











D. Is Abelson Virus a Transducer or
Cellular Gene?

In contrast to all other known mouse leukemia
viruses, Abelson virus transforms (immortali-
zes) lymphocytes in vitro and induces leukemia
after short latency periods in vivo. It has been
shown (Klein 1975) that the viral genome
contains a large cellular insert that occupies the
most of the middle portion of the viral genome.
It specifies a large polyprotein that is probably
associated with the cell membrane and is
endowed with protein kinase activity.

We have recently examined the karyotype of
Abelsonvirus induced leukemias (Klein al.
1980) and found it to be purely diploid with no
demonstrable anomalies by banding analysis.
Moreover, the Abelson virus transformed lines
remained diploid over long periods of time.

Is it conceivable that the change in gene
dosage that is achieved by the duplication of
a whole chromosome in leukemias that arise
after long latency periods is directly achieved
by the viral transduction of a corresponding
piece of crucial genetic information? If this is
correct, it would follow that directly transfor-
ming viruses that carry pieces of normal
genetic information and induce tumors with
short latency periods would tend to induce
diploid tumors.

Clearly, changes in gene dosage, whether
achieved by chromosome duplication or viral
transduction, must play an important role in
the emancipation of tumor cells from host
control.

E. Some Conclusions

The following points can be made on the basis
of these findings and related findings of others.

I. Transformation In Vitro Is Not Synonymous
with Tumorigenicity In Vivo

This point has been made many times before,
but it can hardly be overemphasized. To
mention only a few examples, Dulbecco and
Vogt (1960) showed in their pioneering studies
that foci of cells transformed in vitro by
polyoma virus were not necessarily tumorige-
nic; at least one additional step was required
for growth in vivo. Stiles et al. (1975) reported
that human lines transformed by simian virus
40 failed to grow in nude mice in contrast to the

regular takes of culture lines derived from
tumors in vivo. Diploid lymphoblastoid cell
lines transformed in vitro by EBV are clearly
“immortal” but nontumorigenic in nude mice
as already mentioned (Nilsson et al. 1977).
Transformation in vitro may merely reflect
a relative emancipation of the cell from its
earlier dependence on exogenous mitogenic
signals. Most and perhaps all normal cells have
a limited lifespan in vitro. Lymphocytes will
not grow, not even temporarily, unless supp-
lied with appropriate mitogenic factors. Trans-
formation in vitro abolishes this requirement.
It also “freezes” differentiation at a given level.
It is noteworthy that transformed fibroblasts
and lymphocytes show certain common chan-
ges associated with immortalization in spite of
their very different phenotypes — namely,
increased resistance to saturation density, de-
creased serum requirements, and altered lec-
tiyn agglutination and capping patterns (Stei-
nitz and Klein 1975, Steinitz and Klein 1977 ;
Yefenof and Klein 1976 ; Yefenof et al. 1977).
Most DNA viruses that transform in vitro
induce DNA synthesis and mitosis in their tar-
get cells (Einhorn and Ernberg 1978 ; Gerber
and Hoyer 1971; Gershon et al. 1965 ; Martin
et al. 1977; Robinson and Miller 1975). For
the oncogenic papovavirus systems it has been
shown that the virally determined T-antigen
or one from of it plays a direct role in initiating
host cell DNA synthesis (Martin et al. 1977).
If transformation in vitro reflects a ““built-
in”’ ability to grow in the absence of exogenous
stimulation, tumorigenicity in vivo must imply
in addition, resistance to negative feedback
regulations of the host. The latter may be
brought out by appropriate cytogenetic chan-
ges. Trisomy, as observed in the murine T cell
leukemias, may tilt the balance of the long-li-
ved preneoplastic cells towards definite diso-
bedience through gene dose effects. Recipro-
cal translocations that give rise to the Philadel-
phia chromosome and the 8;14 translocation
associated with BL may also work through
gene dosage —e.g., by position effects that stop
the function of important regulatory genes
when they are dislocated from their natural
surroundings. Similar position effects may be
responsible for the action of src, the extra
genetic information carried by the transfor-
ming avian sarcoma viruses. Conceivably, this
originally cell-derived information may beco-
me integrated, together with the rest of the
proviral DNA, into new regions where it is no
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longer subject to the same control as in the
original location (Stehelin et al. 1976; Varmus
et al. 1976). In this connection, our recent
finding on the Abelson virus induced leukemia
system may be of interest. This virus, as the
only one among the known murine leukemia
viruses, transforms in vitro and induces leuke-
mia after only a short latency period in vivo. It
is a highly defective virus, with a large cellular
insert in its middle (Rosenberg and Baltimore
1980). Sequences homologous with the cellu-
lar insert and proteins identical or immunolo-
gically cross reactive with its product are
present in normal mouse cells.

We have recently examined a series of
Abelson virus induced leukemias and found
them to be purely diploid (Klein et al. 1980). It
is intriguing to speculate that transformation is
compatible with diploidy in this case, since the
provirus-mediated integration of the cell-deri-
ved sequences may alter gene dosage in a way
appropriate to generate leukemia.

The apparently tissue-specific involvement
of different chromosomes in tumor-associated
nonrandom karyotype changes suggests that
genes that are of crucial importance for the
responsiveness of different cell types to growth
control are located on different chromosomes.
Some determinant on human chromosome 14
thus appears to be involved with the normal
responsiveness of the B lymphocyte ; determi-
nants on chromosome 22 or 9 (or both) appear
to influence myeloid differentiation ; the dosa-
ge of some determinant on murine chromoso-
me 15 seems to influence the balance between
the restrained proliferation of the preleukemic
cell and overt leukemia.

I1. Host Cell Controls Can Modify the
Expression of Transformation In Vitro

The successful isolation of phenotypic rever-
tants from both chemically and virally trans-
formed cell lines demonstrates the importance
of host cell controls for the expression of
transformation-associated characteristics.
Sachs and his group (Yamamoto et al. 1973)
have shown that specific chromosomal changes
must play an important role in transformation
and reversion. As a rule transformation was
accompanied by the duplication of some chro-
mosomes. On reversion, the same chromoso-
mes often decreased in number, whereas other
increased (Benedict et al. 1975; Yamamoto et
al. 1973). Sachs speaks about expressor and
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suppressor elements and stresses the impor-
tance of their balance for the control of the
normal vs the transformed phenotype. The
temperature-sensitive host control mutants,
isolated from virally transformed cell lines by
Basilico (1977), are another important de-
monstration of cellular forces that can counte-
ract the transforming function of an integrated
viral genome.

II1. Host Cell Controls Can Reverse
Tamorigenic to Nontumerigenic
Phenotypes

Tumorigenicity in vivo can be counteracted
experimentally by two fundamentally different
types of control, i.e., genetic and epigenetic.
The former was demonstrated by somatic
hybridization experiments. Fusion of tumori-
genic cells with low or nontumorigenic normal
or transformed partners has regularly led to
a suppression of tumorigenicity as long as the
hybrid has maintained a nearly complete
karyotype (Harris 1971; Harris et al. 1969;
Klein et al. 1971; Wiener et al. 1971). High
tumorigenicity reappeared after the loss of
specific chromosomes derived from the nontu-
morigenic partner (Jonasson et al. 1977;
Wiener et al. 1971).

Suppression of tumorigenicity by normal
cells was equally effective with tumors of viral,
chemical, and spontaneous origin. Different
types of normal cells were effective, including
fibroblasts, lymphocytes, and macrophages. It
is not known whether the normal karyotype
compensates a deficiency of the malignant cell
by genetic complementation or acts by impo-
sing normal responsiveness to its own superim-
posed growth control. The latter possibility
appears more likely. It could be explored by
determining whether the reappearance of high
tumorigenicity is linked to the loss of different
chromosomes, depending on the type of nor-
mal cell used for the original suppressive
hybridization.

A fundamentally different, nongenetic me-
chanism of malignancy suppression was disco-
vered by Mintz, who demonstrated the norma-
lization of diploid teratocarcinoma cells after
their implantation into the early blastocyte
(Mintz and Illmensee 1975). It is not yet clear
whether this is a special case, dependent on the
pluripotentiality of the teratocarcinoma cell
and its normal karyotype, or is of more general
significance. The well-documented abilities of



certain tumor cells to respond to differentia-
tion-inducing stimuli represent more limited
examples of the same or similar phenomena
(Azumi and Sachs 1977; Rossi and Friend
1967).

IV. Concept of Convergence in Tumor
Evolution

This concept is not new. In essence, it corre-
sponds to one of the rules of tumor progression
as formulated by Foulds (1958). He stated that
the “multiple reassortment of unit characteri-
stics’’ that formed the basis of the progression
concept ‘“could follow one of several alternati-
ve pathways of development.”” Some aspects of
this process were stated here in a more specific
way. They are as follows:

1. Like chemical or physical carcinogens,
viruses play essentially the role of initiators in
tumor progression. Their major effect is the
establishment of long-lived preneoplastic cells.
2. Specific genetic changes are responsible for
the transition of preneoplastic to frankly ma-
lignant cells. In some systems they are expres-
sed as cytogenetically detectable chromosomal
anomalies which are characteristic for the
majority of the tumors that originate from the
same target cell. The changes may arise by
random mechanisms. They are selectively fi-
xed due to the increased growth advantage of
the clone that carries them. This advantage is
based on a decreased responsiveness to
growth-controlling or differentiation-inducing
host singals. This selection process, rather than
any specific induction mechanism, is responsi-
ble for the ‘‘cytogenetic convergence” of
preneoplastic cell lineages initiated (“caused’’)
by widely diverse agents towards the same
nonrandom chromosomal change.

3. The cytogenetic changes act by shifting the
balance between genes that favor progressive
growth in vivo and genes that counteract it.
Changes in effective gene dosage are brought
about by nonrandom duplication of a whole
chromosome, as in trisomy, or by reciprocal
translocation that may effect gene expression
on the donor or the recipient chromosome.
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