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ABSTRACT

A quiescent [denoted as Q(G0/Gi)] subpopulation was isolated
from EMT6/Ro-fed plateau monolayers by centrifugal elutriation.

The median Coulter volume of these cells was significantly
smaller than that of the original population from which they were
elutriated. Using two-step acridine orange staining and dual

parameter flow cytometric analysis, over 95% of quiescent cells
were found to have G, DNA content, and 80% of the cells had
a decreased RNA content as compared to rapidly proliferating
exponential G, cells. After labeling for 24 hr (two doubling times)
with [3H]thymidine, less than 2% of the quiescent cells incorpo
rated [3H]thymidine as measured by autoradiography. The col

ony-forming efficiency of these cells was not significantly different

from that of exponential cells. When such Q(G0/Gi) cells were
replated in fresh medium at a lower density, there was a lag time
of 30 hr before any increase in cell number was detected, after
which the cell-doubling rate matched that of exponential culture.
Results obtained from the radiation dose-response curves

showed that quiescent (G0/G,) cells were more radiosensitive
than exponential GÃ¬or unseparated fed plateau cells.

INTRODUCTION

Tumor heterogeneity is a very well-established phenomenon

(7,15,21). The heterogeneity includes both intrinsic cellular and
extrinsic microenvironmental factors within a tumor. Heteroge
neity may be changing at different rates, related to physiological
changes within the host and to the tumor growth stage. With
respect to the tumor growth kinetics, there are generally 3
populations of cells found in a solid tumor: a rapidly proliferating
or cycling population, a noncycling population, or quiescent and
an irreversibly nonproliferating population heading toward death
and lysis (2, 14). Because Q-cells3 retain the capacity to prolif

erate (11, 12, 14, 16, 25), it is important to determine the
differential sensitivity of P- versus Q-cells to therapeutic modali
ties. Generally, P-cells are much more sensitive to chemotherapy
and hyperthermia treatment than are Q-cells (20, 24). It is con
ceivable that Q-cells which are quiescent because of hypoxia are
more radioresistant (22). However, since Q-cells are also heter

ogeneous due to their microenvironments (6, 9), it may be
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expected that their response to radiation would be different,
depending on how they become quiescent in the first place. In
this study, we used EMT6/Ro-fed plateau monolayer as a tumor
model from which a Q-cell population was isolated and charac

terized.

MATERIALS AND METHODS

Monolayer Culture. EMTB/Ro mouse mammary tumor cells were
maintained as monolayers in Eagle's basal medium (Grand Island Biolog

ical Co., Grand Island, NY) supplemented with 7.5% fetal bovine serum
and 7.5% donor calf serum (Flow Laboratories, Inc., Maclean, VA), 4.7
x 10 2 mg L-glutamine/ml (Grand Island Biological Co.), 960 mg strep

tomycin/ml, 96 units penicillin/ml, and 0.048 mg gentamicin/ml. This will
be referred to as "complete medium." Cells were incubated in 3% CO:
at 37Â°and 100% humidity. Cells were subcultured twice weekly after

dissociation with 0.01% lyophilized trypsin (Worthington Biochemical
Corp., Freehold, NJ) in sodium citrate buffer at pH 7.2. Cultures were
routinely tested for Mycoplasme contamination using the technique of
Chen (4). For these studies, exponential cells were defined as 1.5 x 10s

cells inoculated into 100-mm Retri dishes with 15 ml of complete medium

and allowed to grow for 40 to 50 hr. When larger cell numbers were
needed, 150-sq cm flasks were used, with both the cell number and

medium being increased proportionally. Fed plateau cells were defined
as the same number inoculated per dish but allowed to grow for 165 to
175 hr prior to harvesting. The growth medium of these cultures was
replaced every 24 hr with 15 ml fresh medium, starting at the 72nd hr
after inoculation.

Centrifugal Elutriation. The method used was a modification of the
long collection method developed by Keng et al. (13). Single-cell suspen
sions from monolayers were elutriated in ice-cold Eagle's basal medium

with 5% fetal bovine serum and 5% donor calf serum. The elutriator
system was sterilized, using 70% ethanol, and was kept at 4Â°during

elutriation. After loading the cells, the rotor speed was decreased in a
stepwise fashion with two 40-ml cell fractions collected at each step.

Cell counts and volume distributions of each fraction were assessed
using a Coulter Counter equipped with a channelizer (Models ZBI and
C1000, respectively, Coulter Electronics, Hialeah, FL). The median cell
volume of each fraction was estimated from the median channel number
of the cell volume distribution, with calibration constant derived from
latex microspheres of known sizes.

Cell Viability and Clonogenicity. Cell viability was assessed as the
ability to exclude trypan blue dye in complete medium. Cells were
assayed for their clonogenic capacity (17) by inoculating varying numbers
of cells in 60-mm dishes, incubating for 11 days, staining the plates with

mÃ©thylÃ¨neblue, and scoring colonies consisting of more than 50 cells.
Three plates each of 3 dilutions were set for each experimental point
determined.

FCM. Cells were assayed for their DNA and RNA content, using a
modification of the 2-step AO staining technique of Darzynkiewicz et al.

(5) and TrÃ¡ganos ef al. (23), as described previously (3). Briefly, 0.3 ml
of a single-cell suspension of about 1.3 x 106 cells/ml from monolayers

was resuspended in complete medium and added to 0.45 ml of 0.1%
Triton X-100 in 0.08 N MCI plus 0.15 M NaCI (pH 2.2) for 1 min in ice; 1.8

ml of chromatographically purified AO (12 Â¿ig/ml;Polysciences, Inc.,
Warrington, PA) were then added in 0.2 M Na2HPO4:0.1 M citric acid (pH
6.0) and 1 mw sodium EDTA. The fluorescence of AO-stained cells was
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monitored on a Coulter EPICS V cell sorter system (Coulter Electronics)
equipped with a 5.0-watt argon ion laser (Coherent, Palo Alto, CA)
operating at 488 nm and 300 milliwatts. A 515-nrn interference barrier
filter was inserted in front of the right-angle fluorescence collection lens.
A 560-nm dichroic mirror was used to split the fluorescence signal. Green
fluorescence (530 to 560 nm) was observed through a 530-nm long-
pass filter, while red fluorescence was detected through a 640 nm long-
pass filter. The cells were stirred and maintained at 4Â°throughout FCM

analysis. A minimum of 25,000 cells was collected for each analysis.
DNA histograms were analyzed using the mathematical model of Fried
and Mandel (10) implemented as the "CCYCLE" program on a Terak

8600 system (Scottsdale, AZ).
Autoradiography. To determine the percentage of proliferating cells

in each elutriated fraction, [3H]thymidine (specific activity, 25 Ci/mmol;

Amersham/Searle Corp., Arlington Heights, IL) was added to monolayer
cultures at a final activity of about 1 pCi/ml at 37Â° for 24 hr before

trypsinizing and separating by centrifugal elutriation. Cell suspensions
were then centrifugea by Model SCA-0031 cytospin (Shandon Southern

Instruments, Inc., Sewickley, PA) onto dean glass slides and fixed with
70% ethanol. Slides were dipped in NTB3 nuclear track emulsion (East
man Kodak Co., Rochester, NY) and stored at 4Â°for various lengths of

time, developed, and stained with Giemsa-Wright stain. Slides were

developed between 7 and 14 days, and at least 500 cells were counted
per slide. A plateau in the yield of labeled cells was attained within this
time span. The background grain counts were 5 grains/nucleus. Labeled
cells had >50 grains/nucleus.

Irradiation. After elutriation, fractions were pooled (G, fractions from
exponential monolayers; Q(G0/G,) fractions from fed plateau cultures)
and plated in 25-sq cm flasks with cell suspension and complete medium

totaling 5 ml/flask. One flask is used for one dose point, and increasing
cell numbers were seeded for increasing dose so that after irradiation,
appropriate dilutions would give the nescessary cell numbers to be plated
for survival assays. The number of cells plated for irradiation never
exceeded 1x106/flask, so any intercellular contact effect could essen

tially be avoided. Cells were kept on ice after elutriation and before
irradiation for not more than 20 min. The cells were irradiated using 137Cs

-x-ray at a dose rate of 5.62 Gy/min. After irradiation, cells were kept on

ice and plated for surviving fraction immediately. The radiation response
of the original unseparated population was assayed in parallel in each
experiment.

RESULTS

Chart 1 shows a representative Coulter volume profile of
unseparated or elutriated fractions of exponential and fed plateau
monolayers. In both the exponential and the fed plateau experi
ments, a maximum of 4 elutriated fractions were pooled together
to provide sufficient cells for subsequent studies. The resulting
pooled fraction had a median volume within 1 to 2% of the
individual elutriated fractions. Comparison of the cell volume
distributions of the unseparated with the pooled separated frac
tions containing G, DNA cells shows that the cell populations
resulting after elutriation are more homogeneous in volume than
is the original population. The median cell volume of the pooled
GÃ¬fractions obtained from exponential cultures is smaller than
that of the pooled Q(G0/Gi) fractions from fed plateau cultures.
Table 1 shows the average median cell volume of the unsepar
ated and separated populations from 4 experiments. In each
case, the median volume of the separated fractions is about
65% of that of the original population, and this is found to be
significantly different from the original population at the 95%
confidence limits (Student's f test).

Continuous [3H]thymidine labeling data in Table 1 suggest that

exponential cultures are rapidly proliferating, while the plateau
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Chart 1. Cellvolumedistributions of EMT6/Ro monolayers,exponentialculture,
and fed plateauculture. , unseparatedcell population; , pooled fractions
after elutriation used for further studies.

cultures are slowly proliferating, or contain a large amount of Q-

cells. The fact that only 1.8% of the Q(Go/Gi) fractions isolated
from plateau cultures were labeled in 24 hr (2 doubling times)
shows that we had succeeded in enriching for the quiescent
population.

Chart 2 shows representative 3-dimensional contour maps (A

and 3) and corresponding histograms for green fluorescence (C
and D; proportional to DNA content), and red fluorescence (E
and F; proportional to RNA content) of separated and unsepar
ated EMT6/RO exponential cell populations when cellular green
and red fluorescence were monitored simultaneously using AO
staining and flow cytometry. The RNA histogram of the unse
parated exponential population shows that there are very few
cells between Channels 15 and 60 (counts below Channel 15
are due to cellular debris and instrument noise). In fact, cells with
such a low range of red fluorescence account for only about 7%
of the entire population, both for the unseparated and the pooled
GÃ¬elutriated fractions from exponential cultures (Chart 2, E and
F). An examination of the RNA histogram of unseparated fed
plateau cultures (Chart 3E), however, reveals that about one-half

of the cells are within this low RNA range (note the difference in
scale on the ordinate). After elutriation, about 80% of pooled G,
fed plateau cells fall within this low RNA range (Chart 3, E and
F). Thus, taken together, the flow cytometry and continuous
labeling data demonstrate that elutriation can be used to sepa
rate exponential and fed plateau cultures into subpopulations
which do not differ in cell cycle distributions, as determined by
DNA contents (93 to 97% G, cells; see Charts 2D and 3D and
Table 1), but which are metabolically heterogeneous, as mani
fested by different RNA contents and [3H]thymidine continuous-

labeling indices. By using centrifugal elutriation to isolate such
populations, it is possible to study regrowth kinetics and radiation
response of rapidly proliferating and quiescent subpopulations,
independent of effects caused by differences in cell cycle phase
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Chart 4. Effect of time in culture on the growth of EMTB/Ro monolayers
following repiatmg of 5 x 10' cells in 60-mm dishes. The cells used to inoculate

these dishes were from exponential cultures (x, â€¢),G, exponential cells (D. A), fed
plateau cultures {â€¢,A), and Q(G0/G,) cells elutriated from plateau cultures (il, A).
Points, mean of 2 dishes; different symbols represent different experiments.
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Charts. Radiation survival curves for EMT6/RO monolayers irradiated with
137Csy-rays at different proliferation stages, x, Â«,+, unseparated exponential cells;

â€¢,T, A, *, â€¢fed plateau cells. The survival curve for unseparated exponential
cells represents cumulative data of radiation response of EMT6/Ro in the past
year, while the data points shown are data collected in parallel with elutnation
experiments. Different symbols represent different experiments.

increase is detected. But since EMT6/Ro monolayers have a
doubling time of 12 to 13 hr, cell synchronization cannot ade
quately explain a lag time of 20 or more hr. In addition, these
data suggest that fed plateau cultures, and even more so, Q(G0/
G,) cells from fed plateau cultures, are made up of predominantly
noncycling cells, which can be stimulated to divide under appro
priate environments.

When the radiation survival curves of these populations were
compared, we found that the Q(G0/G,)cells are more radiosen
sitive (D0= 1.1 Gy, Dq= 3.6 Gy) than the fed plateau cells from
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Charts. Radiation survival curves for EMT6/RO monolayers irradiated with
1wCs -y-rays at different proliferation stages: exponential G, cells p, V, A); Q(Go/

G,) (O, O, Å’, V, A). Different symoo/s represent different experiments. and
, radiation curves for unseparated exponential and unseparated fed plateau

cultures respectively, as shown in Chart 5.

which they are isolated (D0= 1.1 Gy, D, = 4.5 Gy), which in turn
are more sensitive than exponential G, cells (D.,= 1.2 Gy, Oq=
6.2 Gy)(see Chart 5, Chart 6, and Table 1).As mentionedearlier,
since the exponential G, cells and the Q(G0/G,)cells have the
same cell cycle distribution, but differ in their proliferative status,
as evidenced by changes in their RNA content, continuous [3H]

thymidine labeling and regrowth kinetics, the observed different
radiosensitivity between the 2 populations could be associated
with any or all these changes, or changes in a variety of other
parameters which we have not measured. Unseparated fed
plateau cultures, which contain fewer proliferating cells than the
exponential G, population, but more proliferating cells than the
Q(Go/Gi)population, are more radiosensitive than the former but
more radioresistant than the latter. In addition, the radiation
survival curves for the unseparated exponential cultures and the
elutriated G, populations overlap each other.

DISCUSSION

Using [3H]thymidine labeling, flow cytometry, and regrowth

studies, we demonstrated that the smaller cells isolated by
centrifugal elutnation from EMT6/Ro-fed plateau monolayers are
quiescent cells. These cells have predominantly GÃ¬DNAcontent,
are clonogenic, can resume proliferation under appropriate en
vironments, have lower RNA content, and are more radiosensi
tive than their rapidly proliferating counterparts isolated from
exponential cultures in the same manner. The fact that the Q-
cells thus isolated have plating efficiency similar to that of the P-
cells demonstrates that what we worked with after elutriation
are real, intact cells, and not just cell nuclei or cytoplasmic
fragments which, as such, would show G, DNA content and low
RNA content in a FCM assay. Exponential EMT6 cells were
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Chart 7. Cell age response of exponential EMT6/RO cells irradiated with 6.0 Gy
137Cs-x-rays. Synchronized GÃ¬,S, and Gz + M cells are isolated by centrifugal

etutriation.

shown to have higher RNA levels than plateau-phase cells (27).

We have confirmed this in EMT6/RO monolayers in our labora
tory,4 using RNA extraction and spectrophotometric methods

mentioned previously (1). Furthermore, it has been shown that
the mean red fluorescence of AO-stained CHO and HeLa-S3

cells are linearly related to the cellular RNA content (1). Thus,
we are confident that the red fluorescence (relating to RNA
contents) observed by FCM in these experiments are real and
not artifactual. In addition, from the bimodal RNA distributions of
the fed plateau and the elutriated Q(G0/G,) populations observed
in almost all our experiments, we suspect the existence of 2 or
more subpopulations of Q-cells.

It is a well-known fact that cells can undergo changes in their

biophysical and biochemical characteristics as they traverse the
cell cycle (19,28). We also know that some cells exhibit different
responses to radiation and drugs in different phases of the cell
cycle (8, 18). It is therefore possible that studies using rapidly
dividing exponential cultures as proliferating models and plateau
cultures as quiescent models were examining a multitude of
physiological effects caused by different cell cycle phase distri
butions, in addition to those caused by the degree of quiescence
of the population. For example, EMT6/Ro monolayers are most
radioresistant in the mid-G, and mid-S phase of the cell cycle.

Even within d phase, radiosensitivity varies (Chart 7). So to
eliminate cell cycle effects when comparing radiosensitivity be
tween the 2 populations, we took great care, judging by the cell
size, to make sure that the elutriated d population from expo
nential cultures was in the early stage of GÃ¬.Even at this most
radiosensitive stage of G,, we found it to be still more resistant
than the elutriated Q(G0/Gi) population from fed plateau cultures
(Chart 6). However, since there is another peak of radioresist-
ance in mid-S phase, the 4 to 6% S phase contamination in both
the elutriated G, and the Q(G0/G,) populations might arouse
questions regarding the real radiation response of these 2 pop
ulations if they did not contain these small fractions of S phase
cells. Our data in Chart 6 and Table 1 argue that such contami
nation should cause little concern, if any. Theoretically, we would
expect a population with more S phase cells (e.g., exponential
culture) to be more radioresistant than one with less S phase
cells (e.g., fed plateau culture). This happens to be the case.
However, if we had not done additional radiation survival curves

4 K. D. Bauer and R. M. Sutherland, unpublished results.

for the elutriated exponential GÃ¬and Q(G0/G,) populations (which
have about the same percentage of S phase contamination), we
would have predicted similar radiosensitivity of the 2 populations.
This is not observed experimentally (Chart 6). In fact, the expo
nential G, population, although having about the same percent
age of S phase cells as the Q(G0/Gi) population, and less than
one-half that of fed plateau cultures, is more radioresistant than

either one of them. So we think that cell cycle effects or S phase
contamination are not contributing to the observed radiation
response of our separated populations to any significant extent.

It is a general concept that most of the cells in fed plateau
phase are in GÃ¬phase of the cell cycle, and hence the majority
of them may be located at a common sector of G, as far as their
radiation response is concerned (11). Now with the ability to
isolate directly GÃ¬or Q(G0/Gi) cells from cultures, it is possible
to study their radiation response in terms of their proiiferative
activity. The present paper presents evidence that it is the degree
of proliferation or quiescence, and not solely the different cell
cycle phase distributions of the 2 populations that contribute to
the observed differences in radiosensitivity.

In our present system, we found that P- and Q-cells have the

same clonogenicity. This is in contrast to what was reported
recently (3,19, 25, 26). Bauer e?al. (3) used EMT6/Ro multicel-

lular spheroids; Wallen ef al. (25,26) used 66,67, and 68H unfed
monolayers; and Sigdestad and Grdina (19) used hypoxlc frac
tions from FSa tumors. In these models, one or more factors,
such as nutrient deprivation, density inhibition, catabolite buildup,
intracellular pH, or hypoxia could be involved in the induction of
Q-cells. Q-cells induced by different microenvironments could

exhibit significant heterogeneity, and therefore may contribute to
the overall heterogeneity of the tumor. Even though the Q-cells
in our system are more radioresistant than are the P-cells, it
does not follow that Q-cells will not pose problems or complica
tions in terms of radiotherapy. Q-cells induced by different local

milieu might very well have different radiosensitivity. The obser
vation that Q-cells can resume cycling either after proper stimu

lation or the removal of negative signals which caused them to
be quiescent in the first place, warrants further studies regarding
the heterogeneity of Q-cells in tumor models.

ACKNOWLEDGMENTS

We would like to thank Dr. Timothy Mulcahy and Dr. Juliet Brosing for their
advice on the radiation survival curve analysis, and Robert E. Wilson for providing
the DNA histogram analysis program, CCYCLE.

REFERENCES

1. Bauer, K. D., and Dethlefsen, L. A. Total cellular RNA content: correlation
between flow cytometry and ultraviolet spectroscopy. J. Histochem. Cyto-
chem., 28:493-498,1980.

2. Bauer, K. D., and Dethlefsen, L. A. Control of cellular proliferation of HeLa-S3
suspension cultures. Characterization of cultures utilizing acridine orange
staining procedures. J. Cell. Physiol.. 108:99-112,1981.

3. Bauer, K. D., Keng, P. C., and Sutherland, R. M. Isolation of quiescent cells
from multicellular spheroids using centrifugal elutriation. Cancer Res., 42: 72-

78, 1982.
4. Chen, T. R. In situ detection of Mycoplasme contamination of cell cultures by

fluorescent Hoechst 33258 stain. Exp. Cell Res., 704: 255-262,1977.
5. Darzynkiewicz, Z., TrÃ¡ganos, R., and Melamed, M. R. New cell cycle com

partments identified by multiparameter flow cytometry. Cytometry, 1:98-108,
1981.

6. Dethlefsen, L. A. In quest of the quaint quiescent cells. In: R. E. Meyn and H.
R. Withers (eds.), Radiation Biology in Cancer Research, pp. 415-435. New
York: Raven Press, 1979.

CANCER RESEARCH VOL. 45 MARCH 1985

1024

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420728/cr0450031020.pdf by guest on 19 M

ay 2023



ISOLATION AND RADIOSENSITIVITY OF Q-CELLS

7. Dexter, D. L., Kowalski, H. M., and Blazer, B. A., Fligiel, Z., Vogel, R., and
Heppner, G. H. Heterogeneity of tumor cells from a single mouse mammary
tumor. Cancer Res., 38: 3174-3181,1978.

8. Durand, R. E., and Sutherland, R. M. Dependenceof the radiation response
of an in vitro tumor model on cell cycle effects. Cancer Res., 33: 213-219,
1973.

9. Epifanova, O. I. Mechanisms underlying the differential sensitivity of prolifer
ating and resting cells to external factors. Int. Rev. Cytol. 5 (Suppl.):303-335.
1977.

10. Fried, J., and Mandel, M. Multi-user system for analysis of data from flow
cytometry. Comput. Programs Bkxned., 10:218-230,1979.

11. Hahn,G. M., and Little, J. B. Plateau-phasecultures of mammaliancells: an in
vitro mode)for human cancer. Curr. Top. RadiÃ¢t.Res. Q., 8: 39-83,1972.

12. Kallman.R. F., Combs, C. A., Franks, A. J., et al. Evidencefor the recruitment
of noncyclmgclonogenic tumor cells. In: R. E. Meyn and H. R. Withers (eds.),
RadiationBiology in Cancer Research,pp. 397-414. New York: RavenPress,
1979.

13. Keng, P. C., Li, C. K., and Wheeler, K. T. Synchronizationof 9L rat brain tumor
cells by centrifugal elutriation. Cell Biophys.,2:191-206,1980.

14. Mauro, F., Palpo.B., Briganti, G., EIN,R., and Zupi, G. Effecs of antlneoplastic
drugs on plateau-phase cultures of mammalian cells. I. Description of the
plateau-phasesystem. J. Nati. Cancer Inst., 52:705-713,1974.

15. Owens, A., Cotfey, D. S.. and Baylin, S. B. (eds.). Tumor Cell Heterogeneity.
Origins and Implications. New York: Academic Press, Inc., 1982.

16. Potmesil,M., and Goldfeder, A. Cell kinetics of irradiatedexperimentaltumors:
cell transition from the nonproliferating to the proliferating pool. Cell Tissue
Â«Â¡net,75: 563-570, 1980.

17. Puck, T. T., and Marcus, P. I. A rapid method for viablecell filtration and done
production with HeLa cells in tissue culture: the use of X-irradiated cells to

supply conditioning factors. Proc. NaÂ«.Acad. Sci. USA,41:432-437,1955.
18. Sigdestad, C. P., and Grdina, D. J. In vivo cell cycle phase-preferentialkilling

of murine fibrosarcoma cells by cisplatin. Cancer Treat. Rep. 65: 845-851,
1981.

19. Sigdestad, C. P., and Grdina, D. J. Density centrifugaron of murine fibrosar
coma cells following in situ labellingwith tntiated thymidine.CellTissue Kinet,
74:589-600,1981.

20. Sutherland, R. M. Selective chemotherapy of nonclycing cells in an in vitro
tumor model. Cancer Res., 34:3501-3503,1974.

21. Sutherland, R. M., Rasey, J. S., and Hill, R. P. Tumor biology. Cancer Treat.
Symp., 7:49-65,1984.

22. Tannock, I. Oxygen distribution in tumors: influence on cell proliferation and
implicationsfor tumor therapy. Adv. Exp. Med. Bid., 75:597-603,1976.

23. TrÃ¡ganos,F., Darzynkiewicz,Z., Sharpless.T., and Melamed, M. R. Simulta
neous stainingof ribonucleicand deoxyribonucleicacids in unfixed cells using
acridine orange in a flow cytofluorometric system. J. Histochem. Cytochem..
25: 46-56,1977.

24. Valeriote,F., andvan Putten, L. Proliferation-dependentcytoxksty of anticancer
agents: a review. Cancer Res., 35:2619-2630,1975.

25. Wallen, C. A., Higashikubo.R., and Dethtefsen,L. A. Murine mammary tumor
cells in vitro. I. The development of a quiescent state. Cell Tissue Kinet., 77:
65-77,1984.

26. Wallen,C. A., Higashikubo,R., and Dethtefsen,L. A. Murine mammarytumor
cells in vitro. II. Recruitment of quiescent cells. Cell Tissue Kinet., 77: 79-89,
1984.

27. Watson, J. V., and Chambers, S. H. Fluorescence discrimination between
diploid cells on their RNA content: a possible distinction between clonogenic
and non-clonogeniccells. Br. J. Cancer,36: 592-600,1977.

28. Watson, J. V., and Chambers, S. H. Nucleic acid profile of the EMT6/ROcell
cycle in vitro. Cell Tissue Kinet., 77:415-422,1978.

CANCER RESEARCH VOL. 45 MARCH 1985

1025

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420728/cr0450031020.pdf by guest on 19 M

ay 2023




