ty of each drug to increase the recovery
of the 6-TG* mutants and its ability to
promote tumors in vivo. Both phorbol
and 4-a-phorbol-12,13-didecanoate (nei-
ther of which promotes the growth of
skin tumors) gave essentially negative
results.

These results, we believe, are appli-
cable for the detection of tumor pro-
moters in Chinese hamster cells in vitro.
At present, phenobarbital, anthralin,
butylated hydroxytoluene, DDT, and
saccharin have blocked metabolic coop-
eration in the V79 system (23). We are
now testing suspected promoters of tu-
mors in humans by using Lesch-Nyhan
fibroblasts (HGPRT™) cocultivated with
normal diploid fibroblasts (HGPRT™).

It would appear that the mechanism
through which TPA increases the recov-
ery of 6-TG" cells in the V79 system is
related to a reduction of metabolic coop-
eration. This could occur through altera-
tion of membrane structure or function
or both, which would reduce the amount
of cell-to-cell communication. This ex-
planation is consistent with a variety of
experimental and theoretical reports.
Borek and Sachs (24) showed that non-
transformed hamster or rat cells can in-
hibit cell replication of transformed cells.
Sivak and Van Duuren (25) noted that
croton oil, a potent promoter of skin tu-
mors in mice, enhances the recovery of
virus-transformed cells that are coculti-
vated with many nontransformed 3T3
mouse cells. Krieg et al. (26) showed
that TPA is an effective inhibitor of a G1
chalone in mouse skin. A mathematical
model was postulated by Bell (27) to ex-
plain how cancer cells escape regulation
by diffusible mitotic inhibitors. He pos-
tulated a locally reduced mitotic inhib-
itor to account for a single transformed
cell proliferating until it reaches a *‘criti-
cal mass.’’ Bertram (28) and Lloyd et al.
(29) showed that untransformed 10T!/2
cells can, by cocultivation, suppress the
expression of transformed C3H 10T!/2
cells. Recently, Bertram (30) showed
that the mechanism by which non-
transformed 10T!/2 cells inhibit the
growth of cocultivated malignant cells
seems to involve the modulation of cy-
clic nucleotides in mediating intracellular
communication between normal and
transformed cells.

Two additional observations should be
considered: (i) transformed human cells
exhibit reduced contact-mediated com-
munication when compared to normal
cells (9) and (ii) malignant cells in mice
melanomas do not form tumors when
mixed with cells of a nonmalignant clone
(5). Since tumorigenicity has been shown
to be a recessive trait (3/) in all but vi-
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rally transformed cells, it is likely that tu-
morigenic cells can be converted into
normal cells when regulatory substances
from normal cells are transferred by
metabolic cooperation. Therefore, we
speculate that a possible mechanism for
tumor promotion could be the elimina-
tion of metabolic cooperation, allowing
cells in the initation phase of carcinogen-
esis to express their transformed pheno-
type.

L.P. YorTl, C. C. CHANG, J. E. TROSKO
Department of Pediatrics and Human
Development, College of Human
Medicine, Michigan State

University, East Lansing 48824
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Noncycling Tumor Cells Are Sensitive Targets for

the Antiproliferative Activity of Human Interferon

Abstract. Resting Burkitt’s lymphoma cells (Daudi) in culture are more sensitive
targets for the antiproliferative activity of purified human fibroblast interferon than
cells that are rapidly multiplying. Thus, interferon may be of significant clinical value
in neoplasms involving stem cells and, after chemotherapy, in suppressing the re-

emergence of tumors.

Interferons (IF’s), produced by dif-
ferent cell types, are glycoproteins with
antiproliferative as well as antiviral ac-
tivities. They are being tested as thera-
peutic agents in a variety of malignant tu-
mors and viral diseases (/). Although
IF’s affect a wide range of tumor cell
types, little is known about the events
in the mitotic cycle that are targets
of IF action. Better insight into the
action of IF’s could result in greater sup-
pression of tumor cell proliferation and
possibly effective combinations with
available chemotherapeutic drugs. This
would be very useful for clinical trials,
which are now limited by both the ex-
pense and the amount of IF’s available.

Lymphoblastoid cell lines, established
from Burkitt’s lymphoma, have been
used to study the IF effect on cell divi-
sion and the virus growth cycle (/, 2). Si-
multaneous measurements of IF effects
on expression of virus genes (Epstein-
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Barr virus) and cell growth show that the
kinetics of appearance of the anti-
proliferative and antiviral effects are par-
allel, illustrating the close functional sim-
ilarities between them. Moreover, these
two properties of IF’s are always coor-
dinately influenced, as shown by the gra-
dient of IF sensitivity observed among
certain lymphoid tumor lines 2). Both
biological effects reside in the same gly-
coprotein (I, 3).

The antiviral effect of IF’s is enhanced
in noncycling human cells ¢). In this re-
port we demonstrate that the anti-
proliferative activity of purified human
fibroblast IF (HFIF) on Daudi lympho-
blastoid cells is most pronounced in rest-
ing or nondividing cells. Our experi-
ments imply that intracellular events, in
conjunction with the extracellular IF
concentration, are critical determinants
of the magnitude of antiproliferative re-
sponse. They suggest a strategy for the
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combined use of IF’s and chemothera-
peutic agents to achieve maximal tumor
cytoreduction and containment of the re-
sidual tumor cells.

Experiments were designed to deter-
mine whether resting and actively cy-
cling Daudi cells are equally susceptible
to an IF-induced blockage of division.
The HFIF was added at 0 and 24 hours
after plating (resting cells, Fig. 1, A and
B), 50 hours (initiation of cell division,
Fig. 1C), and 70 hours (logarithmic
growth, Fig. 1D). All experiments were
performed with cells that had been
plated simultaneously from one batch of
suspension culture, ensuring that condi-
tions for cell growth were identical.

The antiproliferative effect was maxi-
mal when HFIF was added immediately
after cell seeding in microplates (Fig.
1A); this allowed 48 hours of action
before the cells entered exponential
growth. The effect appeared to be ap-
proximately proportional to the loga-
rithm of the HFIF dose applied. It was
qualitatively independent of cell con-
centration, but slight quantitative dif-
ferences were noted. Even at its highest
concentration, 3000 reference units per
milliliter (see legend of Fig. 1), HFIF
was not directly toxic to cells, since
there was no decline in viability.

As the time of HFIF addition was pro-
gressively postponed, there was an in-
creasing loss of antiproliferative effect
(Fig. 1, B to D). This suggested that the
antiproliferative effect was linked to in-
tracellular events that varied as the cells
passed through a resting phase to an ac-
tively cycling phase.

After HFIF was added to Daudi cells
about to enter active cycling, more than

Fig. 1. Effect of purified HFIF on proliferation
of Daudi cells. The HFIF was produced in
diploid fibroblasts by a superinduction proce-
dure (/3) and purified by sequential affinity
chromatography on concanavalin A-agarose
and phenyl-Sepharose CL-4B (/4). After elu-
tion from phenyl-Sepharose, HFIF with a
specific activity of 2 X 10 U/mg was ob-
tained, and human serum albumin (3 mg/ml)
was added to enhance stability. After dialysis
against phosphate-buffered saline, the HFIF
was freeze-dried and stored at 4°C. The HFIF
concentrations are expressed in units of a Na-
tional Institutes of Health reference standard
(G-023-901-527). Daudi cells (obtained from J.
Fogh of Sloan-Kettering Institute) were
grown in RPMI medium 1640 supplemented
with 1 mM glutamine, 15 percent fetal calf
serum, penicillin, and streptomycin. From a

Table 1. Population doublings of Daudi cells
between 50 and 100 hours after treatment with
purified HFIF. For a starting cell concentra-
tion of 1 x 10° cells per well, the number of
population doublings was calculated for the
control and HFIF-treated cells from the cell
counts in Fig. 1. Results are expressed as per-
centages of the population doublings ob-
served in untreated cultures during the same
time interval.

Time of

HFIF HFIF (U/ml)
addition
(hours) 0 30 300 3000
0 100 65 5 2
24 100 84 36 22
50 100 95 53 28
70 100 95 54 36

24 hours were required before an appar-
ent effect on cell multiplication could be
discerned (Fig. 1C). A similar lag phase
was observed in suspension cultures of
mouse leukemia (5) and other mammali-
an cells treated with IF (6). This lag
phase is consistent with the buildup of
intracellular effector molecules induced
by IF (7). Figure 1C also shows a marked
reduction in the overall magnitude of the
IF effect compared to that observed
when identical concentrations were ap-
plied to noncycling cells. For example,
addition of both 300 and 3000 U/ml to
resting cells (Fig. 1A) resulted in 10- to
18-fold greater inhibition of cell division
(Fig. 1, C and D, and Table 1). The anti-
proliferative effect was further reduced
when HFIF was added to cells during ex-
ponential growth (Fig. 1D); the growth
curves for the treated cells now deviated
little from the control curve. Thus, when
HFIF was added to actively dividing

Cell number per milliliter

0 50 100

150 0 50

Time (hours)

nonagitated suspension culture of cells grown for 8 days to a plateau phase of growth, plates
(Linbro FB-24-16-TC) were seeded with a cell suspension (1 X 10% or 4.5 X 10° cells per
well) in a final volume of 1.0 ml per well. The plates were incubated at 37°C in a humidified
5 percent CO, atmosphere in air; purified HFIF (50 ul diluted in cell culture medium) was
added (triplicate wells) at the times indicated by arrows. Culture medium (50 ul) was added
to controls. Cell counts at 24-hour intervals were determined with a Coulter counter. Standard
errors (not shown) were less than *+ 2 percent. Curves are for controls (—) and for cells
treated with HFIF at 30 U/ml (...... ), 300 U/ml (—-:--—), and 3000 U/ml (———).
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cells, the antiproliferative effect fell
more than tenfold compared to that on
nondividing cells. It appears that the de-
parture of Daudi cells from a noncycling
mode, or a state analogous to the G,
phase, is the important determinant in
explaining our results.

In separate experiments, we and oth-
ers (6) have demonstrated that exposure
of cells to purified HFIF for as little as 60
minutes is as effective as exposure for 5
to 8 days in interfering with the mitotic
cycle. Thus, the antiproliferative effect,
like the antiviral effect of IF, can be trig-
gered by short exposure times. This im-
plies that the apparently lower stability
of HFIF (compared to human leukocyte
IF) may not be a major factor influencing
its antiproliferative function in vivo (8).
Indeed, brief exposures to HFIF in
vivo—for example, every 2 to 4 days—
might have a pronounced antiprolifera-
tive effect. In the experiments reported
here, the HFIF levels fell to approx-
imately 20 percent of the original level
by 75 hours after addition (data not
shown). Treatment of cells with purified
HFIF may render them more sensitive to
normal control mechanisms that limit
cell cycling as the population density in-
creases (6). With HFIF treatment the
cell’s cytoskeleton enlarges and its
plasma membrane may become more rig-
id (6, 9). Decreased proliferation of cells
is normally accompanied by a stepdown
in macromolecular synthesis but the fac-
tors that regulate cell division at high
population densities are not fully de-
fined. When cells are at or near G,, HFIF
may effectively augment the normal
buildup of modulators, such as oligoade-
nylic acid triphosphate (2-5A) (/0), that
results in the observed stepdown in cel-
lular macromolecular synthesis. When
cells enter a logarithmic phase of growth,
with its attendant increase in macromo-
lecular synthesis, our experiments sug-
gest that the IF-induced effector mole-
cules (such as 2-5A) are either less abun-
dant or much less effective.

At a practical level, these experiments
imply that a stronger effect of IF’s on hu-
man tumors in vivo might be obtained by
combining them with drugs that impair
cell cycling activity and result in a popu-
lation enriched in resting tumor cells.
The superiority of chemotherapy and IF
over either drug alone has been demon-
strated in the mouse (//). A tumor is a
mixture of cells, some of which are mo-
mentarily quiescent while others are in
an active mitotic cycle; in such a situa-
tion, IF and a chemotherapeutic drug
might be expected to have a synergistic
effect when used in an appropriate se-
quence. It would be required that the

SCIENCE, VOL. 206



chemotherapeutic drug selected have a
mode of action compatible with IF in-
duction of its various intracellular media-
tors (/2). Also, IF may prove of par-
ticular value in controlling neoplasms
involving stem cells such as leukemias
of myeloid origin.
JuLius S. Horoszewicz
SusaN S. LEONG
WiLLIAM A. CARTER
Roswell Park Memorial Institute,
Buffalo, New York 14263
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Cortical Plasticity in Monocularly Deprived

Immobilized Kittens Depends on Eye Movement

Abstract. A marked reduction of binocular cells in striate cortex is found if 4-week-
old kittens are visually stimulated monocularly while anesthetized and held in a ste-
reotaxic apparatus. If the kittens are paralyzed and artificially respirated, changes
are not found unless an eye is moved mechanically. It appears that eye movement
and visual stimulation are necessary conditions for deactivation of binocular con-
nections, but neither is sufficient to induce such changes alone.

A relatively brief period of monocular
deprivation can cause marked changes in
the visual cortex of a 4-week-old kitten
(7). Study of this phenomenon, which
could reflect cellular mechanisms similar
to those involved in learning and memo-
ry, would be greatly facilitated if the con-
sequences of the visual deprivation were
measured as they developed. However,
attempts to produce alterations in the vi-
sual cortex while recording from single
neurons have been largely unsuccessful
). Since monocular occlusion for 8
hours causes physiological changes if an
animal is alert (3), but not if it is para-
lyzed and anesthetized, one or both of
the latter conditions must interfere with
the process that deactivates some affer-
ent pathways.

We tested the hypothesis that the cor-
tical effects of brief periods of monocular
occlusion are prevented by paralysis or
anesthesia or both. Two groups of nor-
mally reared 4-week-old Kkittens were
held stereotaxically while they viewed a
visual stimulus monocularly for 12
hours. Then, using standard procedures,
we studied a sample of cells in their visu-
al cortex. One group of kittens breathed
a mixture of nitrous oxide and oxygen
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during the stimulation but remained un-
paralyzed. Results from this group
showed a significant numerical reduction
of binocularly activated cells but not of
neurons responsive through the oc-
cluded eye. The second group was pre-
pared in the same way as the first group,
but the kittens were paralyzed during the
exposure to visual stimuli. In this case,
no breakdown of binocularity was found.
We conclude that some aspect of the pa-
ralysis somehow interferes with the ef-
fects caused by monocular deprivation.
In the first experiment, ten Kittens
were anesthetized with halothane; anes-
thesia was maintained by intravenous in-
fusion of methohexital sodium while a
tracheal tube was inserted and EEG
electrodes were attached to the skull.
The kittens were then positioned loosely
in a stereotaxic apparatus. All wound
areas were infiltrated with a local anes-
thetic (zyljectin). Five of the kittens
were paralyzed with gallamine tri-
ethiodide (10 mg/kg per hour) and were
given a mixture of N,O (75 percent) and
O, (25 percent) through a respirator. The
other five kittens were not paralyzed and
were given the gas mixture through a res-
ervoir and a one-way valve arranged so
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that room air could not enter. (Cursory
observation indicated that under the lat-
ter condition, irregular eye movements
of moderate scope and slow velocity oc-
curred.) All ten kittens were given a very
small amount of methohexital sodium
(0.75 mg/kg per hour, intravenously) in a
mixture of lactated Ringer’s solution.
Contact lenses were placed on both eyes
but the left lens was opaque, occluding
the entire palpebral aperture.

Visual stimuli were presented in one of
two forms (Fig. 1). The first was a cath-
ode-ray tube (CRT) display of a bright (75
cd/m?) horizontal grating high in contrast
and low in spatial frequency (0.5 cycle
per degree), whose bars drifted continu-
ously downward at 1 Hz. The second
display was a projected high-contrast
pattern of random elements that rotated
and moved up and down at about 5° per
second. The temperature, expired CO,,
EKG, and EEG of all the kittens were
monitored. Visual stimulation was begun
when there were no signs of barbiturate
anesthesia (spindles) in the EEG.

After presentation of the visual stimu-
li, we prepared the animals according to
standard procedures (/) for the study of
single neurons. A small section of skull
over the hemisphere contralateral to the
occluded eye was removed and the dura
mater excised. The kittens that had
breathed through the reservoir-and-
valve apparatus were paralyzed and arti-
ficially ventilated. A tungsten-in-glass
microelectrode was inserted into the
brain to measure action potentials from
individual cells. These potentials were
amplified, displayed, and fed into audio
monitors. The receptive fields of sam-
pled cells were located within an esti-
mated 10° of the area centralis. Sub-
jective estimates were made of absolute
and relative response strengths for each
eye. Using the estimate for the latter, we
assigned ocular dominance ratings (Fig.
1) to indicate whether a cell was monoc-
ularly or binocularly activated. It is im-
portant to note that for all kittens stud-
ied, we decided jointly the ocular domi-
nance category of each cell.

In normal 4-week-old Kkittens, as in
adults, most cells are binocularly activat-
ed (/) (Fig. 1b). However, with only 8
hours of monocular occlusion while kit-
tens are kept alert (3), there is a sub-
stantial reduction in the number of bin-
ocularly activated cells and a shift to the
unblocked eye (see Fig. 1a). In this case,
only 36 percent of the cortical cells test-
ed were binocularly activated; 70 per-
cent were activated by the nonoccluded
eye. Results for the experiment in which
anesthetized kittens viewed a grating
monocularly for 12 hours indicate that
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