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The loss of contact inhibition and 
subsequent uncontrolled growth demon- 
strated by tumor-virus-transformed cells 
has been correlated with the neoplastic 
process (1). Defendi and Gasic (2) 
have reported that polyoma-virus-trans- 
formed cells histochemically exhibit an 
abnormally heavy layer of acid muco- 
polysaccharide at the cell surface, and 

they suggested that this increase of 
material could be correlated with the 
loss of contact inhibition demonstrated 
by those transformed cells. Stoker (3) 
has reported that incorporation of thy- 
midine into polyoma-virus-transformed 
cells is inhibited when they are in 
contact with stationary, nondividing 
BHK21 cells, and he has suggested that 
this effect results from the passage of 
molecules between the contiguous cells. 
Addition of conditioned medium ob- 
tained from high concentrations of 
chick embryo cells to small numbers of 
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these cells enhances their growth (4). 
Furthermore, conditioned medium ob- 
tained from either very crowded cul- 
tures of these cells or from chick cells 
transformed with Rous sarcoma virus 
contains a substance which inhibits 
growth (4, 5). These active factors are 
suggested to be derived from the cell 
surface as an exudate, and to reflect 
conditions at the cell periphery. 

I now describe the isolation, some 
chemical characteristics, and the growth- 
enhancing effect of extracts derived 
from the surfaces of polyoma-virus- 
transformed cell by treatment with eth- 
ylenediaminetetraacetate (EDTA). 

Cultures of hamster kidney cells 
(BHK21) demonstrating contact inhi- 
bition were used as controls. Two poly- 
oma-virus-transformed derivatives of 
this line, TC-1 and H-6, demonstrating 
loss of contact inhibition and continu- 
ous mitosis, were also used as sources 
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Table 1. Effect of EDTA extracts obtained from dispersed, viable cells, on rates of cell 
growth. To each Leighton tube containing 350,000 cells in 1.5 ml of MEM was added 0.1 
ml of the fraction to be tested. All tests were performed in duplicate, and the average 
elapsed time necessary for a confluent monolayer to be attained was determined microscopically. 
Cell numbers were determined in a hemocytometer at 24 hours and at the time confluency 
was attained. 

Cell counts (X 105) Hour confluency 
Source of added BHK21 H1-6 TC-1 reached 

materal. 
24 Con- 24 Con- 24 Con- BHK- 

hours fluency hours fluency hours fluency 21 

None added 6.25 10.1 7.00 16.8 7.30 16.2 75 48 52 
Control EDTA HMW 7.35 12.3 8.20 17.5 7.10 15.1 75 55 55 
Control EDTA LMW 6.90 12.5 8.50 17.3 8.10 17.1 70 50 60 
B[IK21 HMW 4.90 10.3 5.70 15.5 7.10 14.7 95 60 75 
TC-1 HMW 8.95 13.5 9.70 17.2 8.80 16.2 62 40 45 
BHK21 LMW 5.10 11.2 6.20 16.9 5.50 15.1 85 65 60 
TC4 LMW 5.90 10.7 6.50 14.9 6.50 16.2 82 55 65 
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of cell surface material (6). Ethylene- 
diaminetetraacetate was used to dis- 
perse confluent cell cultures and to ob- 
tain the extracellular material because 
it removes from the coating of the 
BHK21 cells and its transformed de- 
rivatives that material which is detected 
with Hale's stain, and does so as com- 

pletely as the various enzymatic treat- 
ments reported by Defendi and Gasic 
(2). Viability of these cells, as deter- 
mined by the trypan-blue dye-exclusion 
method usually exceeded 95 percent; any 
preparations revealing less than 95 per- 
cent viability were discarded. These 

preparations were centrifuged, and the 
clarified supernatants were divided into 

high-molecular-weight (HMW) and 

low-molecular-weight (LMW) moieties 

by ultrafiltration (7). The HMW and 
LMW fractions from transformed and 
nontransformed cells were tested for 

biological activity by addition of con- 
stant volumes of each isolate to either 
the transformed or the nontransformed 
cell cultures. Stock EDTA solutions, 
subjected to the ultrafiltration and con- 
centration procedures, were used as 
controls. 

Addition of LMW fractions derived 
from either transformed or nontrans- 
formed cells, as well as the HMW 
fraction obtained from BHK21 cells, 
markedly inhibited cell proliferation. 
However, addition of HMW fractions 
obtained from the polyoma-transformed 
cell line TC-1 enhanced cell growth 
(Fig. 1 and Table 1). The extent of 
inhibition or enhancement was depend- 
ent upon the number of cells, as well 
as upon the volume of material added 
to this test system. The effects were 
greatest when larger volumes of test 
materials (0.3 ml) were added to lesser 
numbers of cells (< 150,000). 

Inhibition of growth was transitory, 
and eventually all cell cultures attained 
confluency. The morphology and con- 
tact orientation of BHK21 cells stimu- 
lated by addition of transformed cell 
HMW material were normal when such 
cells reached confluency. It is unclear 
whether any loss of contact inhibition 
occurred during the stages of rapid 
proliferation. No cytomorphological ef- 
fects were noted when test samples were 
added to confluent monolayered cul- 
tures. Addition of control solutions 
neither enhanced nor inhibited cell pro- 
liferation, even when volumes as large 
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proliferation. No cytomorphological ef- 
fects were noted when test samples were 
added to confluent monolayered cul- 
tures. Addition of control solutions 
neither enhanced nor inhibited cell pro- 
liferation, even when volumes as large 
as 0.4 ml were added to the test system. 
The dry weights of the test samples were 
not significantly different; each sample 
contained 30 to 40 /g of material per 
0.1 ml. 
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Cell Proliferation: Enhancement by Extracts from Cell Surfaces 

of Polyoma-Virus-Transformed Cells 

Abstract. Dispersion of confluent monolayers of BHK21 cells with ethylene- 
diaminetetraacetate yields a material that inhibits cell proliferation, whereas identi- 
cal extraction of polyoma-virus-transformed cells provides material which enhances 
cellular proliferation. The material was partially characterized. 
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Colorimetric assays on HMW frac- 
tions from both TC-1 and BHK21 cells 
revealed the presence of amino sugars 
(Elson-Morgan procedure), hexose (or- 
cinol test), and protein (microbiuret 
reaction); no sialic acid was detected 
by Warren's thiobarbituric acid as- 
say. Sedimentation-velocity analysis of 
HMW materials derived from each cell 

type revealed similar single broad peaks 
in the analytical ultracentrifuge. This 
heterogeneity is confirmed by gel-filtra- 
tion on Sephadex G-100 columns. Five 
subfractions (detected by assays for 

protein and hexose) were detected, 
with 0.1M NaCl used as the eluant. 
Subfractions from the two cell types 
were not qualitatively different. 

The ultraviolet absorption spectra of 
the unfractionated HMW materials re- 
vealed the presence of a 260 nm peak. 
The optical density at 260 nm was 
reduced after HMW materials were 
incubated with ribonuclease and then 
dialyzed. It was not reduced when the 
HMW material was incubated with 
deoxyribonuclease. RNA, as a struc- 
tural component of the cell surface, has 

Fig. 1. Effects on cell proliferation resulting from the addition of HMW materials 
derived from transformed and nontransformed cells dispersed with EDTA. Test 
materials (0.3 ml) were added to innoculums of 600,000 cells in 1.5 ml of MEM. 
All cells were in test for 24 hours. (A) TC-1 cell HMW material added to BHK21 
cells (- X 320); (B) EDTA HMW control material added to BHK21 cells (- 
x 480); (C) BHK21 cell HMW material added to TC-1 cells (- X 480); (D) EDTA 
HMW control material added to TC-1 cells (- X 480). 
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been reported (8). Whether the RNA 
detected in the material extracted with 
EDTA resides in the extracellular ma- 
trix is unknown. It is not yet clear if 
the materials effecting cellular prolifera- 
tion are related to any of those reported 
by other investigators (5, 9). 

JOHN W. BEIERLE 

Allan Hancock Foundation, 
University of Southern California, 
Los Angeles 90007 
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