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The techniques of somatic cell hybridization have provided a valuable means of
studying mechanisms of regulation of mammalian cell differentiation and
transformation. Most previous studies have indicated that fusions between
tumorigenic and nontumorigenic cells result in hybrid cells that are usually
tumorigenic. In recent years it has been demonstrated that the phenotypic
expression of tumorigenicity is at least partially due to the extensive chromo-
some loss that occurs in most interspecific and some intraspecific hybrid cells.
In the present study we have utilized enucleation techniques that permit cells
to be divided into nuclear (karyoplast) and cytoplasmic (cytoplast) cell frag-
ments. Even though these nuclear and cytoplasmic fragments are metabolically
stable for short periods of time, in our hands they ultimately degenerate.
Viable cells can be reconstructed by PEG-induced fusion of karyoplasts to
cytoplasts. Since reconstructed cells apparently do not segregate chromosomes,
they may provide a clearer understanding of the interactions between the
nucleus and the cytoplasm in the control of the expression of tumorigenicity.
We have reconstructed cells using karyoplasts from the tumorigenic Y-1 cell
line and cytoplasts from a nontumorigenic cell line, A-MT-BU-A1. In addition
we have reconstructed cells containing Y-1 cytoplasts and A-MT-BU-A1
karyoplasts. The reconstructed cells produced were assayed for tumorigenicity
by their ability to grow in soft agar and in nude mice. The results of these
experiments indicate that the reconstructed cells containing a tumorigenic
nucleus and a nontumorigenic cytoplasm ultimately are tumorigenic and
conversely the reconstructed cells containing a nontumorigenic nucleus and

a tumorigenic cytoplasm are nontumorigenic. These experiments support the
concept that with these cell lines the nucleus (karyoplast) is sufficient to
control the phenotypic expression of tumorigenicity.
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Hybrid cells produced by fusing tumorigenic and nontumorigenic cells from different
species in most instances are tumorigenic. The tumorigenic phenotypes expressed in such
hybrids have been partially explained by the extensive chromosome losses that occur in

Abbreviations used: PEG — polyethylene glycol; HAT — hypoxanthine, aminopterin, thymidine;
CAP — chloramphenicol; ACTH — adrenocoricotrophic hormone; BrdU or BUDR — bromodeoxyuridine.
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interspecific and some intraspecific hybrid cells. There have been reports that such fusions
cause suppression of the tumorigenic phenotype but in these cases chromosome loss was
not extensive [1]. In intraspecific hybrids there is little chromosome segregation and
when tumorigenic and nontumorigenic cells from the same species are produced, the non-
tumorigenic phenotype is frequently but not always retained [1, 2]. These studies suggest
that there is some factor present in nontumorigenic cells that is capable of suppressing the
tumorigenicity of the other cells and when this factor is lost, as a result of chromosome
loss or possibly some epigenetic factor, the tumorigenic phenotype is expressed. Thus, the
conflicting results from different experiments may simply reflect the chromosomal
instability of the hybrid cells. Interspecific whole-cell fusion studies are probably not
ideal for investigating certain aspects of the etiology of the suppression or expression of
the tumorigenic state.

In an attempt to overcome the difficulties with the interpretation of such experi-
ments, we and others have been developing techniques for the enucleation of mammalian
cells in culture, using the drug cytochalasin B in combination with mild centrifugation
[3—5]. Such techniques permit the separation of cells into nuclear (karyoplast) and
cytoplasmic (cytoplast) fragments [6], which are incapable of regenerating into whole
cells under our conditions unless recombined by standard hybridization techniques. Such
reconstructed cells are viable, capable of indefinite growth in cell culture [5, 7], and do
not appear to segregate chromosomes. Analysis of reconstructed cells may provide a
clearer understanding of the nuclear and cytoplasmic contributions to certain aspects of
the expression or suppression of the tumorigenic state.

In the present study we report the reconstruction of a tumorigenic karyoplast
with a nontumorigenic cytoplast. In addition, using the same cell lines we report a new
technique for identifying reconstructed cells of a nontumorigenic karyoplast with a
tumorigenic cytoplast. The results of these experiments indicate that with these cell lines
the nucleus (karyoplast) is sufficient to control the phenotypic expression of tumori-
genicity.

METHODS
Cell Lines

The tumorigenic Y-1 line was originally derived from a murine adrenal tumor [8].
The nontumorigenic A-MT-BU-A1 cell line (hereafter designated AMT) was originally
derived from MT-29240 in Dr. Coon’s laboratory and is a murine transplantable tumor
that arose spontaneously in a female Balb/c mouse. The AMT cell line is contact-inhibited
and is chloramphenicol- and BrdU-resistant, and although it contains intracisternal A virus
particles, it is not tumorigenic as tested by lack of growth in soft agar and nude mice. (We
thank Drs. Malech and Wivel for providing the AMT cell line). Both parental cell lines,
hybrids, and reconstructed cells were found to be free from mycoplasma contamination
by three different assays [9—11].

Enucleation

The Y-1 cells are flat and epitheloid, while the AMT are fibroblastoid. Both are
strongly adherent to Falcon 3013 25-cm? tissue culture flasks (Falcon Plastics, Oxnard,
California) and are therefore easily enucleated with a high efficiency by means of tech-
niques previously described [12]. Briefly, almost confluent flasks of Y-1 and AMT cells are
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Fig. 1. Diagram (A) and photograph (B) of acrylic inserts for Sorvall Model GSA rotor for use with
culture flask enucleation procedure.

completely filled with Dulbecco’s modified Eagle’s medium (DMEM) containing 10 ug/ml
of cytochalasin B and centrifuged in a GSA rotor for 20—30 min at 20,000g at 37° in
acrylic holders (Fig. 1a, b) using a Sorvall RC5 superspeed centrifuge. Equally successful
enucleation is accomplished without the acrylic inserts by placing 150 ml of H, O into
the GSA rotor opening and placing the flasks directly into the rotor. Enucleation
efficiencies of 95—-99% or better are obtained with these cell lines without substantial

cell detachment. A second centrifugation can be undertaken that results in even higher
efficiencies of enucleation. The resulting procedure produces a population of Y-1 karyo-
plasts and cytoplasts and AMT karyoplasts and cytoplasts. Using the procedures described
by Lucas and Kates [39], the amount of cytoplasm retained in the Y-1 and AMT karyo-
plasts ranges from 2% to 6%, as determined by the amount of ribosomal RNA.
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Fusion

The karyoplasts and cytoplasts are mixed and fused using polyethylene glycol 400
MW as previously described for whole celis [13]. Essentially the mixture of karyoplasts
and cytoplasts (2 X 10° cells) are centrifuged at 500g for 2 min in a 15-ml conical
centrifuge tube. Most of the culture medium is removed without disturbing the pellet,
1 ml of a 50% PEG-400MW solution, which is liquid at room temperature, is carefully
added to the pellet, and the cells are lightly mixed for 1 min at room temperature. The
solution is then diluted with 10 ml of complete growth medium and immediately
centrifuged at 500g for 2 min. The supernate is removed, 2 ml of complete growth med-
ium is added, and centrifugation is repeated. The resulting fused cell fragments are then
plated out in culture flasks at densitites of less than 2 X 10% cells per cm?.

Selection of Hybrids and Reconstructed Cells

Three types of experiments were undertaken and are diagrammatically illustrated
in Figures 2—4. The first experiment we undertook was to fuse whole Y-1 cells with whole
AMT cells. As previously mentioned, the AMT cells have both nuclear (BrdU-resistant,
HATS) and cytoplasmic (chloramphenicol-resistant, CAP") genetic markers. The Y-1 cells
are HATT and CAPS. As is illustrated in Figure 2, after fusion the heterokaryons, homo-
karyons, and unfused parentals are plated out in HAT medium containing 50 ug/ml of

A-MT-BU-Al Y-1
(HATS, CAP") (HAT', CAP%)
NON-TUMORIGENIC TUMORIGENIC

CAP ‘

FUSION

PLATED OUT IN HAT MEDIUM CONTAINING CAP

@ (@

UNFUSED PARENTAL AMTS HYBRIDS UNFUSED PARENTAL Y-1s
AND HOMOKARYONS (SURVIVE IN HAT/CAP) AND HOMOKARYONS
(DIE IN HAT) (DIE IN CAP)

Fig. 2. Schematic representation of the experimental design to select whole-cell hybrids between the
nontumorigenic AMT and tumorigenic Y-1 cells. The unfused parental cells and homokaryons die in
HAT/CAP, whereas the heterokaryons survive,
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Fig. 3. Schematic representation of the experimental design to select reconstructed cells between
karyoplasts derived from the tumorigenic Y-1s and cytoplasts derived from the nontumorigenic AMT
cells. See Methods section for a more complete description of the selection procedures.

chloramphenicol. Under these selection conditions only the hybrid cells will survive in
both HAT and CAP. The unfused AMT cells will die because of the HAT, while the
unfused Y-1 cells will be killed by the CAP. Karyotyping after selection indicated the
hybrid nature of the surviving clones.

The reconstruction experiment combining Y-1 karyoplasts to AMT cytoplasts used
the selection procedure illustrated in Figure 3. The Y-1 cells were incubated prior to
enucleation in the presence of latex spheres, as previously described [7, 41]. The Y-1
karyoplasts fused to AMT cytoplasts survive in HAT medium containing CAP, while the
small percentage of whole Y-1 cells and AMT cells die in the presence of CAP and HAT,
respectively. Immediately after fusion the single reconstructed cells were isolated on
glass fragments and placed in multiwell chambers. Only the reconstructed cells not
containing latex spheres were considered reconstructed, since both cytoplasmic hybrids
(cybrids) and whole-cell fusions would contain latex spheres and would survive in HAT/
CAP. The clones not containing latex spheres that grew were then analyzed for chromo-
some constitution to separate whole-cell hybrids from reconstructed cells, and then only
reconstructed cells were further analyzed for the tumorigenic properties.

The reconstruction experiments fusing the AMT karyoplasts to Y-1 cytoplasts are
illustrated in Figure 4. Essentially BrdU-resistant AMT karyoplasts are fused to CAPS
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Fig. 4. Schematic representation of the experimental design to select reconstructed cells between
karyoplasts derived from the nontumorigenic AMTs and cytoplasts derived from the tumorigenic Y-1
cells, See Methods section for a more complete description of the selection procedures.

Y-1 cytoplasts. The Y-1 cells that have not enucleated and whole-cell hybrids die in the
presence of BrdU. The surviving Brd U-resistant reconstructed cells, AMT parentals, and
cybrids (AMT whole cells X Y-1 cytoplasts) are then isolated and each growing clone is
split; one half of each clone is placed in complete growth medium and the other half is
placed in growth medium containing CAP. A clone that survives in medium containing
CAP must have been derived from either a whole AMT cell or a cybrid. Clones that die in
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CAP (but have survived the BrdU treatment) must be reconstructed cells. Thus the AMTs
and cybrid clones are identified and eliminated from furthef study. The replicate CAP-
sensitive clones, which have been maintained in normal growth medium, are then analyzed.

Electron Microscopy

The isolated hybrid and reconstructed cells were analyzed not only for their tumori-
genic properties but also for their ultrastructural properties, by means of transmission
electron microscopy. The AMT cells contain intracisternal A virus particles (IAP), which
are excellent morphologic markers. These particles are not shed from the cells but are only
transmitted vertically (that is, by mitosis) [14, 15]. The techniques for electron micro-
scopy are standard procedures previously described [3, 16]. Thin sections were examined
on a JEOL 100-B transmission electron microscope and the surface morphology of
cells was observed in a JEOL U-3 scanning electron microscope.

Cell Cycle Analysis

Cell cycle analysis was done using the method described by Crissman and Tobey
[17]. The cells were observed and analyzed with a Becton-Dickinson cell sorter (FACS
IIT) using a laser wavelength of 488 nm.

In Vitro and In Vivo Tumor Assays

The parental cell lines and clones of hybrids and reconstructed cells were studied for their
ability to grow in soft agar by the technique described by Miller et al [18]. This procedure
consisted of first adding 10 ml of DMEM plus 10% fetal calf serum plus 3% agar into a
10-cm petri dish. After this solution had solidified another 10 ml of DMEM plus 10% fetal
calf serum plus 1.5% agar and 1,000 cells were poured on top of the solidified mixture.
These dishes were then incubated at 37°C in a humidified atmosphere containing 95% air
and 5% CO, for two weeks. At the end of this time discrete clones of cells were readily
identified and counted.

We also tested the ability of cells to grow and produce tumors in nude mice. The
nude mice used in this experiment were obtained from Dr. John Porter (University of
Texas Health Science Center at Dallas) and were 2—3 months old. Cells to be injected
were trypsinized from the growth substrata, the trypsin was then neutralized with
complete growth medium and the cells were diluted to a final concentration of 2 X 10° per
ml. A total of six animals were used to test each cell line and reconstructed clone. Two
animals were inoculated with 0.5 X 10°%, 1 X 10%, or 2 X 10° cells. The cells were injected
subcutaneously using a 21-gauge needle. When tumors reached approximately 1 cm
(usually 3—4 weeks) the animals were sacrificed, and the tumor was excised and placed
in cell culture. Once the resulting cultures were of sufficient size they were tested for
their ability to respond to ACTH and to grow in HAT, BUDR, and CAP. In all instances
the cells originating from the tumor were found to have the characteristics of the cells
injected. If the animals failed to have a tumor in 8 weeks we considered the clone non-
tumorigenic.

RESULTS

Experimental Design

The experimental designs for these studies are illustrated in Figures 2—4, as
described in the Methods section. Essentially, hybrids were produced and selected be-
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Figs. 5—8. Phase-contrast photomicrographs of the parental AMTs (Fig. 5), Y-1 (Fig. 6), and the
reconstructed cells AMT(k) X Y-1(c) (Fig. 7) and Y-1(k) X AMT(c) (Fig. 8). Note that the overall
morphology of the reconstructed cells resembles the morphology of the nuclear donor. X 700.

tween the nontumorigenic AMT and tumorigenic Y-1 cells (Fig. 2). The cell reconstruc-
tion experiments are illustrated in Figures 3 and 4. Reconstructed cells containing a
tumorigenic nucleus and a nontumorigenic cytoplasm were produced and identified as
illustrated in Figure 3. Reconstructed cells containing a nontumorigenic nucleus and a
tumorigenic cytoplasm were produced and identified as illustrated in Figure 4. After
selection the hybrids and reconstructed celis were further analyzed for morphology (tight
microscopy and transmission and scanning electron microscopy) and for in vitro and in
vivo tumor production.

Morphology

Phase contrast. Figures S and 6 illustrate parental AMT (Fig. 5) and Y-1 (Fig. 6)
16:TCSM
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Figs. 9—12. Scanning electron micrographs of the parental AMT (Fig. 9), Y-1 (Fig. 10), and the
reconstructed cells AMT(k) X Y-1(c) (Fig. 11) and Y-1(k) X AMT(c) (Fig. 12). As with the phase-
contrast photomicrographs, the reconstructed cell surface topography resembles the morphology of
the nuclear donor. X 1,600.

cells. The nontumorigenic AMT cells are fibroblastic in morphology and have a modal
chromosome number of 65 (Fig. 5), while the tumorigenic Y-1 cells are epithelioid in
morphology and have a modal chromosome number of 40 (Fig. 6). A minimum of 25
chromosome spreads were counted for each cell line. The AMT cells frequently contain
numerous nucleoli, while the Y-1 cells usually contain a single prominent nucleolus. The
reconstructed cells consisting of an AMT karyoplast and a Y-1 cytoplast, designated
AMT(k) X Y-1(c), are depicted in Figure 7 and have a modal chromosome number of 65
while the reconstructed cells consisting of a Y-1 karyoplast and an AMT cytoplast, desig-
nated Y-1(k) X AMT(c), are depicted in Figure 8 and have a modal chromosome number

of 40. As the photomicrographs in Figures 7 and 8 clearly illustrate, the overall morphology
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Figs. 13, 14. Transmission electron micrographs of AMT parentals (Fig. 13), containing intracisternal
A particles (IAPs) (insert), and of Y-1 parentals (Fig. 14), containing C-type virus particles (insert).
%X9,000.
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of the selected reconstructed cells is essentially identical to that of the nuclear donor; the
morphology of the AMT(k) X Y-1(c) reconstructed cells resembles the AMT parental
morphology, while the morphology of the Y-1(k) X AMT(c) reconstructed cells resembles
the Y-1 parental morphology.

Scanning electron microscopy. Figures 9—12 illustrate the surface topography and
overall cell shape of the parental and reconstructed cells. AMT cells and reconstructed
cells containing an AMT(k) X Y-1(c) are depicted in Figures 9 and 11. The fibroblastic
shape of isolated cells is clearly different from the Y-1 cells. The surfaces of the fibro-
blastic cells contain considerably more blebs and microvilli than the epithelioid cells. Y-1
cells and reconstructed cells containing a Y-1(k) X AMT(c) are depicted in Figures 10 and
12. The epithelial shape of isolated cells is similar to those seen in clusters (Figs. 6, 8),
and the surfaces of the cells contain a few blebs and microvilli. Figures 7, 8, 11, and 12
indicate that the shape and surface features of the reconstructed cells are essentially
controlled by the nucleus. Even though enucleated cells (cytoplasts) can maintain the
shape of the whole cell for short periods of time, it is clear that once rescued by another
nucleus the cytoskeletal elements within the cytoplasm do not appear to maintain their
independence but are directed by the host nucleus.

Fig. 15. Transmission electron micrograph of a hybrid cell produced by fusing AMTs to Y-1 cells.
Note the presence of both intracisternal A and C-type virus particles. X 36,000.

TCSM:19
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Figs. 16, 17. Transmission electron micrographs of the reconstructed cells. The AMT(k) X Y-1(c)
reconstructed cells (Fig. 16) contain intracisternal A particles, but C-type particles have not been
observed. The Y-1(k) X AMT(c) (Fig. 17) contain both types of particles. X 17,000.
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Transmission electron microscopy. The most striking ultrastructural difference
between the Y-1 parentals and the AMT parentals is shown in Figures 13 and 14. The Y-1
cells contain numerous C-type virus particles, which are shed from the cell surface (Fig.

14 and insert) and are both vertically and horizontally transmitted. The AMT cells, though
originally derived from a murine mammary tumor, are nontumorigenic in vivo but contain
numerous intracisternal A-type virus particles (Fig. 13). These A-type virus particles reside
within the cisternae of the endoplasmic reticulum and are only vertically transmitted (ie,
by mitosis), as shedding does not occur. As previously reported, cocultivation of AMT
cytoplasts with other whole cells does not result in transfer of intracisternal A particles

to the other cells. However, when whole-cell hybrids are produced by AMT and Y-1 cells,
both types of particles are present (Fig. 15). The ultrastructure of the reconstructed

cells are depicted in Figures 16 and 17. The AMT(k) X Y-1(c) reconstructed cells contain
intracisternal A particles, but C-type particles in these cells have not been observed

(Fig. 16). It is possible that the nuclei in these reconstructed cells cannot incorporate the
C-type virus genome but definitive information on this is not yet available. The Y-1(k)

X AMT(c) reconstructed cells contain both C-type and intracisternal A-type virus particles
(Fig. 17). However, considerably fewer intracisternal A-type virus particles were observed
in the reconstructed cells than in the parental AMTS.

In Vitro and In Vivo Tumor Assays

The parentals, hybrids, and reconstructed cells were studied for their ability to
grow in soft agar. In six different experiments in which 1,000 Y-1 parentals or Y-1(k}

X AMT(c) originating from a single pure clone were placed in soft agar, 22—26% of the
cells would develop into viable colonies consisting of greater than 50 cells in 3 weeks.
This is in contrast to the results obtained from the AMT parentals and AMT(k) X Y-1(c).
When 1,000 of these cells were placed in soft agar, none of the cells developed into
viable colonies consisting of greater than 50 cells in 2—3 weeks. In each instance the
reconstructed cell behaved identically with the parental cell line from which the nucleus
was derived.

The AMT X Y-1 whole-cell hybrid clones varied widely in their ability to grow in
soft agar. Some of the hybrid clones behaved like the AMT cells in that they failed to
grow in agar while some of the clones grew just as efficiently as, but none more efficiently
than, Y-1 cells. In addition a few of the clones grew in soft agar with an intermediate
efficiency.

When Y-1 cells or Y-1(k) X AMT(c) cells were injected into nude mice, each of the
six mice injected developed large tumors in 4 weeks even at the lower inoculation. This is
in direct contrast with the results obtained from the inoculation of AMT cells or AMT(k)
X Y-1(c) cells. In these instances none of these mice produced tumors even when allowed
to survive for 8 weeks. These data correlated very closely with the soft agar data.

Hybrid cells formed from the fusion of an AMT X Y-1 were also tested for their
ability to produce tumors. For this experiment we chose three different clones. One clone
had a plating efficiency in soft agar of 25%, another had a plating efficiency of less than
0.5%, and the third had a plating efficiency of 5% in soft agar. Approximately 2 X 10°
cells taken from each clone were injected into nude mice. By 8 weeks only the mouse that
was injected with cells taken from the clone that grew best in soft agar produced a tumor.
The other two clones did not produce tumors by 8 weeks.
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Fig. 18. Cell cycle analysis of the parental and reconstructed cells by means of a fluorescence-activated
cell sorter, As to the percentage of cells in varicus stages of the cell cycle, the reconstructed cells lie
between the parental cells, but overall the reconstructed cells have a cell-cycle profile closer to that

of the nuclear donor.

Cell-Cycle Analysis

The results obtained from the cell sorter showing the distribution of DNA content
of the reconstructed and parental cells illustrated are in Figure 18. The larger peaks
represent the various cell lines in the G, phase of the cell cycle (prior to DNA replication),
while the smaller peaks represent cells in the G, or M phase of the cell cycle. The cells in
S phase (during DNA replication) lie between the two peaks. The parental Y-1 and AMT
cells differ dramatically in the percentage of cells in various stages of the cell cycle, while
the reconstructed cells lie between the parentals. Even though the reconstructed cells
behave somewhat differently from the parentals, they do have a cell-cycle profile
closer to that of the nuclear donor. The approximate percentage of the parental and
reconstructed cells in various stages of the cell cycle is as follows: Y-1 [G, = 84%,
S$=7%, Gy + M =9%]; Y-1(k) X AMT(c) [G, =81%, S = 6%, G, + M = 13%], AMT(k)
X Y-1(¢) [G;=65%, S = 12%, G, + M= 23%] ; AMT [G, = 69%, S=11%, G, + M = 20%] .

DISCUSSION

Several approaches to elucidating the genetic basis of tumorigenesis are available
but the most popular has been the production of somatic cell hybrids between tumorigenic
and nontumorigenic cells. More recently the use of cytoplasmic hybrids (cybrids) has also
been available for studying certain aspects of tumorigenesis. Both of these methods have
provided useful information concerning the control mechanisms in the expression or
suppression of tumorigenesis but few widely supported generalizations have been derived
from such studies. Technical developments for producing reconstructed cells (eg, nuclear
transplantation) have also been progressing in recent years and this report illustrates the
utility of using such reconstructed cells for analyzing nuclear and cytoplasmic control
mechanisms in the expression or suppression of the tumorigenic state. The following dis-
cussion will review some of the results of fusion experiments involving whole cells and
cytoplasmic hybrids, which will illustrate that, even though these approaches result in the
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acquisition of useful information, elucidation of the mechanisms involved in tumorigenesis
have not been unequivocally resolved with these techniques.

There have been numerous reports on the fusion and characterization of hybrid cells
produced between tumorigenic and nontumorigenic cells [1, 2, 19—-34] and this discus-
sion is not meant to be exhaustive but only to highlight some of the main points. The most
important variable in fusing whole cells in attempting to study the underlying genetic
basis of tumorigenesis has been the selection of appropriate cell types. Essentially two
types of experiments have been utilized. The first involves interspecific hybrids that
rapidly segregate chromosomes, and the results of these experiments have not elucidated
any generalized mechanisms. Most but not all interspecific hybrids produced by fusing a
tumorigenic with a nontumorigenic cell result in expression of the tumorigenic pheno-
type. These experiments cannot clearly differentiate between instability of the chromo-
some constitution in such hybrids and specific genetic or epigenetic factors that may be
involved in the control of tumorigenesis events. The second type of whole-cell hybrid
experiment involves intraspecific crosses, which segregate fewer chromosomes and have
provided interesting insights into certain aspects of the expression of the tumorigenic
state. Even though there are exceptions to the following statement it does appear to
have substantial support from a variety of laboratories. Essentially in intraspecific crosses
between tumorigenic and nontumorigenic cells there is an initial suppression of the tumor-
igenic state provided by some factor in the nontumorigenic cells. This suppression is then
removed when a certain chromosome or possibly some epigenetic factor is lost. This was
illustrated in a recent report by Sager and Kovac [2], who produced intraspecific hybrids
both of which had a stable diploid chromosome constitution, and their results indicated an
initial suppression of the tumorigenic state followed by a reexpression of the tumorigenic
state along with chromosomal instability. These studies with- whole-cell hybrids are
consistent with the ones we report in this communication in that intraspecific hybrids
are capable of expressing both the tumorigenic and nontumorigenic phenotype. This
type of experiment does not, however, allow one to distinguish between genetic and
epigenetic factors that may be of fundamental importance. Since hybrids containing
almost complete sets of chromosomes from the parental cells can either suppress or express
the tumorigenic phenotype, experiments have recently been reported in which cyto-
plasmic hybrids have been used to try to determine if epigenetic factors may be involved
in either the suppression or expression of the tumorigenic state [15, 35, 36].

In brief, the results of such experiments are as follows: Using diploid intraspecific
cells, Howell and Sager [35] showed that fusing a nontumorigenic cell with a tumorigenic
cytoplasm did not result in expression of the tumorigenic phenotype. They did interpret
some of their results to indicate that when a tumorigenic cell was fused with a nontumori-
genic cytoplasm, a partial suppression occurred in some of the cybrid clones, indicating
that the cytoplasm may be capable of transmitting some suppression factor. Ziegler [36],
on the other hand, reported that the cell cytoplasm did not have any effect on the supres-
sion or expression of the tumorigenic state in cybrids, which would indicate that
independent cytoplasmic control does not play a major role in tumorigenesis. However,
Ziegler did report that the cytoplasm could affect the saturation density of cybrids,
which is consistent with the observations we previously reported [15]. In those experi-
ments,we fused tumorigenic murine SV-403T3 cells to nontumorigenic murine
A-MT-BU-A1 cytoplasms and the resulting cybrids grew to higher saturation densities
than the parental SV403T3 cells, and were capable of making tumors in nude mice at
lower inoculation densities than the SV-403T3 cells. As with the whole-cell hybrids,
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broad generalizations concerning the control of the tumorigenic state with cytoplasmic
hybrids have not appeared. Again the choice of cells lines and selection procedures for
studying these phenomena appear to be of major importance.

In this report we have illustrated the techniques for producing reconstructed cells
between tumorigenic and nontumorigenic parental components and have analyzed these
reconstructed cells for their ability to grow in soft agar and in nude mice. As far as we
were able to determine, this is the first report of the use of reconstructed cells to analyze
factors that may be important in controlling the expression or suppression of the tumori-
genic phenotype, even though several reports and procedures are available for producing
such reconstructed cells [7, 37, 38, 40, 41] . The results of these initial experiments are
consistent with the idea that the nucleus (karyoplast) is sufficient to control the expres-
sion or suppression of the tumorigenic state.
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