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This paper describes the selective HAT system (hypo-
xanthine, aminopterin, thymidine) designed for
quantitative scoring and isolation of hypoxanthine-
guanine-phosphoribotransferase-positive (HPRT+ or
IMPPase+) cells, and its application for the first dem-
onstration of DNA-mediated genetic transformation
of human cells, at the HPRT locus. No HPRT+ rever-
tants were ever observed with the D98/AH-2 HPRT-
recipient cells, but with increasing HPRT+ DNA con-
centrations the transformation frequency increased
linearly, up to 1,000-fold over the detection limits.
[The SCI ® indicates that this paper has been cited in
more than 370 publications.]
————to———
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In 1957-1958, | extended our work in micro-
bial genetics to analogous studies with human
cell lines by adarting the Detroit 98 human
bone marrow cell line and isolating various
mutants, including azahypoxanthine-resistant
(D98/AH;HPRT") strains, which we showed to
be missing the HPRT enzyme (designated IMPP-
ase in the early 1960s; Proc. Amer. Assoc. Can-
cer Res. 3:272, 1961). When attending a lecture
of Van Potter, my colleague at McArdle
Laboratory, on the purine pathways, it occurred
to me that one could also select for gain of the
HPRT function using a medium containing
aminopterin (A; to block de novo rurine synthe-
sis), thymidine (T; to compensate for thymidilate
synthesis inhibition by aminopterin), and hypo-
xanthine (H; as a source of purine nucleotides
providing that HPRT is regained). More signifi-
cantly, we also developed a system to select for
HPRT gain, using a medium which my wife, Eliz-
abeth, named HAT. Using this pow | selection
and a mutant, D98/AH-2, which has never pro-
duced any revertants on HAT medium, we began
to look for DNA-mediated transformation of
HPRT- cells to the HPRT+ phenotype. We ex-
Eosed D98/AH-2 (HPRT) cells suspended in

igh-phosphate buffer (to retain favorable pH)
to increasing concentrations of HPRT* DNA pu-

rified from D98S cells, and plated the treated
cells on HAT medium. Early experiments were
not successful, but when spermine was added
and enough time for phenotype expression pro-
vided, we obtained nearly a 1,000-fold increase
in transformants over the detection limit. We
included all the appropriate controls and even
fractionated and assayed the transforming DNA
in a shallow CaCl gradient.

Although first puzzled by the formation of a
precipitate when spermine was used with high-
phosphate buffer, we soon found that this was
Ca. ate, since our ine ration
conphined more than 10 mt Cgcrfr?as de-
tected by spectroscopic analysis). Thus,
Ca-phosphate was vital for transformation, al-
though ine still improved its efficiency by
two- to threefold.!

In 1962-1963, | constructed a hybridoma line
by fusing my own skin cells with D98/AH-2 and
using HAT selection. Similarly, using our HAT
selection system, J.W. Littlefield23 selected cell
hybrids in 1964, and, 14 years after we designed
HAT selection, G. Kohler and C. Milstein¢ ap-
plied it to making monoclonal antibodies, for
which they were awarded a Nobel Prize.

When presenting our data at seminars and
symposia in 1962-1964, we coined the terms
“gene surgery” and “gene therapy” to stress the

inical potential of our work, but there was
little interest in our results (except among poul-
try breeders),! probably because at that time
prokaryotes, DNA synthesis, and the genetic
code were at the center of attention. Thus in
1964, 1 decided to limit our studies to prokary-
otic systems, especially phage A, while deposit-
ing all of our cell lines, including D98/AH-2,
with ATCC in Washington.

Transformation of mammalian cells is now
routine, but as often happens with standard pro-
cedures, secondalz publications rather than our
nearly 30-year-old paper are usually cited. To
our surprise, a patent was issued in 1983 for
transformation of mammalian cells® using our
HAT selection procedure. Of several reviews
and books referring to our 1962 PNAS paper,
space permits citing only two,5” published at the
beginning and the end of the past decade.
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