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ABSTRACT

In an attempt to determine how normal human fibroblasts respond to
high expression of the T24 H-ras oncogene, we transfected such cells
with the plasmid vector pHO6Tl (D. A. Spandidos and N. M. Wilkie,
Nature (Lond.), 310:469-475,1984), containing the T24 H-ras oncogene
with 5' and 3' enhancer sequences, and the aminoglycoside phosphotrans-

ferase gene which confers resistance to the drug, G418. Approximately
1.5% of the G418-resistant colonies obtained after transfert ion and
selection consisted of cells exhibiting obvious morphological transfor
mation; i.e., they were highly refractile and more rounded than normal
fibroblasts. DNA hybridization analysis showed that the morphologically
transformed cells contained the transfected T24 H-ras oncogene, and
radioimmunoprecipitation analysis showed that they were expressing the
T24 H-ras protein product, M, 21,000 protein. Morphologically trans
formed cells formed colonies in soft agar at a frequency at least 60 times
higher than that of cells that had been transfected with the control
plasmid containing the normal cellular II-rax gene. Cells transfected with
plasmid pHO6Tl could also be identified by their ability to form distinct
foci when grown to confluence in nonselective medium following transfer -

tion. This study demonstrates that normal diploid human fibroblasts in
culture can be transformed by transfection with a H-ras oncogene, and
that such transformation correlates with expression of the mutant M,
21,000 protein.

INTRODUCTION

A significant proportion of human tumors from various sites
in the body have been shown to contain activated oncogenes
from the ras family (1-3). This finding, which suggests that the
ras oncogenes are involved in causing such tumors, has
prompted investigations into the role ras oncogenes play in
bringing about transformation of cells in culture. Transfection
studies using primary or early passage rodent fibroblasts as
recipients of ras oncogenes indicate that these genes act in a
dominant manner to cause transformation (for review, see Ref.
4). The transformed phenotypes observed in ras oncogene-
transfected rodent fibroblasts include morphological alteration
(5, 6), focus formation (6), anchorage independence (5, 8, 9),
and, in some instances, tumorigenicity (6-9). Several of these
studies indicate that the level of expression of the ras oncogene
can be an important factor governing the degree of transfor
mation by ras oncogenes (7-9) and that high expression of the
transfected ras oncogene is required for the induction of the
tumorigenic phenotype in such fibroblasts (6-9).

In contrast to the results achieved using rodent fibroblasts,
the results of most DNA transfection studies in which early
passage diploid human fibroblasts were used as the recipients
suggested that these cells are more resistant to transformation
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by raÃoncogenes. For example, several groups have reported
that, following ras oncogene transfection, human fibroblasts
failed to exhibit morphological transformation (9, 10), focus
formation (10), anchorage independence (9), or tumorigenicity
(9-11). Sutherland et al. (11) reported that transfection of
human fibroblasts with the T24 H-ras oncogene in a plasmid
devoid of transcriptional enhancer sequences caused the target
population to exhibit a very high frequency of cells able to form
colonies in soft agar. Sager et al. (10, 12) reported that, follow
ing transfection of normal human fibroblasts with the same
oncogene, but in a plasmid which contains SV40 transcriptional
enhancer sequences, expression of the H-ras p213 could be

detected. However, this did not result in morphological trans
formation, focus formation, or tumorigenicity. These investi
gators did not assay the transfectants for anchorage independ
ence.

An explanation for the negative results with human fibro
blasts, suggested by the transfection studies with animal fibro
blasts, is that the transfected ras oncogene was not expressed
or that the level of expression of the ras oncogene was not high
enough to cause measurable effects. In an attempt to achieve
high expression of the T24 H-ras oncogene in early passage,
diploid human fibroblasts, we used a plasmid, pHO6Tl, ob
tained from Spandidos and Wilkie (8), in which the oncogene
is inserted between two sets of transcriptional enhancer se
quences. We here report that the transfectants exhibited trans
formation to morphological alteration and focus formation,
that progeny of morphologically altered colonies exhibited an
chorage independence, and that such transformation was cor
related with expression of the T24 H-ras oncogene protein
product p21 in the human fibroblasts.

MATERIALS AND METHODS

Cells and Culture Conditions. Diploid human fibroblasts were initi
ated from foreskins of clinically normal newborn infants as described
previously (13). The human bladder carcinoma cell line T24 was pur
chased from the American Type Culture Collection (Rockville, MD).
EMEM, supplemented with 0.2 mM serine, 0.2 mivi aspartate, 1.0 mM
pyruvate, 10% FBS (Grand Island Biological Co., Grand Island, NY),
penicillin (100 units/ml), and streptomycin (100 Mg/ml) (complete
EMEM), was used for routine culturing of cells. Cells were grown at
37Â°C,in 5% CO2, water-saturated incubators.

Plasmids. Homer 6 plasmids (8) containing the T24 H-ras oncogene
(pHO6Tl), the cellular H-ras gene (pHO6Nl), or no additional se
quences (pHO6) were kindly provided by Dr. Neil Wilkie. These
plasmids contain the selectable marker gene, aminoglycoside phospho-
transferase, which confers resistance to the drug, G418.

DNA Transfection. The Polybrene/DMSO method, adapted for
transfection of diploid human cells by Morgan et al. (14), was used.
Briefly, 1 x IO5 cells (passages 7 to 10) were plated into 100-mm-
diameter dishes in complete EMEM and incubated at 37Â°C.After 16

'The abbreviations used are: p21, M, 21,000 protein; DMSO, dimethyl sulf-
oxide; EMEM, Eagle's minimal essential medium; FBS, fetal bovine serum;
Staph A buffer, 0.2 M phosphate buffer (pH 7.4)-1% Triton X-100-0.1% sodium
dodecyl sulfate-0.5% sodium deoxycholate-0.1% NaNj-0.1 M NaCl.
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TRANSFORMATION OF HUMAN CELLS BY T24 H-ras

to 24 h, the medium was removed and replaced with transfection
medium, i.e., 2.5 ml of complete EMEM containing 7.5 ng of Polybrene
per ml (Sigma Chemical Co., St. Louis, MO) and 1.2 to 2.0 u% of
plasmid per ml, and the dishes were returned to 37Â°C.The transfection

medium was distributed over the cells by shaking once every hour. After
6 h the transfection medium was removed, and the cells were treated
for 4 min at room temperature with 5 ml of complete EMEM contain
ing 30% freshly distilled DMSO. Following DMSO "shock" the cells

were rinsed 2 times with EMEM, refed with complete EMEM, and
incubated at 37Â°C.

Selection of G418 Resistance. If the transfected population were to
be selected for drug resistance, 24 h after DMSO shock the medium
was exchanged for complete EMEM containing 200 ng of active G418
(GIBCO) per ml. Colonies were allowed to develop for 14 days, with
one refeeding with this selective medium.

Assay for Focus Formation. If the transfected cells were to be assayed
for the ability to form macroscopic foci piled up on top of a monolayer
of contact-inhibited cells, they were not selected for G418 resistance,
but instead were allowed to grow to confluence in complete EMEM
following DMSO "shock." The cells were fed once per week for 3 wk

and then stained with mÃ©thylÃ¨neblue, and the foci were counted.
Assay for Anchorage Independence. Cells were trypsinized and resus-

pended in a modified version of Ham's MCDB110 (15) formulated in

this laboratory for use with serum replacements in studies requiring
absence of serum (16). For the present assay, 1% FBS was supplied.
The cells were counted electronically (Coulter Corp., Hialeah, FL) and
plated into top agar at a density of 4000 cells per ml. The top agar
consisted of the modified MCDB110 medium supplemented with 1%
FBS and 0.33% SeaPlaque agar (FMC Corp., Rockland, ME). The
bottom agar was prepared with the same medium, but supplemented
with 2% agar. One ml of top agar was plated per 35-mm-diameter dish
on top of 2 ml of solidified bottom agar. The following day and weekly
thereafter, 1 ml of modified MCDB110 medium with 1% FBS was
added to the top agar to compensate for evaporation. After 3 wk the
number of colonies with a diameter larger than 60 Mmwas determined
microscopically.

Southern Blot Analysis. Genomic DNA was isolated as previously
described (17). DNA was digested with restriction enzymes under
conditions recommended by the supplier (New England Biolabs, Bev
erly, MA). Ten ng of digested genomic DNA or 5.6 ^g of plasmid DNA
were electrophoresed in 0.8% agarose gels and transferred to nylon
filters (Gene Screen Plus; New England Nuclear, Boston, MA) using
standard techniques (18). Nylon filter prehybridization, hybridization,
and high stringency washing conditions were carried out as recom
mended by the supplier. The 2.9-kilobase Sad fragment of the T24 fi-
ras oncogene, nick translated with 32P-labeled deoxyribonucleoside

triphosphates (New England Nuclear, Boston, MA; 600 Ci/mmol) to a
specific activity of 1 to 2 x 10s cpm/Vg, was used for hybridization.
Filters were exposed to Kodak XAR X-ray film (Kodak, Rochester,
NY) with the aid of intensifier screens (Cronex Lightning Plus; Dupont,
Inc., Wilmington, DE) for 72 h at -70Â°C.

RNA Analysis. Cytoplasmic RNA dot blots were performed as de
scribed by White and Bancroft (19).

Detection of p21. Protein labeling and immunoprecipitation were
carried out essentially as described previously (20, 21) with the follow
ing modifications. Cells growing exponentially in the modified version
of MCDB110 medium supplemented with 10% FBS were plated into
100-mm-diameter dishes at Id" cells/dish. After 24 h the medium was

exchanged for 3 ml of this medium lacking methionine and FBS, but
supplemented with serum replacements (16). After 45 min, 1.0 mCi of
["Sjmethionine (1148 Ci/mmol; New England Nuclear, Boston, MA)

was added, and the cells were incubated for 24 h. Cells were lysed with
1.0 ml of Siapi i A buffer containing 2.0 HIMphenylmethanosulfonyl
fluoride (Sigma Chemical Co., St. Louis, MO) and 135 kallikrein
inactivator units/ml aprotinin (Sigma). Lysed cells were centrifugea at
35,000 rpm in a Beckman 50Ti rotor for 35 min. The supernatant,
containing 10* cpm of trichloroacetic acid-precipitable counts, was
immunoprecipitated for 2 h at 4Â°Cwith the monoclonal antibody Y13-

259 (22), kindly supplied by Dr. M. Anderson. Protein A-Sepharose
(Pharmacia Chemical Co., Piscataway, NJ) coated with goat anti-rat

Table 1 Frequency of transformation to altered cellular morphology
and focus formation

PlasmidpH06pHO6NlpHO6TlNo.of

dishesused
intrans

fection"2210119TotalG418-resistantcoloniesdetected5731752461G418-resistantcolonies/10Â«
cellstransfected*260175201Morpho

logicallyalteredcolonies/IO6

cellstransfected003Foci/10*cellstransfected'0039

" Cells ( 10') per 100-mm-diameter dish were transfected with 3 /ig of plasmid

DNA.
* Determined after 2 wk of G418 selection following transfection.
c Determined after 2 wk of growth in complete EMEM following transfection.

IgG (Cooper Biomedicai, Malvern, PA) was added, and the mixture
was incubated for 30 min at 4Â°C.The mixture was centrifuged, the

supernatant was removed, and the Sepharose fraction was washed twice
with Staph A buffer, once with a solution of 50 mM Tris-Cl (pH 7.5J-1
M MgClz, and one more time with Staph A buffer. Electrophoresis
sample buffer was added, and the samples were heated at 90Â°Cfor 5

min. The samples were centrifuged, and aliquots of the supernatant,
along with prestained protein molecular weight markers (Bethesda
Research Laboratories, Bethesda, MD), were electrophoresed (23)
through 12.5% sodium dodecyl sulfate-polyacrylamide gels for 4 h at
200 V. The gels were fixed, treated with autoradiographic enhancer
(Enlightning; New England Nuclear, Boston, MA), dried, and exposed
to X-ray film at -70Â°Cfor 24 to 72 h.

RESULTS

Frequency of Transfection to G418 Resistance. Plasmid
pHO6Tl, which contains the T24 H-ras oncogene, was chosen
for transfection of diploid human fibroblasts because of its
demonstrated ability to transform early passage rodent fibro
blasts into malignant cells (8) and because in our preliminary
experiments, other plasmids containing the T24 H-ras onco
gene proved to be ineffective in transforming human fibro
blasts.4 Plasmid pHO6Nl, which contains the normal, endog
enous H-ras gene, and plasmid pHO6, which has no ras gene,
were used as controls in the transfection experiments. Recom
binant plasmids were introduced into early passage (passages 7
to 10) diploid human fibroblasts using a modified Polybrene/
DMSO transfection technique. This transfection technique was
chosen because the frequency of G418-resistant clones obtained
was shown to be 10 to 40 times that achieved using calcium
phosphate (14). To increase the probability that colonies se
lected for resistance to G418 represented unique transfection
events, transfection and selection of cells were performed in the
same culture dish. The frequency of G418-resistant colonies
obtained after transfection of human fibroblasts with the var
ious Homer 6 plasmids is shown in Table 1. Each plasmid
construction yielded approximately the same number of G418-
resistant colonies per pg of transfected plasmid, i.e., 200 per
106 target cells.

Transformation to Altered Morphology. G418-resistant colo
nies were microscopically examined for evidence of altered
cellular morphology 2 wk following transfection and selection
in G418 medium. Only pHO6Tl induced morphological trans
formation, as indicated in Table 1. A representative colony of
morphologically transformed cells is shown in Fig. 1. The
morphologically transformed cells divided rapidly, were highly
retractile, and grew in irregular patterns, rather than the highly
oriented pattern of normal human fibroblasts.

Transformation to Focus Formation. Cells transformed follow

4 P. J. I Inrlin. D. G. Fry, V. M. MÃ¤her,and J. J. McCormick, unpublished

data.
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Fig. 1. Comparison of normal and trans
formed morphologies, a, normal human libro
blasts; b, fibroblasts transfecled with pHO6Tl.
Confluent cultures were fixed with methanol
and stained with mÃ©thylÃ¨neblue, x 100.
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Fig. 2. The focus-forming ability of pHO6Tl-transfected fibroblasts. Following transfection with pHO6Tl, which contains theT24 H-ras oncogene, or pHOÃ³Nl,
which contains the normal cellular H-ras gene, cells were allowed to grow for 3 wk under nonselective conditions. Confluent cells were trypsinized, replated at a 1:3
dilution, and then allowed to grow for an additional 3-wk before being stained with mÃ©thylÃ¨neblue, a, foci generated in a dish containing pHO6Tl transfretan is; b,
confluent monolayer in a dish containing pHO6Nl transfectants; c. x 40 magnification of a focus from the dish shown in a.

ing transfection with pHO6Tl could be also identified by their
ability to grow into a 3-dimensional array of cells, a focus, on
top of a monolayer of contact-inhibited cells. This type of
aberrant growth behavior is a common characteristic of tumor
cells, including those derived from human fibrosarcomas.4 Mac

roscopic foci and an individual focus of pHO6Tl-transfected

fibroblasts surrounded by adjacent nontransformed fibroblasts
are shown in Fig. 2. The number of foci observed per 100-mm-

diameter dish following 3 wk of growth under nonselective
conditions was approximately 10-fold greater than the number

of morphologically transformed colonies observed after 2 wk
of G418 selection (see Table 1). No foci were generated follow
ing transfection of the control plasmids, pHO6Nl and pHO6,
which lack the oncogene. Microscopic inspection of the mor
phology of the cells making up the focus revealed that not all
cells capable of forming foci exhibited the transformed mor
phology. Thus, the number of foci is a more sensitive determi
nation of the frequency of transformed cells following transfec
tion with pHO6Tl than is the number of morphologically
transformed colonies.

Induction of Anchorage Independence. Morphologically trans

formed, G418-resistant colonies obtained following transfec
tion with pHO6Tl and G418-resistant colonies obtained fol

lowing transfection with the control plasm id, pHO6Nl, were
compared for their ability to form colonies in soft agar. The
cell populations assayed were derived from pooled colonies that
had been isolated 24 h earlier. No colonies were observed in
the control dishes, representing a total of 8000 cells assayed
(frequency, <1.25 x 10~4). In contrast, 122 colonies with a

diameter equal to or larger than 60 /Â¿mwere observed with the
oncogene-transformed cells, of a total of 16,000 cells assayed
(frequency, 76 x IO"4).

A concomitant comparison of the ability of the two popula
tions to form colonies on plastic showed that the cloning
efficiency of the control cells was twice that of the transformed
cells (data not shown). Therefore, when measured under the
stringent conditions (1% FBS) used in this assay, cells exhibit
ing the transformed morphology formed colonies in soft agar
at a frequency at least 60 times that of the control cells.

Analysis for the Presence of Transfected Sequences. G418-
resistant colonies that exhibited the transformed morphology
were isolated, pooled in groups of several clones, and expanded
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TRANSFORMATION OF HUMAN CELLS BY T24 H-ras

for several population doublings. High-molecular-weight DNA
was extracted and digested with restriction endonucleases Xbal
and Hindlll (double digestion) to liberate specific size frag
ments (2.5 and 4.5 kilobases) that are diagnostic for an intact
region of plasmici pHOÃ³Tl containing the T24 H-ras oncogene,
its endogenous promoter, and exogenous 5' and 3' enhancer

sequences (8). The DNA was analyzed by the method of South
ern (18). As shown in Fig. 3, cells exhibiting the transformed
morphology contain the 4.5- and 2.5-kilobase fragments. The
intensity of these two fragments was approximately half that of
the endogenous rax sequences, indicating that the cells contain
only one copy of the transfected ras gene.

We found that, if the morphologically transformed G418-
resistant cells were passaged extensively, even in the presence
of selective medium, they eventually reverted to a normal mor
phology. Of the 38 morphologically transformed colonies ana
lyzed, 38 reverted to a normal morphology within 25 population
doublings following transfection. These reverted cells were as
sayed for the ability to form foci, to form colonies in soft agar,
and for the presence of the T24 H-ras oncogene and its protein
product. They did not form foci or colonies in agar. However,
Southern blot analysis showed that the revenants still possessed
the transfected oncogene (Fig. 40).

Expression of the T24 H-ras Oncogene in Transformed Cells.
Substitution of valine for glycine at the 12th amino acid position
of the T24 //-raj-encoded p21 alters its electrophoretic mobil
ity, making it distinguishable from normal, endogenous p21
(24). Seven independent G418-resistant, morphologically trans
formed clonal populations obtained after pHO6Tl transfection
and 5 clonal populations that reverted to the normal fibroblast
morphology were analyzed for the presence of the mutated
form of p21 by radioimmunoprecipitation analysis using mono
clonal antibody Y13-259 (22). Fig. 4 shows a comparison of
p21 expression in pHO6Tl transfectants exhibiting a trans
formed morphology, and in cells which reverted to a normal
morphology. In cells transfected with the control vector (Lanes
1 and 7) and in pHO6Tl transfectants that reverted (Lanes 3

to 5), the characteristic p21 doublet (20) is expressed (see
dashes). The pHO6Tl transfectants exhibiting a transformed
morphology expressed an additional p21 species that Â«Â»mi
grated with a p21 species expressed in the human bladder
carcinoma cell line T24. The mutant species migrated imme
diately below the slower migrating, normally present p21 spe
cies (see arrow). A similar pattern of expression has been
observed in all seven of the morphologically transformed pop
ulations analyzed. The additional p21 species was not observed
in any of the reverted populations, or in control, vector (pHO6)-
transfected populations tested.

RNA dot blot analysis of cytoplasmic RNA samples indicated
that transfectants maintaining the transformed morphology
expressed higher than normal levels of //-raj-specific RNA.
Fig. 5 shows that samples from such cells (Lanes 2 and 3)
expressed approximately 4 times the amount of H-ras RNA
expressed in control cells (vector transfected; Lane 1). This
higher level of expression of H-ras RNA correlates with expres
sion of the T24-H-ras p21 species in pHO6Tl-transfected,
morphologically transformed cells.

Analysis for Tumorigenicity. Three G418-resistant, morpho
logically transformed colonies obtained following transfection
with pHO6Tl were expanded into large populations in selective
medium and assayed for tumor-forming ability in athymic mice
as described previously (25), except that 2 x IO6 test cells plus
8 X IO6 normal human fibroblast s were injected per mouse.

Three mice were used per test. No tumors or indications of
growth were observed over a period of greater than 1 yr.
However, progeny of the morphologically transformed cells
reverted to the normal fibroblast morphology during the expan
sion required to obtain enough cells for this assay. When these
revenant cells were continually passaged as part of a life-span
assay, they senesced at a population doubling level comparable
to that of normal human fibroblast populations.

DISCUSSION

Results of the present study show that normal diploid human
fibroblasts can be transformed into morphologically altered,

1 2 4 5
Fig. 3. Southern blot analysis of cellular

DNA from morphologically transformed cells
obtained following transfection with pHO6Tl.
Following transfection of pHO6Tl and G418
selection, colonies of morphologically trans
formed cells were isolated and pooled so that
each pool represented 3 to 4 separate clonal
populations. The clonal populations were ex
panded, and high-molecular-weight DNA was
extracted from them and from the parental
strain of normal diploid human fibroblasts
used for transfection. Ten ^g of DNA fromeach sample were digested with A'Aol and
///'mllll (double digest), electrophoresed

through a 0.8% agarose gel, and transferred to
nylon filters. The filters were hybridized with
the 2.9-kilobase Sac I fragment of the T24 ti
ros oncogene radioactively labeled by nick
translation, a. Lane I, nontransfected normal
diploid human fibroblasts; Lanes 2 to 5, pooled
populations of morphologically transformed
cells. Hybridizing fragments of 4.5 and 2.5
kilobases are diagnostic for the presence of
transfected T24 H-ras oncogene sequences, b,
Southern blot analysis of high-molecular-
weight DNA extracted from progeny cells of
those analyzed in Fig. 4a. but which had re
verted to the normal fibroblast morphology.
DN As were analyzed as above. Lanes 2' to 5 '

are the progeny cells from the respective lanes
in Fig. 4Â«:kt>.kilobases.

kb

4.5-

2.5-

2' 3' 41 5'
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789
123

Fig. 4. Analysis of ras gene expression. [3*S]Methionine-labeled cellular ex
tracts were immunoprecipitated with monoclonal antibody Y13-259, the immu-
noprecipitates were electrophoresed on 12.5% polyacrylamide gels, and the gels
were analyzed by fluorography. Lanes 1 and 7, cells transfected with the control
vector. pHO6; Lanes 2 and 8, the human bladder carcinoma cell line, T24; Lanes
3 to 5, independent clonal populations that reverted from a transformed mor
phology to a normal morphology following transfection with pHO6T 1; Lanes 6
and 9, pHO6T 1-transfected. morphologically transformed cells; Lanes 7 to 9, a
second analysis of Samples 1, 2, and 6, respectively. Dashes, endogenous p21
doublet; arrows, mutant (T24) H-ras p21.

focus-forming, and anchorage-independent cells following
transfection of the T24 H-ras oncogene. Our results, showing
that the transformed cells exhibited anchorage independence,
support the results obtained by Sutherland et al. (11) and extend
that study by showing that the transformed cells expressed the
T24 H-ras protein. However, unlike Sutherland et al. (11) we
did not use anchorage independence to identify transformed
populations of cells directly following transfection. Therefore,
it is not possible to directly compare our frequency of anchor
age-independent cells with theirs.

If the anchorage independence exhibited by cells transfected
with the T24 H-ras oncogene in the enhancer-free plasmid used
by Sutherland et al. (11) is an indication that the transfectants
were expressing the mutant p21, then it is difficult to under
stand why Sager et al. (10, 12), did not observe any evidence of
transformation. They used the same oncogene, but in a plasmid
which contains a set of transcriptional enhancer sequences, and
they found expression of mutant p21. An obvious explanation
for the difference between the results of Sager et al. (10, 13)
and those we present here is a difference in the level of expres
sion of p21 resulting from the use of different plasmid construc
tions containing the T24 H-ras oncogene. When we began
transfection studies using normal diploid human fibroblasts as
recipients, like Sager et al. (10, 12) we constructed and used a
pSV2-derived plasmid containing the T24 H-ras oncogene and
found, as they did, no evidence of morphological transformation

* â€¢
2x1 05

IxlO5

2.5xl04

6.25xl03

B 1 2 3
2xl05

Fig. 5. H-ras RNA expression. Cytoplasmic samples were extracted from 8 x
10s cells, denatured, diluted to the equivalent cell number indicated, and spotted
onto nitrocellulose filters. I. hybridization with the Sad 3-kilobase T24 H-ras
fragment, nick translated with "P-labeled deoxyribonucleoside triphosphates.

Lane 1, cells transfected with the control vector, pHO6; Lanes 2 and 3, cells
transfected with pi K HiI 1 and exhibiting a transformed morphology. B, hybridi
zation of the same samples as in A with a A-rnicroglobulin probe to control for
variability in the amount of cytoplasmic extract loaded.

or focus formation.4 What is more, there was no induction of
anchorage independence.4 The positive results reported in the

present study were generated using a plasmid (pHO6Tl) that
was specifically designed by Spandidos and Wilkie (8) to elicit
high expression of the T24 H-ras oncogene in mammalian cells

by inserting the oncogene between two sets of transcriptional
enhancer sequences. Therefore, we interpret our results to in
dicate that a sufficiently high level of expression of the T24 ti
ras oncogene was achieved to cause the transformation of
normal human fibroblasts, and that the pSV2-T24 plasmid of
Sager et al. ( 12) was not capable of generating such levels. This
interpretation does not explain the negative results of Spandi
dos (9), who recently reported that transfection of normal
human fibroblasts with pHOoTI did not cause anchorage in
dependence or any obvious morphological transformation.
However, Spandidos used a different method of transfection
(calcium phosphate) then we did (DMSO/PoIybrene) and ex
amined a relatively small number of independent G418-resist-
ant colonies (~200) compared to the total number we examined
(>2461).

The results of numerous ras oncogene transfection studies
carried out with rodent fibroblasts suggest that high expression
of the T24 H-ras oncogene can be attained, and that with such
expression the tumorigenic phenotype is induced (6-9). Our
studies with human fibroblasts indicate that the transfected
oncogene is expressed at low levels, compared to what has been
observed in rodent fibroblasts, and that such expression is lost
as the cells are passaged. Because of the eventual loss of
expression, and the accompanying loss of the transformed
phenotype during the extensive propagation of the clonal iso
lates to sufficient size for testing tumorigenicity, we could not
properly assess this phenotype in pHO6Tl transfectants. How
ever, there is evidence that ras oncogenes are involved in neo-
plastic transformation of human fibroblasts. For example.
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transfection of diploid fibroblasts derived from Bloom's syn

drome patients with DNA from NIH 3T3 cells that had been
transformed by Harvey murine sarcoma virus DNA resulted in
cells able to form nodules in athymic mice (26). These nodules
subsequently regressed (26). Also, Harvey (27) or Kirsten mu
rine sarcoma virus (28) infection of human fibroblasts that had
acquired an indefinite life span in culture following SV40 virus
transformation or repeated exposure to y radiation resulted in
cells able to form tumors. One group (27) indicated that the
tumors regressed; the other (28) found they did not. Three
groups (29-31) have succeeded in causing neoplastic transfor
mation of human epithelial cells by ras oncogene transfection.
Further studies to determine if diploid human fibroblasts that
continue to express the T24 H-ras oncogene are tumorigenic
and whether this gene cooperates with other oncogenes (e.g.,
myc) in causing malignant transformation of human fibroblasts
are in progress.
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