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The ability of a cancer cell to ‘escape malignancy’ and return to a normal state sounds like the work of 

Houdini: seemingly impossible. But like Houdini’s daring feats, tumor reversion—when malignant cells regain 

control of their growth and simply stop behaving like cancer cells—is a very real thing. Now, researchers at 

NewYork-Presbyterian/Columbia University Medical Center have launched the first multicenter clinical trial 

of a compound that has been shown to induce tumor reversion in the laboratory. 

Scientists first observed the phenomenon at the beginning of the 20th century, but it is very rare, occurring at an 

estimated rate of one in 100,000. In cancer, normal cells become malignant when genetic mutations disable 

normal growth and survival control mechanisms, causing cells to multiply at an unreasonable pace. In tumor 

reversion, additional mutations or other genetic changes can occur that cause the cells to regain control of their 

growth. 

http://newsroom.cumc.columbia.edu/topics/cancer/
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In the 1960s and 1970s, Columbia University scientist Robert Pollack and his graduate student Scott Powers, 

and others, worked to isolate and characterize these cancer revertant cells in hopes of learning how they regain 

control of the cell’s growth infrastructure—and gaining further insight into the mechanisms of cancer. 

The experimental tools that were available at the time made the search difficult, and cancer researchers largely 

moved away from studying tumor revertants. But in the intervening years, a small group of researchers, 

including Adam Telerman and Robert Amson of Ecole Normal Superiéure, Paris, France, continued exploring 

the mechanics of this mysterious process by focusing on the molecular mechanisms that control tumor 

reversion. 

And in an article published last year in Nature Reviews Cancer, Dr. Pollack, a biology professor at Columbia 

University, and Dr. Powers, now a cancer biologist at Cold Spring Harbor Laboratory and Stony Brook 

University, argued that tumor reversion therapy may help us evade one of cancer treatment’s thorniest 

problems: resistance. 

Outsmarting Cancer by Following Nature’s Lead 

Current cancer patients can avail themselves of treatments such as chemotherapy, radiation therapy, and 

targeted therapy, which attacks specific pro-cancer cellular mechanisms. Although they work differently, each 

of these treatments is designed to kill as many cancer cells as possible. Even immunotherapy, which 

temporarily releases the immune system’s built-in brake system, puts cancer cells squarely in the bull’s eye. 

The theory is that launching an all-out attack against cancer cells—as exhorted by the National Cancer 

Institute’s War on Cancer in 1971—may prevent the cancer from progressing and metastasizing, or spreading, 

throughout the body. 

But according to Pollack, this line of attack is flawed. “Not only does this approach presume that each drug 

offers the solution for cancer, but it also neglects some pretty fundamental aspects of evolution that we often 

refuse to acknowledge,” says Pollack, who left his lab in 1994 to focus on teaching and writing. “It presumes 

that the developers of new cancer treatments have the answer, when their goal should be to sit back a bit and 

listen to what the cells are telling us.” 

What Pollack means is that no matter how many cancer cells are killed, evolution is usually one step ahead. 

(Pollack, who is currently Director of theUniversity Seminars program and of Columbia’s Research Cluster on 

Science and Subjectivity, has a knack for putting science into a macro perspective.) Several well-known 

experiments—and real-life patient experiences—have shown that even if many cancer cells succumb to 

treatment, others may carry a pre-existing mutation that allows them to evade treatment altogether. In the 

1940s, scientists Max Delbrück and Salvador Luria demonstrated that these mutations occur unpredictably and 

unintentionally. Later, in the 1950s, the scientific team of Joshua and Esther Lederberg also showed that such 

‘resistance’ mutations occur in the absence of exposure to an anti-cancer drug—before treatment has begun. 

“In cancer treatment, there is a good chance that some of the cancer cells will already contain genes that render 

them resistant to therapy. If enough of these resistant cells survive, the cancer comes back,” says Powers. Then 

it’s back to the drawing board. 

But though it was possible to select for tumor revertants in the 1960s and 1970s, says Powers, it was very 

difficult to study the genetic underpinnings of this phenomenon. That’s because the mutations that cause a 

tumor cell to escape malignancy are rare. Before the advent of whole exome sequencing (which sequences all 

of the genes expressed by the genome in cells), researchers lacked the tools to identify the elusive mutations 

that caused tumor cells to revert back to normal. 

http://www.nature.com/nrc/journal/v16/n4/abs/nrc.2016.12.html
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Without the right tools, by the 1990s, many cancer researchers turned their attention toward the discovery of 

oncogenes—genes that, when mutated, interfere with normal cellular processes and trigger malignant behavior. 

These discoveries led to the development of targeted therapies, which halt cancer progression by disrupting the 

cascade of events set into motion by these oncogenes. This targeted approach promised to yield a more 

effective solution with fewer side effects than conventional cytotoxic treatments, which kill tumor and healthy 

cells. But shortly after they were adopted in the clinic, many of these targeted therapies unleashed an 

unexpectedly powerful, fast-moving wave of resistance. 

“The problem is that cancer is smarter than drugs that target specific pathways,” says Mark Frattini, MD, PhD, 

associate professor of medicine and experimental therapeutics at Columbia University Medical Center and 

director of research for the Hematologic Malignancies Section, an oncologist at NewYork-

Presbyterian/Columbia and an expert in blood cancers. “They will often find another pathway to get past that 

point, and that’s when relapse occurs.” 

In recent years, the problem that once dogged tumor reversion research—a lack of tools for identifying the rare 

mutations—has been solved, largely through the efforts of Telerman and Amson. With this in mind, Pollack 

and Powers suggest that resistance might be avoided, or at least defanged, by identifying these rare mutations 

and learning how they work. 

  

Teaming Up to Test Revertant-Specific Therapy 

To test tumor reversion in the clinic, two major issues needed to be resolved: finding a drug that would 

facilitate reversion and designing a clinical trial to test the therapy in patients with relapsed or chemotherapy-

resistant cancer. 

A few years ago, Telerman and Amson noticed that people with several types of cancer, including cancer of 

the colon, lung, and melanoma, had high levels of a protein called TCTP. Experiments revealed that TCTP 

inhibits apoptosis—programmed cellular suicide that occurs in normal cells but not in malignant cells, 

allowing them to survive. Later, they found that patients with an aggressive blood cancer known as acute 

myeloid leukemia (AML) and high levels of TCTP tended to have poor outcomes. 

Chemotherapy is ineffective for about 30 percent of AML patients, and at least 50 percent of those who 

achieve remission eventually relapse. Mutations in the tumor suppressor gene, p53, which normally regulates 

the cell cycle and triggers apoptosis in the face of cellular DNA damage, were also associated with poor 

outcomes. The researchers theorized that they could improve AML treatment outcomes by finding a way to 

modify these two genes to reduce TCTP and restore normal p53 function. 

Using a cellular screening approach, Telerman and Amson looked for a known drug that could decrease TCTP 

levels. Their most promising candidate was sertraline (Zoloft), a commonly prescribed antidepressant that 

belongs to a class of medications called selective serotonin reuptake inhibitors (SSRIs). Lab studies revealed 

that sertraline binds to TCTP, preventing it from activating another protein, MDM2, which, in turn, inactivates 

and subsequently destroys the p53 tumor suppressor protein. Preclinical studies of sertraline in solid tumors, 

including colon, cancer, and breast cancer, showed that inhibiting the expression of TCTP increased the 

number of revertant cells by 30 percent. Additional experiments revealed that sertraline was the only SSRI on 

the market with this unique ability. But without testing it in the clinic, there was no way to know whether this 

approach would work in patients who had failed initial treatment. 

As it would happen, Frattini was introduced to Telerman and Amson via one of his long-time mentors, Judy 

Karp, MD, an international expert in acute leukemia, both clinically and scientifically, at Johns Hopkins 

http://www.pnas.org/content/101/43/15364
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Medical Center in Baltimore. Karp had collaborated with Telerman and Amson to test sertraline in 

combination with standard chemotherapy (cytarabine) in primary patient samples of AML. After seeing the 

positive results, Karp brought the three groups together. Frattini jumped at the chance to test the combination 

therapy in patients with relapsed AML, with Karp, Telerman, and Amson as collaborators. 

With funding secured from the Leukemia and Lymphoma Society, Frattini has launched a small Phase I, dose-

escalating trial of sertraline in combination with cytarabine, a chemotherapy agent commonly used to treat 

AML, at Columbia. The primary goal is to test safety at different dosage levels of sertraline, but a secondary 

aim is to determine if sertraline can help restore normal p53 function. “We are expecting that at higher doses of 

sertraline, given after the first administration of chemotherapy during the critical [DNA] synthesis phase of the 

cell cycle, will allow the tumor suppressor to do its job, triggering cell death among the malignant cells and 

resensitizing remaining cells to chemotherapy,” says Frattini. 

So far, the Columbia site is currently accruing patients. Johns Hopkins will enroll additional patients, pending 

their IRB approval. Frattini’s team, which leads a tissue repository for blood cancers, will process samples 

from both institutions. Frattini’s and Telerman’s labs will perform the correlative studies. 

Two Campuses, One Idea 

Learning about the clinical trial taking place at Columbia’s campus on 168th Street has been deeply satisfying 

for Pollack, who recently met Frattini for the first time. “Imagine how I feel, hearing about this clinical trial 40 

years after my initial work to learn from tumor revertants. I am getting used to the idea that reverting to normal 

is finally in play as a potential treatment for cancer, right here in our own university.” 

Pollack’s excitement stems from the inevitable connecting of the dots, beginning with his own work in the lab 

to the elegant studies of Telerman and Amson and finally moving ahead to the current sertraline clinical trial. It 

is a fitting scene for a former researcher who wants us to admit that while we may not have an elegant and 

ultimate solution for cancer, we may finally get to see what happens when we work with evolution, not against 

it. 

 



GROWTH CONTROL IN CULTURED CELLS: SELECTION OF
SUBLINES WITH INCREASED SENSITIVITY TO CONTACT

INHIBITION AND DECREASED TUMOR-PRODUCING ABILITY*

BY ROBERT E. POLLACK, HOWARD GREEN, AND GEORGE J. TODAROt

DEPARTMENT OF PATHOLOGY, NEW YORK UNIVERSITY SCHOOL OF MEDICINE, NEW YORK, NEW YORK

Communicated by Robert J. Huebner, January 18, 1968

As growing cultures of mammalian cells reach a high density, their growth rate
decreases and in some cases a substantially nondividing population may result.
This arrest of growth requires cell contact," 2 though soluble substances are also
involved.3-5 The phenomenon has usually been called contact inhibition of
division.
Transformants and tumors are relatively insensitive to growth inhibition, but

the present experiments have shown that, even in such populations, it is possible
to select for sensitive cells by exposure to 5-fluoro-2-deoxyuridine (FUdR) and to
obtain stable variants greatly altered in their culture behavior and in tumor-
producing ability.

Materials and Methods.-All cultures were maintained at 36.50C in 20-cm2 plastic
Petri dishes in Dulbecco and Vogt's modification of Eagle's medium6 supplemented with
10% calf serum. The medium was changed twice weekly.
The cells used in these experiments were established fibroblast lines originating in this

laboratory. 3T3-4 and 3T6-7 are established lines of mouse embryo origin.7 Pyll and
SV101 are transformants of 3T3 produced by polyoma virus and SV40, respectively.8
PyH 75 is a hamster established line originating from a polyoma virus-induced tumor.9
The lines were cloned twice before they were used in selection experiments. All variants
selected are designated as Fl (flat) with superscripts indicating the number of FUdR
treatments preceding their isolation.
FUdR'0 was obtained from Hoffmann-LaRoche, Nutley, New Jersey. Concentrated

stock solutions were kept frozen until used. To remove FUdR before transferring surviv-
ing cells, cultures were incubated in fresh medium for-15-30 min before washing and
trypsinization. In order to prevent any fluorouracil, produced by breakdown of the de-
oxyriboside, from interfering with RNA synthesis, a 10-fold greater quantity of uridine
was added with the FUdR."1
The capacity of a cell line to produce tumors was tested in 21-day-old Syrian hamsters.

Known numbers of cells were injected subcutaneously over the back, and the animals
examined for tumors 3 times weekly. A nodule exceeding 1 cm in diameter was con-
sidered positive. All tumors grew progressively thereafter.

Results.-Sensitivity of different lines to killing by FUdR: Antimetabolites
that interfere with DNA synthesis affect the viability of cells only if they are in
the S period of the division cycle, i.e., synthesizing DNA. For example, non-
growing cells are unaffected by concentrations of iododeoxyuridine lethal to
growing cells.12
The susceptibility of a number of lines to FUdR was tested by exposing ex-

ponentially growing cultures to FUdR for 48 hours, removing the FUdR, trans-
ferring the cultures at suitable dilutions, and counting colonies produced by the
survivors 10-14 days later. Figure 1 shows the results obtained with PyH75,
SV101, Pyll, and 3T3-4. In all cases, the number of surviving cells could be
reduced to 10-5 or less. This was accomplished at a concentration of 0.1
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FIG. 1.-Fraction of cells forming colonies after 48-hr exposure to FUdR at low cell density.

s~g/ml for two polyoma virus-transformed fibroblast lines (PyH75 and Pyll) and
25 j~g/ml for SV101 and 3T3-4. Other lines examined were about as sensitive as
SWlMl, so that the polyoma lines may be unusually sensitive to FUdR.

Survival of cells treated with FUdR at different cell densities and relation to con-
tact sensitivity: Lines 3T34 and 3T6-7 differ greatly in their saturation densities.7
Cultures of each line were inoculated at low densities with the cells distributed as
evenly as possible (Table 1). At intervals, a plate was trypsinized, and the cells
were counted and plated to determine the number of colony-formers. FUdR
was then added to a sister culture and allowed to remain there for two days. The
cells were then trypsinized, counted, and the number of colony-forming survivors
was determined. No increase in total cell number occurred in the presence of
FUdR.

In Figure 2A, the number of colony-forming survivors expressed as a fraction
of the control is plotted on a logarithmic scale against cell number per unit area at
the time the FUdR was added. At a sufficiently low density, fewer than 10-4
cells survived. As the density increased, an increasing proportion of the cells
survived, and the number of survivors always rose much faster than the cell
density. For example, the number of 3T3 survivors rose from 10-i to 1.0,
whereas the cell density rose from 0.4 to 4 X 104/cm2. At the same density, only
1.8 X 10-3 of the 3T6-7 population survived FUdR, and only at a density of 40
X 104/cm2 (its saturation density) did the 3T6-7 survivor fraction reach 1.0.
At a low density, the killing curves converge and might be expected to meet at a
density sufficiently low that no cell contact occurs.

Properties of FUdR survivors: Colonies were isolated from cultures treated
with FUdR at densities at which most of the cells were killed. These colonies
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grew as rapidly as the parent line in sparse culture, but many were found to have
lower saturation densities. They thus appear to be variants having greater con-
tact sensitivity. Several of these variants were examined for sensitivity to
FUdR while growing at very low cell densities and were found to leave fewer than
10-4 survivors. They did not therefore have increased FUdR resistance while
synthesizing DNA. However, at sufficiently high cell densities their greater
sensitivity to contact inhibition made them more resistant to FUdR than the
parent population.

TABLE 1. Saturation density and plating efficiency on 3T3 monolayers of various lines and
their flat derivatives.

Saturation density
(cells/cm2 X 10-4) RPE*

3T6-7 40.0 1.0
F11-1 3T6-7 7.0 0.003
3T3-4 4.0 0
SV1M1 46.0 0.6
F12-1 SV101 7.0 0.06
Pyll 37.5 0.1
FIl1 Pyll 7.0 0.01

PyH75 >75 1.1
Fl121 PyH75 50 0.9
FI2-21 PyH75 45 0. 2t

*RPE = ~~~~~colonies on 3T3 monolayerRPE: relative plating efficiency colonies on bar Petriadis
colonies on bare Petri dish

t This value does not include a small number of microcolonies formed on 3T3. These colonies
are visible several days after plating but do not continue to grow.

One variant colony of 3T6-7, Fl'-3T6-7, was isolated, grown, and recloned. It
was found to reach a saturation density of 7 X 104/cm2. When cultures at
different cell densities were again treated with FUdR, a survival curve was ob-
tained (Fig. 2A) that was very much displaced from- that of the parent line and
very similar to that of 3T3-4.

In contrast, the same selection procedure applied to 3T34 did not yield vari-
ants with appreciably lower saturation densities nor with displaced FUdR killing
curves. Presumably 3T3 is already close to the maximum sensitivity to growth
inhibition.

Selection of flat variants from virus-transformed cell lines: The FUdR. killing
curve of SV101, a cloned SV40 transformant of 3T3 that saturates at 47 X 104/
cm2, is shown in Figure 2B. It can be seen that the number of survivors is
several orders of magnitude below that of 3T3-4 treated at the same density.
Only at densities higher than the saturation density of 3T3-4 are survivors
detectable. The surviving fraction never reaches 0.1, even at the highest cell
density. This probably means that even at the nominal saturation density the
greater part of the culture is not resting but contains dividing and dying cells.
Consistent with this, cells in mitosis can usually be seen even in very thick cul-
tures.
From the surviving colonies of this first FUdR selection, a relatively flat colony

was isolated and grown to mass culture. It had a saturation density of 15-20 X
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FIG. 2.-Colony-forming survivors following treatment with FUdR at different cell densities.
(A) Cell lines of high and low saturation densities.
(B) SV40-transformed line.
(C) Polyoma tumor line.
(D) Log-log plot of fraction of colony-forming survivors against cell density normalized

to per cent saturation density. Pooled data for nine cell lines for which saturation densities are
given in Table 1.

104/cm2. This line (Fl-SV101) was carried through a second FUdR cycle, and
the surviving colonies were more generally flat. One clone (F12-SV1J1) was
found to reach a saturation density of about 7 X 104/cm2. A cycle of FUdR
treatment on this clone (Fig. 2B) showed marked displacement of the killing
curve. It may be seen that at a density of 5 X 104/cm2 fewer than 10-4 of SV1J1
survived, whereas survivors of F12-SV101 reached 10-2. This behavior is still
clearly distinguishable from that of 3T34, which was completely protected at
this density. A further FUdR selection on a line originating from a surviving
colony did not result in variants with improved survival in FUdR (Fig. 2B,
F13-SV101). Similar results were obtained with polyoma virus-transformant
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Pyll. In this case, a single cycle of FUdR was sufficient to produce colonies of
cells that had saturation density not much higher than 3T3-4 (Table 1).

Selection of flat variants from a virus-induced hamster tumor line: PyH75 is a
tumor line produced by the injection of polyoma virus into newborn hamsters.
Following its culture evolution into an established line, PyH75 retained its
ability to produce tumors.9 The clone isolated from this line and used here
grows in a very loose net characteristic of polyoma transformants.'3 The cells
are fusiform, and since they attach to the dish over a relatively narrow surface,
they have a refractile appearance. As the cell density increases, nodules of more
densely packed cells develop, perhaps as a result of retraction, and these break
out of the plane of the cell layer, forming balls of largely unattached cell masses.
As a result, no stable saturation density is attained though attached cell densities
of 75 X 104/cm2 have been measured.
When PyH75 was treated with FUdR, fewer than 10-5 of the cells survived

when the density at the time of exposure was less than 4.5 X 104/cm2 (Fig. 20).
At a fivefold higher density, the surviving fraction was about 10-2. A culture
grown up from a mixture of several surviving colonies was taken through a
second cycle of FUdR. Of the colonies surviving the second cycle, some grew
very slowly even at low densities and failed to do well on transfer. These colonies
were discarded. Others grew at the usual rate, but the cells were obviously more
adherent to the culture vessel than the parent line and were packed more tightly
together. Two such colonies, F12-1 PyH75 and F12-21 PyH75, were grown up
and subjected to third cycles. Figure 2C shows that at each density the survival
was 10-100 times better than that of the parent. Both lines had quite high
saturation densities (Table 1), but the cell layers were stable and, at least in the
case of F12-21, the FUdR killing curve indicates that there was not much cell
turnover at the saturation density.
When the data for the nine lines with different stable saturation densities

(Table 1) were pooled in a log-log plot (Fig. 2D) in which cell density was normal-
ized to per cent of saturation density, all points clustered about- a single curve.
Thus all lines displayed a common response to increasing density. During the
last 3.5 cell generations preceding saturation, the surviving fraction increased
roughly as the fourth power of the density.

Colony-forming ability on a monolayer of 3T3: The ability of one cell type to
inhibit the growth of another has been studied in various systems. 14-17 Viral
transformants are often able to form colonies very well on a confluent lawn of the
parent cell type. For example, SV40 transformants of 3T3 or of human fibro-
blasts will grow very well when inoculated on a resting monolayer of either 3T3
or human diploid cells.
The ability of the flat variant lines to grow on a 3T3 monolayer was compared

to their ability to grow on the bare surface of the Petri dish (Table 1). All flat
derivatives showed a marked drop in colony-forming ability on 3T3 when com-
pared with the parent line.

Tumor-producing ability of FUdR-selected variants: In general, a relation has
been thought to exist between insensitivity to contact inhibition in culture and
ability to produce tumors in animals. However, it has not been possible up to
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now to select at will for sensitivity to contact inhibition of growth and to sys-
tematically correlate tumor-producing power with culture behavior. The
PyH75 variants have made it possible to do this, and the results are shown in
Figure 3.
Weanling hamsters were injected with 5 X 104 cells of PyH75, and two F12

sublines, F12-1 PyH75 and F12-21 PyH75, obtained from the second cycle of
FUdR treatment described above. PyH75 cells produced tumors of 1-cm di-
ameter in all the injected animals within 30 days. F12-1 PyH75 cells produced
tumors in only half the injected animals within 50 days. The same number of
F12-21 PyH75 cells produced no tumors during the observation period of 60 days.
In a further experiment, when a group of four animals was injected with cells of
this line in ten times higher number (5 X 105 cells), one animal developed a tumor
35 days after injection. It is therefore clear, even on the basis of this small
experiment, that FUdR-selected variants of a polyoma virus-induced tumor have
reduced tumor-producing power.

Significance of flat variants for the study of transformation: When tumors are
serially transplanted in animal hosts, the selective conditions favor those cells with
the highest degree of neoplastic character; transplanted tumors evolve in this
direction. 18 Similarly, when established cell lines are serially cultivated, the
culture conditions select in favor of variants with the ability to grow under
conditions in which the growth of the rest of the population is arrested. This is
probably why many long-term established lines do not reach any stable satura-
tion density and have neoplastic character. Culture behavior and tumor-
producing power for cells of similar origin have also been related by the observa-
tion that multilayer, but not monolayer, clones of polyoma virus-transformed
cells are tumorigenic in hamsters.13
The present experiments show that the variation also occurs in the opposite

direction and that, with FUdR, it is possible to select in culture for cells with
increased sensitivity to growth inhibition. The cells so selected are stably
different from the original population since their descendants show: (1) altered
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morphology including greater flattening and adherence to the culture vessel;
(2) lower saturation density; (3) reduced ability to form colonies on a 3T3 mono-
layer; (4) altered FUdR survival curve; and (5) reduced tumor-producing capac-
ity. Since all of the original lines were cloned twice before the selection experi-
ments were begun, the variants selected must have developed during the period
of growth of the cloned lines preceding the selection experiment (20-40 cell
generations). A fluctuation experiments' 20 has confirmed the pre-existence of
flat variants in an SV40-transformed 3T3 population at a frequency of approxi-
mately one in 105.
The type of variation described here also occurred in lines that have never

been infected with viruses. It could therefore be a cellular property independent
of the virus. However, it seemed possible that since the virus transformants in
general have low sensitivity to contact inhibition of growth, a powerful selection
in favor of sensitive cells might disclose the presence of "revertants" that have
lost the viral genome. This possibility was tested on flat variants of SV101 and
PyH75.
The two tested variant clones that arose from SV101, like the original line,

contained the SV40 T-antigen, and the two clones derived from the polyoma-
transformed hamster line PyH75 still contained the polyoma T-antigen.21 Tests
for the SV40 viral genome by cocultivation with monkey kidney cells in the
presence of irradiated Sendai virus22 yielded SV40 from both SV101 and Fl2-
SV101. This type of variation therefore occurs in cells expressing viral func-
tions. However, examination of a larger number of flat variants may disclose
whether or not revertants do occur, as in the case of Rous virus hamster trans-
formants.23
The relation between contact inhibition in culture and tumor-producing capac-

ity has been clouded by the ambiguity of the criteria used and especially by the
fact that some cell lines, though quite sensitive to contact inhibition of move-
ment, are not sensitive to contact inhibition of growth.3' 24, 25 It should therefore
be emphasized that the present studies are concerned only with effectson growth
and that comparisons have been made between lines and their proximate clonal
descendants.
Summary.-When cloned populations of cultured mammalian cells were treated

with FUdR at different cell densities, the growing cells were killed, but the non-
growing cells were unaffected and their progeny could be obtained selectively.
Among these progeny were variants stably different from the original population
in that they were more sensitive to contact inhibition of division and for this
reason were protected from FUdR killing. Such variants could be isolated from
established lines and from transformants produced by oncogenic viruses. They
had a number of common properties in culture and greatly reduced tumor-
producing ability in vivo.
The results give strong support to the hypothesis that contact inhibition of

division in culture is related to growth control in vivo. Variation in the direction
of greater sensitivity to both evidently occurs spontaneously even in viral trans-
formants and in tumors in which some viral functions continue to be present.
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The FUdR selection method may be of general applicability for the detection
and isolation of cells with increased sensitivity to any form of growth control.

* This work was aided by grants, fellowships, and awards from the U.S. Public Health
Service: CA 06793; F2AI 33, 222 (R.E.P.); 5K6-CA1181 (H.G.); and 1-K3-CA-21230
(G.J.T.).
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