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Dynamics of cell transformation in culture and its
significance for tumor development in animals
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NIH 3T3 cells grown in conventional Dulbecco’s modification of
Eagle's basal medium (DME) produce no transformed foci when
grown to confluence in 10% calf serum (CS). A few cultures were
transformed by ras oncogenes when transfected with DNA from
neoplastic cells, but they failed to do so in 80 to 90% of the trans-
fections. However, when they were grown in a medium [molecular,
cellular, and developmental biology 402 (MCDB 402)] optimized for
their clonal growth in minimal serum, they produced transformed
foci without transfection in 10% CS, but not in 2% CS. The first
response to growth in MCDB 402 in 2% CS in successive rounds of
contact inhibition was uniform increases in saturation density of the
population. This was followed by the appearance of transformed
foci. A systematic study was made of the dynamics of neoplastic
progression in various concentrations of CS in a single round of
confluence at 2 and 3 wk, followed by three sequential rounds of
confluence in 2% CS for 2 wk. There was a linear relationship between
CS concentration and saturation density in the first-round cultures and
continuing differences in subsequent cultures. The hyperplastic field of
normal-looking cells surrounding transformed foci became increasingly
permissive for transformation with serial culture. The dynamics show
that epigenetic selection is the major driving force of neoplastic devel-
opment. Cells from dense foci produced malignant fibrosarcomas in
mice, thereby exhibiting a positive relationship between transforma-
tion in culture and the development of tumors.

selection | saturation density | cellular microenvironment | epigenetics

IH 3T3 cells are a clonal line of mouse embryo fibroblasts

derived from randomly bred Swiss mice (1). The cells were
selected for their high cloning efficiencies and low saturation
density. They were thought to be susceptible to the oncogenic
activity of nuclear DNA transfected from spontaneous human
tumors and from cells transformed in vivo or in vitro by a variety
of carcinogenic treatments (2). Transfection was carried out by
the calcium phosphate coprecipitation technique of Graham and
Van der Eb (3). Transformation was expressed in the transfected
NIH 3T3 cells by production of foci, which had the capacity to
produce sarcomas when injected into immunodeficient mice.
The causal agents in a high proportion of cases were subtypes of
the ras oncogene, but there was a failure to observe transforming
activity in 80 to 90% of spontaneous human tumors. In addition,
the numbers of foci were generally low and often erratic (4).

Despite their limited susceptibility to transformation after trans-
fection by DNA from neoplastic tissue, the NIH 3T3 cells played a
significant role in the development of the molecular genetics of cel-
lular oncogenes (2). However, nontransfected, control monolayers of
NIH 3T3 cells or unrelated sources of transfected DNA occasionally
induced transformed foci, which were generally interpreted as
spontaneous transformation in NIH 3T3 cells (4-6).

Little attention was paid to these seemingly extraneous foci, but
later work provided explanation for them as will be seen below. The
culture medium for the NIH 3T3 cells in the above experiments (4-8)
and many other experiments along the same line (2) was the em-
pirically applied Dulbecco’s modification of Eagle’s basal medium
(DME) or minor modifications supplemented with 10% serum.

However, a medium [molecular, cellular, and developmental
biology 402 (MCDB 402)] was developed aimed at more definition

www.pnas.org/cgi/doi/10.1073/pnas.1715236114

and reduction of serum for optimal clonal growth of Swiss
3T3 cells, the precursor of the NIH 3T3 cells (9). The prepa-
ration of MCDB 402 was fastidiously adjusted for concentrations
of all of the constituents of DME to optimum values for clonal
growth of the cells and added such components as “non-
essential” amino acids and some vitamins and other organic
compounds, as well as trace elements. The doubling time for
clonal growth of NIH 3T3 cells in MCDB 402 serum was 12 h
(10) while it was 18 to 22 h for growth of the closely related
Balb 3T3 cells in DME (11).

All 13 of the amino acids considered “essential” for cells in
culture were included in both DME and MCDB 402, but the
latter contained all of the remaining amino acids, of which as-
paragine was missing in DME, but found essential for clonal
growth in MCDB 402 in very low concentrations of dialyzed and
lyophilized FBS protein (FBSP). An unusual aspect of MCDB
402 was a very high concentration of histidine and a very low
concentration of tryptophan (molar ratio 200:1). MCDB 402
contains a total of nine vitamins, six of which are required for
clonal growth of the Swiss 3T3 cells in minimal protein, and one
of three of which is not present in DME. Other organic com-
pounds, such as linoleic acid and putrescine, are not present in
DME but were found beneficial in MCDB 402. Nine trace ele-
ments are included in MCDB 402, but there are none in DME,
yet iron is essential for growth, and copper, manganese, and zinc
are beneficial. Multiplication is reduced when any of them is
omitted, and no colony formation occurs when they are all
omitted simultaneously. Positively charged polylysine was used
to coat the culture vessels to substitute for serum protein in very
low concentrations of the latter (12). MCDB 402 was approxi-
mately five times more effective than DME in promoting the
colony-forming efficiency and colony size of Swiss 3T3 cells in
very low concentrations of FBSP.

Significance

Growth of NIH 3T3 cells in an optimized medium produced
transformed foci after reaching confluence in the absence of
treatment with carcinogens or transfection with tumor DNA.
Dynamic experiments showed the first response of the crow-
ded cells was gradual population-wide increases in saturation
density followed by transformed foci. The latter produced
malignant tumors when injected into mice. The field of cells
around the foci became increasingly susceptible to trans-
formation. Analysis of the data revealed that transformation
was driven by epigenetic selection of cell populations that
grew well at high densities rather than genetic instability. That
conclusion is reinforced by two other methods of selection, one
at low cell density in low serum concentration and the other by
suspension in agar.
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Transformed Focus Formation at High Cell Densities of NIH
3T3 Cells in MCDB 402 Without Transfection by Oncogenes

The NIH 3T3 cells were kept in MCDB 402 without trans-
formation by weekly passage at very low cell number: 10* per 60-
mm culture dish in 10% calf serum (CS). They were subcultured
at 10° cells in 10%, 5%, and 2% serum (13). They reached
confluence in 3 to 4 d and were fixed and stained at 2 and 3 wk
(Fig. 1). The assay for transformation was the appearance of
countable foci made up of cells that continued to multiply on a
background of monolayered, contact-inhibited, nontransformed
cell culture. The cultures were stained with a dye that accentu-
ates the density and countability of the transformed foci. There
were many very small transformed foci of different densities in
5% CS at 2 wk and more small and denser foci in 10% CS. At
3 wk, the foci in 5% CS had become larger and dense, but
smaller, less dense foci were evident in the background. There
were many more visible foci in 10% CS than in 5% CS although
they were smaller and less dense than those in 5% CS, very likely
because their very large number in 10% CS had depleted the
medium. There were no foci in the cultures assayed in 2% CS.

However, the question arose whether the capacity to produce
foci in 2% CS increased when the cells in 10% CS were multi-
plying or after they reached their saturation density. The results
of the appropriate experiment showed that the capacity of the
cells in 10% CS for focus formation in 2% CS increased only
several days after the former had reached their saturation density
(13), indicating that the foci and preceding events were pre-
dominantly derived by selection rather than by spontaneous
mutations in multiplying cells.

The Dynamics of Progression Through Pre- and
Postneoplastic Development

The study of progressive dynamics proceeded as follows (10, 14).
The saturation density of cultures started in the 1° (primary)
assay for 2 wk had a linear relation with CS concentration (Table
1). All of the lineages derived from each of the original CS

5% CS

10% CS

2 wk

3 wk

Fig. 1. Transformed focus formation in early passage NIH 3T3 cells in MCDB
402. Cells (10°) were seeded per 60-mm dishes in the indicated concentrations
of CS and time of incubation (13). The number of foci remained constant when
10 cells were passaged weekly, and 10° cells were assayed in 5% and 10% CS
at each passage. They were then incubated for 2 and 3 wk before staining.
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Table 1. Saturation densities of the first round of selection
(1° assay) in various concentrations of CS and times of
incubation (14)

Cell count, x10~°

CS, % 2 wk 3 wk

2 4.3 + 0.1 4.7 + 0.1
5 9.6 + 0.5 11.3+04
10 214+ 04 23.0 + 0.9

concentrations had increased in the 2° assay, which was conducted
under constant conditions (2% serum for 2 wk) in nonlinear pro-
portion to the CS concentrations of the 1° assay (Table 2). Those
started from 2% CS for 2 wk showed uniform increases in satura-
tion densities in each of the subsequent serial assays whereas those
started from 5% CS for 2 wk showed uniform increases only
through the 3° assay, and those from the original 10% CS for 2 wk
only through the 2° assay (Table 2). The 4° assay that arose from the
original 5% CS for 2 wk exhibited foci in one of the four lineages
(Fig. 2). Those that arose from the original 10% CS for 2 wk had
one lineage with foci in the 3° assay. In the 4° assay of this category,
three lineages exhibited many foci, and the fourth displayed
confluent transformation.

All of the series that spent 3 wk in the 1° assays showed higher
saturation densities than their corresponding serum concentration
from 2 wk in the 1° assay. The shift to transformed foci occurred
earlier in the cultures derived from the 3-wk 1° assay with stronger
foci and some that had advanced to confluent transformation. In
those lineages where dense foci occurred, there was a sharp in-
crease in saturation density (Fig. 2 and Table 2). If those lineages
with sharp increases in saturation density are excluded from cal-
culation of the average saturation densities, there was a continuous
increase in that parameter that indicates selection of a large number
of heritable changes that have population-wide increases in satu-
ration density, indicating the accumulation of large numbers of
heritable changes of low fitness advantage. In contrast, the onset of
transformed foci had a stochastic basis of high fitness advantage
consistent with their origin from single cells (Fig. 2).

Dynamics of Contact Inhibition in the Circumfocal Area
Made Up of Nontransformed Cells

It is widely recognized that the loss of contact inhibition is an
essential feature of cellular transformation (11). As shown above,
there is an increase in saturation density of the entire population
of cells in successive rounds of selection before transformed foci
appear, suggesting that all of the cells undergo progressive degrees
of the loss of contact inhibition. That would indicate that a field of
increasing permissiveness precedes transformation. That was
demonstrated in round 3° of selection where the cultures started in
the first round in 10% CS for 3 wk formed hundreds of dense foci
in seeding 10° of the cells in lineage A, and 40 large, dense foci in
lineage B (15) (Fig. 3). A 10-fold dilution of the same cells was
seeded together with 10° cells that had never undergone selection
to form a confluent background for the transformed cells (Fig. 3).
There were no dense foci in the diluted cells of lineage A, and four
small, dense foci of linea%e B, with the complete disappearance of
small, light foci of the 10” undiluted cells of lineage 3. The results
show that the background cells that had undergone three rounds
of selection were more permissive for the growth of the trans-
formed cells than were the original nonselected background cells.

Relation Between Transformed Foci and Their
Tumorigenicity in Mice

NIH 3T3 cells undergo transformation when passaged frequently at
low density in 2% CS (16). Transformed cells were isolated from a
dense focus and passaged frequently in either 2% or 10% CS (17).
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Table 2. Transformation is accelerated by preincubation with higher concentrations of serum

Saturation density, cells (107°) per culture

2-wk 1° assay

3-wk 1° assay

Assay CS % LN1 LN2 LN3 LN4 Average LN1 LN2 LN3 LN4 Average

2% CS 1°
1° 2 4.3 4 4.3 4.5 4.28 +0.12 4.6 4.7 4.8 46  4.68 +0.06
2° 2 4.8 4.6 41 4.9 4.6 +0.21 55 55 5.1 5.2 5.32 +0.12
3° 2 7.7 7.6 6.6 7.1 7.25 +0.29 9.4 9 8.2 84 875+0.32
4° 2 9.7 9.8 10.1 53 8.73 + 1.32 (12.6) 9.3 (124) 139

5% CS 1°
1° 5 9.6 84 10.1 10.2 9.57 +048 11.2 121 10.7  11.2 11.3+0.33
2° 2 5.8 5 6.2 6 5.75 £ 0.31 (56.5) 7.4 7.8 6.6 7.27 + 0.35
3° 2 7.7 7.7 8.9 7.5 795+037 ND (76.5) 9.8 10.8 10.30 +0.71
4° 2 9.1 9.9 (15.0) 9.1 9.37 £0.27 ND ND (16.3) (18.0)

10% CS 1°
1° 10 221 218 212 203 2132+046 224 228 187 237 2190+ 1.27
2° 2 7.5 6.6 6.6 7.3 7.0+027 30 9.8 9.4 (11.9) 9.6 +0.28
3° 2 (19.2) 9.2 7.6 8.7 85+047 ND (70.4) (69.0) (55.1)
4° 2 (56.4) (22.9) (54.5) (26.3) ND ND ND ND

Saturation densities of cells under varying concentrations of CS and time in a 1° assay at confluence for 2 and 3 wk,
switched to constant 2% CS and 2 wk in 2°, 3° and 4° assays. Four lineages in each category were grown at high density
in a 1° assay in combinations of 2%, 5%, and 10% CS for 2 and 3 wk (i.e., six categories). They were then passaged in
2% CS for 2 wk in serial 2°, 3°, and 4° assays. Saturation densities were recorded at each passage, and averages were
determined. The averages excluded cultures that had dense foci since they (denoted by parentheses) raised the
saturation density significantly above those with no foci. ND signifies a culture that was “not done” because the
previous assay had more than fivefold greater saturation density than the average of the 1° assay in 2% CS for 2 wk.

Those passaged in 2% CS retained their capacity for transformed
focus formation and tumor production at 6 and 34 passages (Table
3). When passaged six times in 10% CS, they lost half their capacity
to induce focus formation although their capacity for tumor pro-
duction remained high. However, their capacity for focus formation
was totally lost at 34 passages in 10% CS while the capacity for tumor
production was lost in three of four (3/4) mice. The latency of the
1/4 positive that produced a tumor was four times longer than the
average latencies of the four groups that had 4/4 positives. The same
was true for the 1/4 positive of the control, indicating that those two
tumors with latent periods of 97 d became transformed after injection
of the cells. The results suggest a strong relationship between dense
focus formation and tumorigenicity. Cells from the explant of a tu-
mor that had been initiated by injection of cells from a dense focus
had a large number of dense foci and tumors with the extremely short
latent period of 5 d. Comparison with the much longer, average la-
tent period of 25 d of cells directly injected from dense foci indicates
that the latter had to undergo an adaptation period for tumor for-
mation. The results from light foci were erratic in focus formation
and tumor development (17).

Discussion

Since development of cancer is thought to be clonal, the results
presented here illustrate the general importance of using me-
dium that is optimized for clonal growth (MCDB 402) to reveal
the full range of neoplastic progression by NIH 3T3 cells (9). The
same medium was also optimized for growth of Balb 3T3 cells
(18), with properties virtually identical to those of the NIH
3T3 cells (19). The Balb 3T3 cells were used to establish the
heterogeneity of normal cells for growth on plastic (20) and of
the capacity of growth in agar of transformed cells (21). That
heterogeneity underlay the progressive selection of NIH
3T3 cells for transformation by serial rounds of contact in-
hibition in MCDB 402 (13). Such sequential progression did
not appear in experiments involving DNA oncogene trans-
fection of cells, which were growing in DME, which lacked
many of the components necessary to exhibit this process. For
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comparative consistency of model systems, we used the NIH
3T3 cells in clonal medium MCDB 402 in our experiments pre-
sented here, which reexamine the dynamic aspects of neoplastic
development (2).

DNA transfection of presumed oncogenic DNA into NIH
3T3 cells growing in DME failed to yield transformed foci using
DNA from 80 to 90% of spontaneous human cancers (2). De-
spite this, the few successful transformations by the transfection
of tumor DNA supported the common belief of that era (1958-
2000) that cancer was caused by single oncogenes, which was
initially based on results from transformation of chicken embryo
cells by Rous sarcoma virus (RSV) (22). DNA from cells trans-
formed by RSV was highly successful in transforming NIH
3T3 cells, which gives added importance to the general failure of
the DNA from spontaneous human cancers. That means that
one of the main supports for mutation as the cause of cancer is
not valid. However, transformation by RSV infection proved an
inappropriate model for spontaneous human cancers for several
reasons. For example, ectodermal tumors on the chorioallantoic
membrane of chicken embryos induced by RSV infection un-
dergo massive necrosis within a few days after their formation
(23). Fibroblasts in cell culture lose the capacity to multiply when
the majority of them are infected by a high dose of RSV although
they make transformed foci when surrounded by normal cells
(24). FBS protein (FBSP) at conventional concentrations, or
high concentrations of calf serum, prevent the morphological
transformation of RSV-infected cells in culture (25) whereas the
rate of spontaneous transformation is greatly enhanced by rais-
ing serum concentrations as shown here. Perhaps the most sig-
nificant departure from the long-term, complex biology of cancer
in humans (26) is that transformation by RSV occurs in a single
step within a few days after RSV infection in contrast to the
protracted preneoplastic phase of human cancer (27).

Failure of most transfections of tumor-associated DNA to produce
transformation might be due to the need for increases in saturation
density associated with increases in susceptibility to transformation.
Those increases would not have occurred when only tumor DNA was
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Fig. 2. Sister cultures in 2°, 3°, and 4° assays equivalent to those in Table 2 but fixed and stained for foci.

transfected without the selective conditions that promote trans-
formation. The dynamic aspects of neoplastic development were
brought out by the scheme of varying the serum and concentration
and time of the first round of selection, followed by repeated rounds
under constant conditions. It revealed that the rate and extent of
saturation density in rank order of the 1° assay was maintained under
the constant condition of the subsequent serial assays, indicating that
many of the increases in saturation density of the 1° assay resulted
from mutations and/or stable epigenetic events.

In lieu of the failure of reductionist mechanisms, a functional
biological approach to understanding the process of field can-
cerization was developing. Ironically, enough, it arose from use of
the same NIH 3T3 cells, which had seemed to support the onco-
gene theory of tumor development. The main feature of that
functional approach is consistent with the general insight of Werner
Heisenberg, a founder of quantum mechanics: “Modern science has
demonstrated that in the real world surrounding us, it is not the
geometric (i.e., molecular?) forms but the dynamic laws governing
movement (coming into being and passing away), which are per-
manent” (28). The dynamic aspects of neoplastic development were
revealed in the experiment in which NIH 3T3 cells in MCDB
402 medium were grown to confluence under six different combi-
nations. The preneoplastic increases in saturation density involved
the entire cell population, suggesting uniform preneoplastic incre-
ments of very large numbers of mutational and/or epigenetic events
of low fitness advantage distributed among all of the cells. That
saturation slowly increased in the last assays derived from low se-
rum concentration of the first assay. Tiny, barely visible foci arose in
only one of four lineages of the last assay that originated from the
2-wk 1° assay, but many small, much denser foci arose in three of
the four lineages after the final assay started from the 3-wk 1° assay.
This extended delay of transformation could be interpreted as the
cell culture equivalent of the decades-long, preneoplastic develop-
ment of human cancer (26). The results conform to the finding in
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human colorectal cancer that more than 80% of the mutations in
tumors originated in the preneoplastic state (27). The population-
wide preneoplastic variations are consistent with the finding of
1,000 to 10,000 mutations in most human cancers, rising to as many
as 100,000 in colon cancer and melanomas (29).

There is no evidence for a preneoplastic stage in transformed
cells initiated by RSV infection. Therefore, it is not surprising
that transfected DNA from such cells had a high incidence of
transformed foci in NIH 3T3 cells (5). However, only a small
fraction of the DNA from human tumors elicited transformation
when transfected into NIH 3T3 cells (7). The low efficiency of
transfection of DNA from human tumors into NIH 3T3 cells is
consistent with the low fitness of thousands of preneoplastic
mutations or of epigenetic processes, which underlie the devel-
opment of human tumors (27, 29, 30).

By virtue of the finding that the Swiss mouse embryo cells can
be promoted to neoplastic transformation by simple selection at
high cell density, they might be considered “initiated” cells and
not relevant to truly normal cells (31). However, freshly explanted,
normal mouse embryo cells serially passaged at high cell density
(i.e., in contact with each other) markedly increases their satura-
tion density (32). Because they were randomly bred, their tu-
morigenic capacity could not at that time be tested in mice, but
cells freshly explanted from the inbred Balb 3T3 line subjected to
the same selective treatment with the same increases in saturation
density were highly tumorigenic in mice (11). Increased saturation
density was interpreted as the most reliable in vitro marker for
tumorigenicity. The overall results are consistent with the evidence
that hyperplasia is the first stage of tumor development, with
ability to form tumors in the succeeding stages (33, 34).

The question arises what is the significance of the in vitro
results for the more complex in vivo microenvironment.
However, hyperplasia beyond normal tissue architecture is a
prominent feature of field cancerization (33, 34). There are
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variations in growth factor activity of estrogens in women during
pregnancy, which advances the growth of normal mammary ep-
ithelium (35). Transplanted mammary tumors of mice grow
much more quickly in females than in males. However, implan-
tation of stilbestrol pellets into males allows growth of injected
mammary cancer cells at a rate equal to that seen in females.
Spaying of females slows the growth of the transplanted tumors.
Another example of the relation of growth-stimulating hormones
to tumor development has been proposed in diabetes type 2 and
obesity. There is a doubling of the frequency of cancer in both con-
ditions, which is attributed to excessive levels of insulin and insulin-
like growth factors that are associated with insulin resistance (36).
The linear relationship between serum concentration and
saturation density has long been known, but it was generally
believed that it was only a physiological response. Such response
would be expected to be reversible upon returning the cells to a
single low concentration of serum, but it was shown that the
relationship was partly inheritable when the cells were returned
to serial passage at a single low concentration of serum and time
interval (10). It also accelerated the progression to neoplastic
development in transformed foci (Fig. 2). Increasing the time
period of the 1° assay also accelerated the increases in saturation
density and the rate of transformation in the serial rounds of
selection at high cell density. The combination of these results
indicates that even small increases in growth factors, such as
insulin and stilbestrol, could produce significant increases in
tumor development if maintained over sufficient periods of time.
The increasing permissiveness of cell populations for neo-
plastic progression with repeated rounds of selection or pro-
tracted periods of time needs to be considered in the likelihood
of recurrence after surgical excision of tumors (34). It indicates
the need to identify the area of preneoplastic fields around tu-
mors to be included in such excision (37). It also suggests ap-
plication of preventive treatments after tumor removal. That

—

Fig. 3. Increasing permissiveness of transformed focus formation by serial
selection of their cellular microenvironment (15). Two lineages, A and B,
underwent a 1° assay in 10% CS for 3 wk, followed by 2° and 3° assays in 2%
CS for 3 wk. The 3° assay at 10° cells is shown, as is that of 10* cells combined
with 10° cells that had not undergone a selective assay to serve as a back-
ground for focus formation. Reproduced from ref. 15.
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Table 3. Relation between dense, transformed foci and their
tumorigenicity in mice

Passages
2% CS 10% CS Foci per 100 cells Tumors Latency, d
6 0 65, 59 4/4 25
34 0 48, 50 4/4 33
0 6 24, 26 4/4 25
0 34 0,0 1/4 97*
1 0 39, 34 4/4 18
Explant
1 0 55, 53 4/4 5
Control
0 86 0,0 1/4 97t

Cells were isolated from a dense, transformed focus that appeared during
passage of cells 3 times per wk at low density in 2% CS. They were passaged
at the same frequency in either 2% or 10% CS, and 100 cells of each were
assayed for focus formation at passages 6 and 34 and mixed with 10> non-
transformed cells. Tumorigenicity was determined by s.c. injection of 5 x 10°
cells into athymic mice, which were checked weekly for tumor formation.
Cells were also isolated from a lightly stained, partly transformed focus but
gave erratic results in both transformed foci and tumors. An interesting
sidelight is that the explant of a tumor that had been initiated by cells from
a dense focus and passaged once in 2% CS yielded cells that produced tu-
mors with the extremely short latent period of 5 d.

*Only one of four injected animals in the 10% CS group, but the latent
period was four times longer than the average of the groups that had
4/4 positives.

"The control group consisting of nontransformed cells passaged in 10% CS
had 1/4 positive, with a prolonged latent period the same as that of the *
group, suggesting that both were initiated after injection.

may include dietary changes, such as restriction of calories (38)
and treatment with chemotherapeutic agents.

There is a long history of controversy whether genetic instability
or selection is the driving force in tumor development (39, 40).
The controversy has been mainly at the theoretical level. Our
results at the simple experimental level under controlled envi-
ronmental conditions, which had been optimized for the growth of
NIH 3T3 cells under maximum definition, have made possible the
dynamic cell population experiments that show that selection at
confluence is the major driving force of neoplastic develop-
ment. That conclusion is strengthened by the finding that
transformation can be induced in cells growing at low pop-
ulation densities by reducing the concentration of CS from the
standard 10% to 2% and passaging them frequently (16). The
large reduction of CS allows selection of those cells from a
heterogeneous population, which has a high fitness for growth
at low serum concentrations.

There is a third method for transforming cells that supports
selection as the driving force in the process. Suspending non-
transformed BALB 3T3 cells in soft agar allowed formation of
small colonies (<0.2 mm) in 0.05% of the population and large
transformed colonies (>1.0 mm) in 0.005% of the population (41).
The smaller colonies were morphologically different on plastic
from the control, and from each other, with a wide range of
growth rates. The large transformed colonies in 0.005% of the
population differed in size and growth rate from each other. The
changes related to those of epigenetic embryonic differentiation
rather than that of genetic instability (42). Epigenetic selection
indicates a major role for microenvironmental change in neo-
plastic development requiring an approach to prevention and
treatment apart from the conventional killing of cancer cells. Mice
provided by and used at California State Department of Health.
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