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sage into mice where the new cell type produced a
high incidence of tumors.

Surprised by this result and unsure how to exploit
it, BARSKI, who knew of EPHRUSSI’s interests in tissue
culture and somatic cell differentiation, turned to his
colleague in Paris, explaining what he had found.
EPHRUSSI was immediately fascinated with the oppor-
tunity presented by somatic cell hybridization. Should
the phenomenon be reliably reproducible, it would
provide a basis for genetic studies on differentiated
cells that might shed light on the very questions that
had driven his research for many years.

Many biologists, of course, had been hoping for just
such a possibility. Among those who influenced
EPHRUSSI were J. LEDERBERG and G. PONTECORVO.
LEDERBERG, commenting partly on EPHRUSSI’s views
about determination and differentiation in a sympo-
sium on genetic approaches to somatic cell variation,
explicitly argued that one should anticipate the mating
of somatic cells followed by segregation of chromo-
somes since all of the “unit processes” required for
such hybridization had been demonstrated separately
on one system or another (LEDERBERG 1958, p. 384;
see also LEDERBERG 1956, p. 663). PONTECORVO,
partly in light of his experience with parasexuality in
Aspergillus and other fungi, was a long-term advocate
of the application of genetic analysis of mitotic recom-
bination in somatic tissues of higher organisms (e.g.,
PONTECORVO and KAFER 1958, p. 103; PONTECORVO
1961).

Working with SoRIEUL in his own laboratory,
EPHRussI started the search for somatic cell hybrids
on January 3, 1961, only months after BARSKI’s first
report appeared. He set out to verify the original
reports and, if possible, to convert the phenomenon
into a genetic tool for probing the differentiated states
of such cells. In a preliminary report, SORIEUL and
EPHRussI (1961) wrote, “If this hope is justified hy-
bridization may become a useful tool for the investi-
gation of a number of problems of somatic cell ge-
netics, of oncology and virology.” In a number of
subsequent publications, EPHRuUSSI spelled out the
characteristics which would allow these hybrids to
meet his research needs. These included:

« Hybridization would have to occur often enough
that cells of different genetic constitutions within a
species—normal as well as neoplastic-could be readily
“mated.”

¢ It would have to be possible to detect and select
the hybrid cells against the background of parental
cell types.

* Hybrid cells would have to be stable and capable
of persisting through many cycles of transfer in tissue
culture.

* Genes contributed by both parental sets of chro-

mosomes would have to be functional in the hybrid
cells.

* Some form of “segregation,” analogous to genetic
exchange in microorganisms or recombination in sex-
ual reproduction, would have to occur (perhaps via
random chromosome loss or mitotic recombination)
so that distinct gene combinations could be generated
in different hybrid cells.

This last requirement is extremely important. It
represents an extension of EPHRUSSI’s transplantation
methodology. By trapping different groups of chro-
mosomes or chromosome segments in a single nucleus,
somatic cell hybridization would mimic the transplan-
tation of particular chromosomes or chromosome seg-
ments from one cell into another, allowing one to test
the effects of their presence on cell functions and the
regulatory controls altering the expression of their
genes.

Over the next few years, while on prolonged leave
at Western Reserve, EPHRUSSI developed his new re-
search program. He and his group invested much
effort to turn mouse somatic cell hybrids into a reliable
system, running huge series of experiments on hybrid
cells to establish control of the basic phenomena and
the stability of appropriate markers. They proved that
each of the desiderata listed above could be met,
including, in particular, that segregation occurred
through accidental loss of chromosomes during the
cycles of mitoses that followed the original cell fusion
events (EPHRUSsSI and SORIEUL 1962a,b; EPHRUSSI et
al. 1964).

But the system was still suboptimal. The selection
of hybrids was a major problem. Unless hybrid cells
enjoyed a significant growth advantage over the pa-
rental cells—which, in one frustrating case, was finally
found to occur only at 28-29°, rather than the higher
temperatures employed in tissue culture incubators
(ScaLETTA and EPHRuUssI 1965)-one could not find
or isolate them. This problem limited the range of
hybrid cells available for experiment. Also, the group
had only karyological markers to work with, which
made the protocols extremely laborious. Worse, since
there were no distinctive chromosomes in most of the
crosses they wanted to carry out, fusions between
different parental cells were often indistinguishable
from fusions between two similar cells.

The solution to this experimental dilemma came
from another laboratory. JOHN LITTLEFIELD at Har-
vard developed the HAT system of the SzZYBALSKIs
(SzYBALSKI, SZYBALSKA and RAGNI 1962; SZYBALSKA
and SzyBALSKI 1962) into a tool for selecting cell
hybrids. When the de novo biosynthetic pathway for
nucleotide precursors of DNA is blocked, the enzymes
thymidine kinase (TK) and hypoxanthine-guanine
phosphoribosyl transferase (HPRT) are required for
production of pyrimidine and purine nucleotides, re-
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spectively, in the “salvage” pathway. LITTLEFIELD co-
cultured two mutant lines of mouse cells in the Szy-
BALSKIs' HAT medium, one TK™, the other HPRT™.
This medium contains hypoxanthine (H, the substrate
for HPRT), aminopterin (A, an inhibitor of de novo
DNA synthesis) and thymidine (T, the substrate for
TK). In these conditions, only cells simultaneously
TK* and HPRT?" (presumptive hybrids) are capable
of utilizing thymidine and hypoxanthine to form DNA
via the salvage pathway; all others die (LITTLEFIELD
1964). This system provided the means for selection,
thus greatly expanding the search for mouse somatic
cell hybrids. DAVIDSON and EPHRUSSI (1965) were able
to adapt the LITTLEFIELD system to produce a “half-
selective” system in which only one of the parent cells
is HPRT™ or TK™. The other parent can come from
any mouse cell line that displays contact inhibition in
cell culture, including normal diploid cells. In this
modification, the biochemical mutant cannot grow in
the HAT medium and the normal cells will form a
monolayer on the surface of the growth vessel. Hybrid
cells can then be recognized by their ability to grow
in clumps on top of the monolayer, from which they
can be isolated and maintained in pure culture (DAv-
1DsON and EPHRUSSI 1965).

EpHRussI and his co-workers applied the methods
they had painstakingly developed during 4 years to
address some larger questions about determination,
differentiation, regulation of the cell cycle, and the
onset and inheritance of neoplasticity. Some hints
about regulatory phenomena began to emerge as they
observed the gain and loss of particular antigens and
enzyme bands in hybrids (e.g., SPENCER et al. 1964;
GREEN ¢t al. 1966; DEFENDI et al. 1967) and other
experiments were begun to test for dominance or
recessiveness, or positive or negative regulation, of
neoplasticity (e.g., EPHRUSSI 1965; DEFENDI et al.
1967). The mouse hybrids with their “transplanted”
chromosomes were beginning to yield interesting re-
sults, with the promise of more insights into the secrets
of differentiation.

Interspecific cell hybrids: By his own account,
EPHRUSSI was truly startled to learn from the New York
Times (February 17, 1965) that HENRY HARRIS and J.
F. WaATKINS at Oxford had shown that inactivated
Sendai virus could be used to facilitate the fusion of
unlike cells, producing heterokaryons between human
HeLa cells and mouse tumor cells (HARRIS and WAT-
KINS 1965). The heterokaryons thus produced were
not capable of division, although they manifested a
few irregular mitoses and survived for up to 2 weeks.
EPHRuUSSI himself had earlier considered using viruses
as agents to accomplish somatic cell fusion (see the
speculations of EPHRUSSI and SoRIEUL 1962a, p. 90),
so the application of inactive virus to aid fusion was
probably no surprise. But what galvanized him into

action was the use of fusion to cross species barriers.
We have found no evidence that EpHRUSSI had con-
sidered creating interspecific hybrids in the four years
he had devoted to somatic cell hybrids. The HARRIS
and WATKINS report changed all that. As EPHRUSSI
himself recollects: “[I]t was HARRIS and WATKINS’
demonstration that cells of different species can be
fused . . . that in 1965 led MARY WEIss and me to the
isolation of the first viable interspecific hybrids”
(EpHRuSSI 1972, p. 23, our empbhasis). And the effect
was immediate. According to WEISS:

[Olne afternoon, rushing out to his airport-bound taxi,
Ephrussi shouted to me, then a fledgling graduate student,
“Order some rat fibroblasts from Microbiological Associates
and set up a cross with (mouse) L cells.” Within a few weeks
we had the first viable proliferating interspecific hybrids
(WErss, 1992).

A brief report of this work (less than 600 words),
which used the half-selection technique to detect hy-
brids between TK™ mouse L cells and explanted em-
bryonic rat cells, was submitted on March 24, 1965
(EpHRUSST and WEIss 1965). The interspecific hybrid
cells, representing one cross, had been growing in
culture for only about one month (about 25 cell
divisions). The reports in GENETICS (WEISS and
EpHRUSSI 1966a,b) were based on more substantial
experience: seven different crosses between mouse
and rat cells were studied and, in some cases, more
than 200 division cycles had taken place. Careful
karyotypic analysis confirmed beyond doubt that in-
terspecific hybrids were formed. As with the intraspe-
cific hybrids, there were some early chromosome
losses (mainly rat chromosomes), with subsequent sta-
bilization of the karyotype. Enzyme studies revealed
that both rat and mouse enzymes-lactic dehydrogen-
ase and g-glucuronidase-were produced in the hy-
brids, with mouse and rat subunits yielding hybrid
molecules, providing a striking marker.

These papers dramatically changed the emerging
field of somatic cell hybridization. As EPHRUSSI and
many others quickly saw, the potential uses of the
techniques of cell hybridization were enormously ex-
panded. Somatic cell hybrids between different spe-
cies vastly increased the markers that researchers
could utilize because even the same enzyme would
have somewhat different properties in different spe-
cies, allowing the regulation and fate of the separate
protein molecules in the hybrids to be accurately
analyzed. Potentially, one could now study the regu-
lation of many enzymes, not just those few with known
mutant forms maintained in cell culture. Moreover,
the robustness of interspecific hybrids, their coordi-
nation of gene expression, the ability to extinguish
and restore their differentiated functions, and the
coordinated mitotic division of hybrid cells all pointed
to the existence of similar systems of cellular control
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even in distantly related organisms. These results
suggested that general controls of cell division and
gene expression, common across species barriers,
could now be explored via cell hybridization; see the
speculations on control of the cell cycle in EPHRUSSI
and WEIsS (1967). Similar hopes were expressed with
regard to processes relating to determination, differ-
entiation, and dedifferentiation of cells. In addition,
there was considerable emphasis on the regulation of
neoplastic transformation, with some bitter disagree-
ments about whether the determinants of neoplasia
acted in a dominant or recessive manner. Ironically,
EPHRUSSI underestimated the importance of negative
regulation for a few years, particularly in disagree-
ment with H. HARRIS; this issue began to be clarified
with the subsequent (and continuing) analysis of “tu-
mor suppressor genes.”

Conclusion: We have examined the first decade of
somatic cell genetics from the perspective of one of
its principal protagonists. After the field had devel-
oped to this point, limiting the focus to an individual’s
perspective is harder to justify. A new biological field
had opened up, one that could no longer be domi-
nated by the work of a small group of laboratories
(WErss 1992). As EPHRUSSI's research program moved
on, so did that of others who were drawn to this area
of study. The number of different interspecific com-
binations grew very rapidly, with mouse, Chinese
hamster, Syrian hamster, rat and human cells all serv-
ing as “parents” of hybrids. In each of the resulting
systems, there was a great variety of studies, formal
and biochemical. A number of technical refinements,
selective systems, enzyme systems, and approaches
were introduced, placing experimental studies of the
principal aspects of somatic cell genetics beyond the
reach of any single laboratory.

Furthermore, the study of somatic cell hybrids was
propelled into far greater prominence in genetics
(with a corresponding increase in activity) by a new
type of hybrid first produced by Mary WEiss and
HowaRrD GREEN, working at New York University
School of Medicine (WEiss and GREEN 1967). They
created a mouse/human hybrid using a TK™ mouse
line and embryonic human lung fibroblasts. Such hy-
brid cells retained the mouse chromosome comple-
ment but exhibited a substantial loss of human chro-
mosomes. As WEISs and GREEN pointed out, “Study
of clones containing a small number of human chro-
mosomes should permit the localization of other hu-
man genes” (WEISS and GREEN 1967, p. 1111). In-
deed, that has been the case. Mouse/human hybrids,
by effectively transplanting a few human chromo-
somes into a new cell type, have permitted detailed
study of the organization of genes on human chro-
mosomes and provided a substantial stimulus to re-
search in human genetics—research that previously

had been stymied by the difficulty of conducting re-
search on humans. The readers of this journal are
certainly aware of the wide range of information that
has been derived from such studies and from somatic
cell genetics in general.

For his part, EPHRUSSI continued to work on the
topics in which he was primarily interested into the
late 1970s, using hybrids with teratomas to explore
determination and differentiation (e.g., FINCH and
EpHRuUSSI 1967; KAHAN and EPHRUSSI 1970), negative
regulation of differentiated function (e.g., DAVIDSON,
EPHRUSSI and YAMAMOTO 1966; FOUGERE, Ruiz and
EpHRussI 1972), and related topics. He continued to
advocate cellular and genetic approaches over a direct
attack at the molecular level (EpHRUSSI 1970, p. 12).
Nonetheless, he lived long enough to recognize that
his transformation of transplantation into a genetic
tool would take on a new and more powerful aspect
in the molecular era. Indeed, we suggest that it is
useful to interpret recombinant DNA procedures as a
form of transplantation that places individual genes
or groups of genes into new cellular environments,
thus facilitating detailed study of their structure, ac-
tion, and regulation and the production of novel
biological entities, processes, and products. EPHRUSSI
could not have foreseen the new genetics emerging
from recombinant DNA studies, but the many sorts
of studies he set in motion played an important role
in making such work possible.
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