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fresh medium to 90% confluent cultures of G418-resistant
cells, collecting the medium 16-20h later, filtering it through a
0.45 um filter, using it immediately for infection, or freezing it
at —80°C. Retrovirus supernatants were titered for G418-
resistant colony forming units (cfu)/ml on NIH3T3 cells. For
virus infection of Balb/MK-2 keratinocytes, cells were seeded
overnight at a density of 5 x 10° cells per 100mm dish in
growth medium containing 8 ugmi~? polybrene. Virus super-
natants, containing 1-5 x 10°cfu were added for overnight
incubation, with virus containing medium then removed and
replaced with fresh growth medium without EGF. The
appearance of EGF-independent foci of transformed cells was
monitored for up to five weeks. For infection of PC12 cells,
1-5 x 10° cfu were added to 5 x 10° cells/60mm dish of cells
in TMEM medium containing 8 ugml~" polybrene. After 16—
20h, the virus was removed, and fresh growth medium was
added to the cultures. The appearance of neurite outgrowths
were monitored for two weeks.

Colony formation in soft agar ; |

G418-selected NIH3T3 cell populations were used for this
analysis. To assay for growth in soft agar (Der & Stanbridge,
1978), an agar base layer containing growth nutrients was

References

Adari, H,, Lowy, D.R., Willumsen, B.M,, Der, C.J. & McCor-
mick, F. (1988). Science, in press.

Barbacid, M. (1987). Ann. Rev. Biochem., 56, 779-827.

Bar-Sagi, D. & Feramisco, J.R. (1985). Cell, 42, 841-848.

Cepko, C.L., Roberts, B. & Mulligan, R.C. (1984). Cell, 37,
1053-1062.

Clanton, D.J., Hattori, S. & Shih, T.Y.. (1986) Proc. Natl.
Acad. Sci. US A, 83, 5076-5080.

Clanton, D.J., Lu, Y., Blair, D.G. & Shih, T.Y. (1987). Mol.
Cell. Biol., 7, 3092-3097.

Colby, W.W., Hayflick, J.S., Clark, S.G. & Levinson, A.D.
(1986). Mol. Cell. Biol., 6, 730-734.

Cooper, G.M. (1982). Science, 217, 801-806.

Copeland, N.G. & Cooper, G.M. (1979). Celi, 16, 347-356.

Copeland, N.G., Zelenetz, A.D. & Cooper, G.M. (1979). Cell,
17, 993-1002.

Der, C.J. & Cooper, G.M. (1983). Cell, 32, 201-208.

Der, CJ.,, Finkel, T. & Cooper, G.M. (1986a). Cell, 44, 167-
176.

Der, CJ., Pan, B.-T. & Cooper, G.M. (1986b). Mol. Cell. Biol.,
6, 3291-3294.

Der, CJ. & Stanbridge, E. (1978). Cell, 15, 1241-1251.

Dever, T.E., Glynias, M.J. & Merrick, W.C. (1987). Proc. Natl.
Acad. Sci. USA, 84, 1814-1818.

de Vos, AM., Tong, L, Milburn, M.V., Maitias, P.M., Jan-
carik, J., Noguchi, S, Nishimura, S., Miura, K., Ohtsuka, E.
& Kim, S.-H. (1988). Science, 239, 888-893.

Feig, LA, Pan, B.T,, Roberts, T.M. & Cooper, G.M. (1986).
Proc. Natl. Acad. Sci. USA, 83, 4607-4611.

Finkel, T., Der, CJ. & Cooper, G.M. (1984). Cell, 37, 151-158.

Furth, M.E,, Davis, LJ,, Fleurdelys, B. & Scolnick, E.M.
(1982). J. Virol., 43, 294-304.

Gibbs, J.B, Ellis, RW. & Scolnick, E.M. (1984). Proc. Natl.
Acad. Sci. US A, 81, 5704-5708.

Gilman, A.G. (1984). Cell, 36, 577-579.

Goodrich, G.A. & Burrell, H.R. (1982). Anal. Biochem., 127,
395-401.

Halliday, K. (1984). J. Cyclic. Nucleic Res., 9, 431-448.

Hurley, J.B., Simon, M.I, Teplow, D.B., Robishaw, J.D. &
Gilman, A.G. (1984). Science, 226, 860-862.

Jurnak, F. (1985). Science, 230, 32-36.
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Tumorigenicity analysis

Congenitally athymic nu/nu (nude) mice were used to deter-
mine the tumorigenic growth properties of each transfected
cell line (Stanbridge & Wilkinson, 1978). Cells were harvested
by trypsinization and suspended in serum-free TMEM. 0.2mi
ions of cells ining 1 x 10° cells were inoculated
subcutmeously into the ventral midline. All animals were
examined for the presence of tumors at regular intervals.
Negative animals were maintained for up to three months.
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Melanoma formation in the poeciliid fish Xiphophorus is
mediated primarily by a cellular oncogene, designated
Tu. Elimination of Tu-specific genes releases the trans-
forming function of Tz and leads to melanoma forma-
tion. Southern blot analyses revealed a tight linkage of a
v-erb B related gene to the Tu-locus and Northern blot
analyses of RNA of solid melanomas indicated a coordi-
natéd deregulation and/or mutational activation of
several oncogenes. In order to get a better insight into the
regulation of oncogene expression in normal and trans-
formed cells of Xiphophorus, we studied the expression of
Xsre, Xras, Xmyc, Xerb A, Xsis, and the v-erb B related
gene in a melanoma derived cell line (PSM) and an
embryonic cell line (A2) under conditions of low growth
factor supply. Both cell lines express the Xsrc, Xmyc, and
Xras genes, while PSM cells in addition express the v-erb
B related gene and A2 cells the Xsis gene. In PSM cells
serum deprivation leads to an accumulation of most of
the oncogene mRNAs analysed. This is most apparent for
a 5.0kb transcript of the v-erb B related gene, probably
due to an increase in transcript stability. The levels of
these mRNAs returned to normal within 2h after stimu-
lation with 10% fetal calf serum. At the protein level we
observed an initial decrease followed by an increase of the
pp60°~ " kinase (the protein product of the Xsrc gene)
activity in cells deprived of serum. Serum stimulation re-
stored a normal pp60°~*" kinase activity. In contrast

" serum deprivation of A2 cells reduced the transcript

amounts of each of the oncogenes analysed. The same
holds true for one p-tubulin transcript, while the level of a
second B-tubulin transcript was unaffected. Serum stimu-
lation led to a reactivation of Xras and Xsrc after a delay
of approximately 48 h. The pp60°~ "™ kinase activity was
found to be 6-10 times lower as compared to the PSM
cells and did not differ between serum deprived and
serum stimulated cells, Enzyme activities and isoenzyme
patterns of several glycolytic enzymes were found to be
not-affected by serum deprivation and stimulation in both
cell lines.

Introduction

COne of the most prominent features of tumor cells is
their autonomous growth due to a loss of constraint by
exogenous proliferation signals. In vitro this is evi-
denced by an independence from growth factors, i.c. the

lumor cells are able to propagate with low amounts or
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even without serum being the major source for growth .
stimulating factors in the tissue culture medium. It was
proposed that autocrine stimulation (Sporn & Todaro,
1980) is the mechanism which enables the malignant
cells to maintain their neoplastic phenotype (DeLarco
et al, 1978; Kaplan et al., 1982; Ozanne et al., 1980) by
producing, secreting and utilizing their own growth
factors. Several of these growth factors (so-called trans-
forming growth factors, TGFs) were able to render
normal indicator cell lines morphologically transformed
and anchorage independent (Kaplan et al., 1981; Moses
et al., 1981). In subsequent studies it was shown that
cells transformed by introduction of viral oncogenes
lose the growth control previously exercised by serum
or platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF) or other mitogenic factors (Powers
et al., 1984; Zhan & Goldfarb, 1986). Structural analysis
of some oncogenes has uncovered a functional relation-
ship between these genes and cellular growth factors.
For example the v-erb B gene encodes for a truncated
form of the epidermal growth factor receptor which
itself is encoded by the c-erb B gene (Downward et al.,
1984), c-fms encodes for the mononuclear phagocyte
growth factor (CSF-1) receptor (Sherr et al., 1985) and
the v-sis gene encodes the B chain of PDGF (Waterfield
et al, 1983), indicating that both viral and cellular
oncogenes might be involved in the mechanisms leading
to growth autonomy. On the other hand, not every cell
becomes fully transformed after transfection with one
oncogene, and often cotransfection experiments using
different combinations of these oncogenes are necessary
to obtain the full neoplastic phenotype of a cell (Land et
al., 1983a; Land et al, 1983b; Newbold & Overell,
1983; Ruley, 1983). In addition it was demonstrated
that tumor cell cultures obtained from solid tumors
express a set of different oncogenes (O’Hara et al., 1986;
Perucho et al., 1981; Pulciani et al., 1982; Spandidos et
al., 1985) indicating that coordinated deregulation
and/or mutational activation of several oncogenes is
possibly a prerequisite for maintenance of the neoplastic
phenotype in the in vivo situation. .
To analyse such a coordinate deregulation, studies on
both solid tumors and the corresponding in vitro cul-
tured cells are necessary. The Xiphophorus melanoma
system offers the unique possibility to study the expres-
sion of oncogenes in hereditary solid melanoma as well
as in a melanoma derived cell line in vitro. In the poecil-
iid fish Xiphophorus, certain hybrid genotypes sponta-
neously develop malignant melanoma. Melanoma
formation has been attributed by classical genetic
studies to the overexpression of a dominant cellular
oncogene, termed Tu. In non-tumorous fish, Tu was
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Human peripheral blood lymphocytes are refractory to
DNA transfection, yet an increasing number of molecu-
lar genetic applications require. the introduction of bio-
logically active DNA into primary cells. We have

developed a technique employing electroporation for effi-

cient introduction of recombinant DNA into primary
lymphoid cells. Electroporation has previously been used
for transfection of cultured cell lines. We define condi-
tions which allow introduction of DNA into primary cells
with efficiencies comparable to those obtained for lym-
phoid cell lines and by calcium phosphate transfection of
fibroblast cell lines. We use the method to investigate
relative activities of tissue-specific and non-specific pro-
moters and trans-activation of human T-cell leukemia
virus and human immunodeficiency virus promoters in
their normal target cells, i.e., primary human T cells.

Introduction

The ability to introduce DNA into eukaryotic cells has
contributed to many recent advances in - molecular
biology. Transformation assays using high molecular
weight input DNA have resulted in the identification of
cellular oncogene-related es, and subsequent
studies have revealed some of the mutations responsible
for activation of oncogenes (Bishop, 1983). The develop-
ment of efficient eukaryotic expression vectors has con-
tributed to understanding the function of many genes.
Expression of cloned genes has also been used to screen
cDNA libraries, and has facilitated the isolation of
genes encoding novel proteins, particularly in the case
of cellular growth factors (Clark & Kamen, 1987).

A variety of techniques have been developed to trans-
fer DNA into cells from higher organisms, although the
precise mechanisms by which many of these methods
operate are not fully understood. Two of the most fre-
Quently utilized methods are calcium phosphate precipi-
tation (Chu & Sharp, 1981; Graham & Van der Eb,
1973) and diethylaminoethyl (DEAE)-dextran trans-
formation (McCutchan & Pagano, 1968). In the former
technique, DNA in a solution of calcium chloride is
mixed with phosphate-containing buffer, causing the
formation of an insoluble calcium-phosphate precipitate
Which entraps the DNA. A major limitation of this tech-
Dique is that it is most efficient when applied to fibro-
blasts and other adherent cell types. In contrast,
DEAE-dextran is an ionic polymer, and does not cause
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. precipitation of DNA. Therefore, this technique is

applicable to both adherent cells as well as nonadherent
cells, such as those of lymphoid origin. Another tech-
nique applicable to lymphoid cells is protoplast fusion,
in which DNA is transferred into the cells by membrane
fusion of bacterial protoplasts and target cells promoted
by polyethylene glycol (Schaftner, 1980). However, all of
the above techniques suffer from the disadvantage that,
although efficient for established cell lines, they are
unsuitable for the introduction of DNA into primary
cells.

The technique of electroporation relies on the transfer
of extracellular DNA molecules into the cell when an
electric field is applied. This technique has recently
begun to gain wider acceptance, and is now being used
to transfer DNA into mammalian (Neumann et al,
1982; Potter et al., 1984), plant (Boston et al., 1987;
Fromm et al., 1985), and even bacterial cells (Lian-ying
& Wong, 1984; Shivarova et al., 1983). However, almost
without exception, the technique has been applied to
cultured cell lines. We have modified the procedure for
application to primary human lymphoid cells. Here we
describe the procedure and report model applications
involving foreign gene expression, relative promoter
activities and trans-activation of human retrovirus
LTRs in their normal target cell. The ability to study
gene expression in primary lymphocytes, where the
internal cellular environment differs from that of
immortalized cells in many ways which are not fully
understood, will be valuable in elucidation of mecha-
nisms of genetic control.

Results

Transient expression of CAT in lymphocytes

High cell viability (>90%, as assayed by trypan-blue
staining) prior to electroporation was found to be neces-
sary for efficient expression of chloroamphenicol acety-
Itransferase (CAT) activity from recombinant
constructs. (Peripheral blood lymphocytes (PBL) stimu-
lated with phytohemaglutinin (PHA) for 3 days as
described in Materials and methods were generally
>90% viable). Although individual experiments
showed variation from 50-90% viability 24 h after elec-
troporation, cell viability was normally between
70-80% at this time. Transient expression of CAT
activity was found to be highest 24h after electro-
poration, gradually declining thereafter (not shown).
PBL used for electroporation were stimulated for
three days with PHA and IL-2. No attempt was made
to examine CAT gene expression in cells stimulated for





