic DNA
was extracted by the method described by Wigler et al. (27), with slight
modifications. Frozen tumor tissues were thawed, minced thoroughly
on ice with dissection scissors, and washed twice with ice-cold phos
phate-buffered saline. The minced tissues were resuspended in lysis
buffer (1% SDS-150 mM NaCl-10 mM Tris-HCI, pH 8.0-10 IHMEDTA)
containing 200 Â¿ig/mlproteinase K. The viscous lysates were heated at
65Â°Cfor 15 min and then incubated overnight at 37Â°C.Equal volumes

of 650 mM NaCl-10 mM EDTA-10 mM Tris-HCI (pH 8.0) were added
to the lysates and extracted twice with an equal volume of buffer-
saturated phenol. The aqueous phase was extracted once with an equal
volume of phenol:chloroform:isoamyl alcohol (25:24:1) and once more
with an equal volume of chloroform :isoam y1alcohol (24:1). DNA was
precipitated from the aqueous phase with two volumes of cold absolute
ethanol. The precipitated DNA was recovered with a Pasteur pipet and
washed successively with 2 changes of 70% ethanol and 2 changes of
100% ethanol. The DNA precipitate was air dried and dissolved in
sterile 10 mM Tris-HCI (pH 8.0) and 1 mM EDTA. Cellular DNAs
were sized by gel electrophoresis in 0.8% agarose gels. Uncut and
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Hind\\\ restriction enzyme-cut X-phage DNA were used as size markers.
DNA from pSV2-/ieo plasmids were isolated according to the pro

cedure described by Maniatis et al. (28). Supercoiled plasmid DNA was
purified on a CsCI gradient.

DNA Transfection. Primary transfection was performed by the cal
cium phosphate precipitation technique of Graham and Van der Eb
(29) and Fasano et al. (30). A cotransfection protocol using pSV2-neo
DNA (31), which confers resistance to the antibiotic G418, was used
to select cells that had taken up foreign DNA. The calcium phosphate
precipitate, which contained 120 Â¿igof tumor DNA and 2 ^g of pSV2-
neo DNA, was added to four 60-mm plates containing 4x10* NIH
3T3 cells/plate in 3 ml of Dulbecco's medium (Grand Island Biological

Co., Grand Island, NY) containing 10% calf serum (HyClone Labora
tories, Inc., Logan, UT). As controls, NIH 3T3 cells were cotransfected
with DNAs from normal human skin or calf thymus plus pSV2-neo.
About 24 h after transfection, cells from each dish were trypsinized and
transferred to two 100-mm dishes. After another 16-20 h, G418 was
added to the medium at a concentration of 400 iig/ml. Cells were fed
with fresh medium containing G418 every 3 or 4 days.

Secondary transfection was performed by using a NIH 3T3 "focus
assay" (27). The calcium phosphate precipitate, which contained 120

Mgof high-molecular-weight DNA, was added to four 60-mm plates
containing 2 x IO5 NIH 3T3 cells/plate. Cells were incubated at 37'C

with DNA-CaPO4 precipitates for 4 to 5 h, and then shocked for 3 min
with 15% glycerol containing 1 x 4-(2-hydroxyethyl)-l-piperazineeth-
anesulfonic acid-buffered saline. The cells were fed with Dulbecco's
medium containing 10% calf serum and incubated at 37Â°C.About 24

h after transfection, cells from each dish were trypsinized and trans
ferred to two 100-mm dishes in Dulbecco's medium containing 5% calf
serum. The cells were fed with Dulbecco's medium containing 5% calf

serum twice a week. Morphologically transformed foci were isolated
14-21 days after transfection, cloned in 0.3% agar, and established as
cell lines.

Tumorigenicity Assay. Fourteen to 16 days after cotransfection,
G418-resistant colonies were trypsinized, pooled, and washed with
Hank's balanced salt solution. Five million cells were injected s.c. into

5- to 6-week-old, athymic nude (nu/nu) mice. Tumor growth was
monitored weekly. When the tumor reached 15-20 mm in diameter,
the mice were sacrificed and the tumor tissue was resected, established
as cell lines, and subjected to G418 selection to eliminate contaminating
host cells.

Southern Blot Hybridization. DNA isolated from various cell lines
was cleaved with Â£c0RIor liain\\\ restriction enzymes (Bethesda Re
search Laboratories, Bethesda, MD) under the conditions recom
mended by the manufacturer. Digested DNAs were subjected to a 0.8%
agarose gel electrophoresis, and DNA fragments were transferred to
nitrocellulose filters by the method of Southern (32). The resulting
blots were baked at 80Â°Cunder vacuum and hybridized with 32P-labeled
probes at 43Â°Caccording to manufacturer's instructions. The labeled

ulu. 1la ra\. and other probes used in this study were purchased from
Oncor, Inc., Gaithersburg, MD. After hybridization for about 24 h, the
filters were washed four times for 5 min each at room temperature with
2 x standard saline citrate (300 m\t sodium chloride-30 HIMsodium
citrate), 0.5% SDS, and then three times for 20 min each at 56'C with

0.1% standard saline citrate-0.01% SDS. The blots were dried and
exposed at -70Â°Cfor 24-48 h to Kodak XAR-5 film with intensifying

RESULTS

The various human skin cancers used in this study are shown
in Table 1. Seven of the tumors were diagnosed as poorly to
moderately differentiated squamous cell carcinomas and one as
BCC. The patients were evaluated clinically for history of sun
exposure. Clinical evidence of sun exposure included the pres
ence of one or a combination of the following: solar keratosis,
BCC, pigmentation, telangiectasias, erythema, and actinic len
tigo. All of the patients exhibited one or more of these signs.
Based on these observations and other information obtained

from interviews with each subject, we can conclude that UVR
was probably responsible for the induction of skin cancers in
these patients.

Cotransfection of NIH 3T3 cells with each human tumor,
normal human skin, or calf thymus and pSV2-neo DNAs
yielded 1500-2000 G418-resistant colonies among four culture
dishes. In contrast, NIH 3T3 cells transfected with pSV2-neo
DNA alone resulted in a 10-fold decrease in the number of
(i4 IS-resist an t colonies obtained. Thus, cotransfection with
tumor or normal DNA as a carrier enhanced the frequency of
G418-resistant colonies and also ensured that a majority of
( Â¡41Kresistant colonies obtained by the cotransfection protocol
took up the carrier DNA.

The colonies from each dish were pooled and 5 x IO6 cells

from such a pool were injected s.c. into each of four nude mice.
The time of first appearance of tumors and their subsequent
growth were noted. The results shown in Table 2 indicate that
NIH 3T3 cells transfected with DNA from six human skin
cancers (five squamous cell carcinomas and one BCC) induced
progressively growing tumors in nude mice within 2-5 weeks
of injection. DNA from two of the human skin cancers did not
induce tumorigenic transformation of NIH 3T3 cells. Similarly,
untransfected NIH 3T3 cells or NIH 3T3 cells cotransfected
with normal human skin or calf thymus and pSV2-neo DNAs
did not induce tumors within this time period. The tumor
incidence and the latency period varied, depending upon the
transfected DNA. Whereas NIH 3T3 cells transfected with
DNA from tumors 1, 3, and 6 induced tumors in 100% of mice
injected, with latency periods of 2-3 weeks, NIH 3T3 cells
transfected with DNAs from human tumors 2,4, and 5 induced
tumors in only 25-50% of mice injected, with latency periods
of 4-5 weeks.

All the cell lines established from tumors induced in nude
mice by various DNA transfectants were found to be resistant
to the antibiotic G418. DNAs prepared from these cell lines
were analyzed for the presence of human repetitive sequences.
Previous studies have shown that human DNA segments can
be detected by sequence hybridization after they have been
introduced into NIH 3T3 cells (10, 30, 33). Fig. 1 shows an
analysis of the DNAs of cell lines established from representa
tive tumors induced in nude mice by various human tumor
DNA transfectants. Tumors induced in nude mice by DNA
transfectants of tumors 1, 3, 5, and 6 contained numerous
human repetitive ulu sequences (Lanes b, d,f, and g); the other
two cell lines contained very few human alii sequences (Lanes
c and Ã¨).As expected, DNA from untransfected NIH 3T3 cells
(Lane a) or NIH 3T3 cells cotransfected with calf thymus and
pSV2-neo DNAs (data not shown) did not contain any human

ulu sequences.
In order to determine whether the tumors induced in mice by

various human skin cancer DNA transformants contained spe
cific oncogenes, their cell line DNAs were analyzed for the
presence of human Ha-, Ki-, and N-ras genes by Southern blot
analysis. Newly acquired ras genes in mouse tumors induced by
human tumor DNAs can be detected either by finding additional
restriction fragments or by comparing band intensities with
appropriate controls on Southern blots. The hybridization pat
tern observed with the N- and Ki-ro5 probes in mouse tumors
induced by various human tumor DNAs was similar to that
with untransfected NIH 3T3 cells (data not shown), indicating
that these tumorigenic transfectants did not contain the human
N- or Ki-ras oncogenes. However, when duplicate blots were
hybridized with the Ha-rov probe, the cell lines from tumors
induced in mice by injection of NIH 3T3 cells transfected with
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Table 1 Origin and type of human skin cancers used in DNA transfection
Patient"1234S678SexMaleMaleMaleMaleFemaleMaleMaleMaleAge5356516960716178TumorlocationUpper

lipRight
earUpper
lipNeckLeft

earLeft
templeLower
lipLeft

earTumor

typesecBCCsccsecsecsecsecsecClinicalobservationsNumerous
SCC,* BCC, and actinickeratosisNumerous

SCC andBCCMultiple
SCC, BCC, and actinickeratosisFew

SCC andBCCFew
SCC andBCCNumerous

SCC, BCC, and actinickeratosisNumerous
SCC, BCC, and actinickeratosisNumerous
SCC, BCC, and actinic keratosis

" All the patients were white Caucasians.
* SCC, squamous cell carcinoma.

Table 2 In vivo tumorigenicity of cotransfected NIH ÃŒT3cells
About 2 weeks after transfection, (i418 resistant colonies were pooled and 5

x 10* cells were injected s.c. into nude mice.

Transfected
DNATumor

1 +pSV2-neoTumor
2 +pSV2-neoTumor
3 +pSV2-/iioTumor
4 +pSV2-nioTumor
5 +pSV2-neoTumor
6 +pSV2-neoTumor
7 +pSV2-neoTumor
8 +pSV2-neoNormal
skinc +pSV2-nÂ«>Calf

thymus +pSV2-neoNoneTime

to
1st tumor

(wk)243542Mean

tumor
diameter (mm)

at 6wk22.017.618.06.817.027.0*Tumorincidence04/42/44/41/42/44/40/40/40/40/40/4

" Number of mice with tumor/number of mice given injections.
b Mean tumor diameter at 5 weeks.
' From patient 6.

a b
i

c d
t i

e
i

f g

Fig. 1. Detection of human alii sequences in cell lines from tumors induced
in nude mice by NIH 3T3 cells transfected with DNA from various human skin
cancers. DNAs (10 Â»igeach) were digested with EcoRI and analyzed by Southern
blot hybridization to "P-labeled, nick-translated alu probe (Palu.l, Oncor, Inc.).
Lane a, NIH 3T3; Lanes b-g, tumors induced by DNA from the following human
skin cancers: tumor 1 (Lane b), tumor 2 (Lane c), tumor 3 (Lane d), tumor 4
(Lane e), tumor 5 (Lanef), and tumor 6 (Lane g).

DNAs from tumors 1, 3, 5, and 6 exhibited additional bands
besides the mouse endogenous Ha-ros sequences (Fig. 2). These
newly acquired restriction fragments most likely represented
activated forms of the human Ha-ros oncogene. Interestingly,
mouse tumors induced by DNA transfectants of tumor 6 con
tained highly amplified copies of the Hu-ra.v gene. In contrast,
DNA from tumors induced in mice by DNA transformants
from tumors 2 and 4 did not exhibit additional restriction

a b e d e f 9

23.1

f 9

4.4

2.3
2.0

Fig. 2. Detection of IIa-ru,v sequences in cell lines from tumors induced in
nude mice by various human skin cancer DNA-transformants. DNAs ( 10 *tgeach)
were digested with /tornili (A) or EcoRI (B) and analyzed by Southern blot
hybridization to 32P-labeled Ila-ra.v probe (Pras.l, Oncor, Inc.) under conditions
of high stringency. Lane a, NIH 3T3; Lanes b-g, tumors induced by DNA from
the following human skin cancers: tumor 1 (Lane b), tumor 2 (Lane c), tumor 3
(Lane d), tumor 4 (Lane e), tumor 5 (Lanef), tumor 6 (Lane g). Numbers on the
ordinale are ///m/III-digested X-phage DNA molecular weight (kilobase) markers.
The expected human Ha-ros band is 6.6 kilobases for /tomi II and 25 kilobases
for Â£coRI.

fragments or increased intensity of hybridization with the Ha
ras probe. Furthermore, no homologies were detected with mas,
myc,fos,fes, src, sis, abl, or erbB probes except those sequences
that are endogenous to the NIH 3T3 cell genome (data not
shown).

Since Ha-ros gene was found to be transmitted from human
skin cancers to NIH 3T3 cells via DNA transfection, we ana
lyzed DNAs from original human skin cancers for possible
rearrangements and/or amplifications in the Ha-ros gene. The

results shown in Fig. 3 reveal that human skin cancers 1, 3, 4,
and 6, as well as the normal skin tissue from patient 6, contained
the typical single 6.6-kilobase BamHl fragment homologous to
the Ha-ra,v gene. In contrast, the Hu-ra.v gene present in human
skin cancers 5, 7, and 8 appeared to be rearranged, and in one
case also amplified (tumor 5). Nothing can be said about human
tumor 2 because there was not enough DNA available for
analysis. These results suggest that transformation of NIH 3T3
cells by DNAs from human skin cancers 1, 3, and 6 could be
due to mutations in the Ha-ra.v gene, whereas transformation

by DNA from human tumor 5 could be due to rearrangement
and/or amplification of the Ha-ros gene.

It is very likely that Ha-ros gene was responsible for tumori-

genie transformation of NIH 3T3 cells in the primary transfec
tion because each nude mouse tumor was induced by a single
transfectant receiving 1/1000 of a genome equivalent (30). On
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a b e d e f g h i
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Fig. 3. Presence of Ha-r<u sequences in the original human skin cancers.
DNAs (10 Â«igeach except for human tumor 2, which had only 2 un) were digested
with BamHl and analyzed by Southern blot hybridization to 'V labeled Ha-ras

probe under conditions of high stringency. Tumor 1 (I une a), tumor 2 (Lane b),
tumor 3 (Lane c), tumor 4 (Lane d), tumor 5 (Lane e), tumor 6 (Lanef), tumor 7
(Lane g), tumor 8 (Lane A), normal skin from patient 6 (Lane /). Numbers on the
ordinate are molecular weight markers in kilobases.

Table 3 Secondary transfection assay
120 fig of DNA were transfected onto four 60-mm dishes containing 2 x 10'

NIH 3T3 cells/dish. As a positive control, NIH 3T3 cells were transfected with
0.1 Â»igpEJ (38) and 25 fig calf thymus DNAs/dish. About 5 h after transfection,
the cells were shocked with 15% glycerol. About 24 h later, the cells from each
dish were trypsinized and replated into two 10(1-mmdishes in Dulbecco's medium

containing 5% calf serum. The plates were scored for morphologically trans
formed foci 14-21 days after transfection.

DonorDNAPrimary

transformant of:
Human tumor 1
Human tumor 3
Human tumor 5
Human tumor 6

Normal skin"

Mock transfection
pEJTotal

no.
of foci/total

no. of
dishes24/4

18/4
1/4

48/4
1/4
0/4

720/4No.

foci/jig
DNA0.20

0.15
0.008
0.40
0.008
0.00

1800.00
* From patient 6.

the other hand, it is quite possible, at least in some cases, that
tumorigenic transformation was really not due to Ha-ru.v gene,
but due to some other gene near Ha-ros. Therefore, we per
formed a second round of transfection, using DNAs from
primary transformants to determine whether the Ha-ras gene
detected in four human tumors could be passaged serially. A
NIH 3T3 focus assay was used instead of the cotransfection
and tumorigenicity assay because this assay, when used in
second or third round of transfection, preferentially detects Ha
ras genes containing mutations (18, 19). Therefore, by means
of this assay we can ascertain whether the Ha-ras gene detected
in the primary transformants of four human tumors contains
structural alterations. As shown in Table 3, DNAs from primary
transformants of human tumor 1, 3, and 6 induced morpholog
ically transformed foci at frequencies of 0.2,0.15, and 0.4 foci/
ng DNA, respectively. In contrast, DNA from primary trans
formants of human tumor 5, and DNA from normal skin tissue

from patient 6 failed to induce transformed foci (0.008 foci/fig
DNA).

Representative foci were isolated and purified by growing in
semisolid agar. Interestingly, a single focus found in each of the
secondary transfectants of human tumor 5 and primary trans-
fectants of normal human skin tissue from patient 6 did not
produce colonies in soft agar. DNAs were extracted from cloned
cells and analyzed for the presence of human ulti and 1la-ra.v
sequences. All three secondary transformants of human skin
tumors 1, 3, and 6 contained discrete human alu sequences
(Fig. 4). These conserved alu sequences are probably tightly
linked to the Ha-ras gene in the original human skin cancers.
Southern blot analysis with a I Ia-ra.v probe revealed that DNAs
from secondary transformants of human tumors 1 and 6 con
tained the unique 9.4-kilobase BamHl fragment of the Ha-ras
gene similar to those found in their respective primary trans
formants, whereas the secondary transformants of human tu
mor 3 contained the 6.6-kilobase BamHl fragment of the Ha-
nu gene similar to that found in its primary transformants (Fig.
5). Furthermore, the Ha-ras gene in secondary transformants
of human tumor 6 was again highly amplified analogous to its
primary transformants. Thus, these results suggest that a stable,
activated HanÂ« oncogene was being transferred from all three
human skin cancers to NIH 3T3 cells.

DISCUSSION

In this report, we examined eight human skin cancers occur
ring on sun-exposed body sites for the presence of oncogenes
detectable by DNA transfection. Using a cotransfection and
tumorigenicity assay in nude mice, we could detect the transfer
of oncogenes from four of eight human skin cancers into NIH
3T3 cells. However, DNAs from only three of four primary
tumorigenic transformants induced morphologically trans
formed foci in a second round of transfection. The transforming

23.1-

2.3-

Fig. 4. Presence of human repetitive alu sequences in secondary transformants.
Representative morphologically transformed foci were isolated and purified by
growing in 0.3% agar. DNAs were extracted from clonal cells and an aliquot (10
Â¿igeach) was digested with EcoRl and analyzed by Southern blot hybridization to
}2P-labeled alu probe. Lane a, NIH 3T3; Lanes b, c, and Â¡1are secondary

transformants of human skin cancers 1,3, and 6, respectively. Numbers on the
ordinate are molecular weight markers in kilobases.
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a bed

Fig. 5. Presence of Ha-ras sequences in secondary transformants. DNAs were
extracted from soft Â¡mar-purifiedsecondary transformants and an aliquot (10 Mg
each) was digested with UtiniHl and analyzed by Southern blot hybridization to
"P-labeled Ha-ras probe. Lane a, NIH 3T3; Lanes b, c, and d are secondary

transformants of human tumor 1.3, and 6, respectively. Numbers on the ordinate
are molecular weight markers in kilobases.

genes present in primary and secondary transformants of these
tumors were identified as the Ha-ras gene. These results suggest
that the Ha-ras gene present in the three human skin cancers
may contain structural mutations. The failure by primary trans
formants of human skin tumor 5 to induce morphologically
transformed foci in a second round of transfection could be due
to the possibility that the Ha-rÂ«.vgene in human tumor 5 may
not contain a point mutation. It is possible that the transform
ing activity of human tumor 5 DNA, as detected by cotransfec-
tion and tumorigenicity assays, could be due to Ha-ras gene
amplification and/or rearrangement. This possibility is sup
ported by the fact that the Ha-ras gene present in the original
human tumor 5 DNA appears to be amplified, as well as,
slightly rearranged (Fig. 3). Alternatively, the gene detected in
primary transformants of human skin cancer 5 was not really a
Ha-ras gene, but some other gene near Ha-ras. In any event,
these results indicate that the nude mouse tumorigenicity assay
may be more sensitive to transformation by amplified Ha-ras
genes or other oncogenes than the NIH 3T3 focus assay.

Interestingly, the Ha-ras gene was found to be greatly ampli
fied in both the primary and secondary transformants of human
tumor 6. This amplification might have occurred during co-
transfection procedure, because the original human tumor 6 did
not contain amplified copies of the Ha-ras gene. As we reported
earlier (34), both the primary and secondary transformants
induced by human tumor 6 DNA (reported earlier as tumor
AS) not only produced s.c. tumors at the site of injection but
also metastasized spontaneously to the lungs in 100% of mice
injected.

DNAs from two human skin cancers were weakly tumori-
genie, whereas DNAs from the remaining two human skin
cancers were nontumorigenic in the NIH 3T3 tumorigenicity
assay. The tumors induced in nude mice by DNA transformants
of skin cancers 2 and 4 contained very few human alii sequences

as compared to the tumors induced by DNA transformants of
other human skin cancers. Furthermore, DNAs from tumors
induced by DNA transformants of human skin cancers 2 and 4
did not reveal the presence of human Ha-ras, Ki-ras, N-ras,

mos, myc,fes,fos, src, sis, abl, or erbB oncogenes. However, the
possibility that these tumors contained some other oncogenes
cannot be ruled out.

The incidence of transfection-positive human skin cancers
was found to be slightly higher (37%) than that observed with
other human or rodent tumors. This high incidence may be
attributable to the fact that the NIH 3T3 "tumor assay" used

by us and others (30, 34-36) may be more sensitive than the
NIH 3T3 focus assay for detecting transforming genes. The
vast majority of the DNA samples from human or rodent
tumors do not have transforming activity in the NIH 3T3 focus
assay; only about 20% of human tumors and chemically induced
rodent tumors are capable of inducing transformed foci (10,11,
15, 37). One possible explanation for this observation could be
that the many genetic elements responsible for tumor formation
cannot effect morphological transformation of NIH 3T3 cells.
On the other hand, the high frequency of transfection-positive
human skin cancers that we observed could be due to a statistical
error, i.e., small sampling size. If we had analyzed a large
number of samples, the frequency of transfection-positive hu
man skin cancers might have been lower than the 37% we
observed.

Even though our studies demonstrated that three of eight
human skin cancers occurring on sun-exposed body sites con
tained Ha-ras oncogenes capable of inducing morphological
and tumorigenic transformation of NIH 3T3 cells, we do not
know the nature of the mutations responsible for the malignant
activation of the Ha-ros oncogene in these human skin cancers.
Recent studies have shown that a majority of the tumors in
duced in rats and mice by chemical carcinogens such as DMBA
and NMU contain specific ras gene mutations (3, 6-8). Muta
tions at a particular Ha-ras gene locus appear to be correlated
with the type of carcinogen used to induce the tumors. It will
be interesting to determine whether the Ha-ros oncogene acti
vated in the three transfection-positive human skin cancers
contain specific mutations that are unique to tumors induced
by UVR. Further characterization of the activated Ha-ras gene
in human skin cancers occurring on sun-exposed body sites and
its comparison with the reported mutations of the Ha-ras gene
in tumors induced by specific chemical carcinogens may provide
insights into the ways in which UVR can activate protoonco-
genes in human skin cancers.
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