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are inconclusive. Fortunately, there is a 
simple approach that avoids these prob
lems. 

This approach involves culturing 3T3 
cells with a sufficiently large volume of 
medium (20 ml cm-2 of cells) to maintain 
effectively a steady-state concentration of 
serum. Culturing 3T3 cells on a small 
coverslip in a large volume of medium2 

results in much higher cell densities and 
demonstrates the importance of the total 
supply of serum factors. For example, with 
a large volume of medium containing 1% 
serum, 3T3 cells grow to a 'saturation 
density' expected in 10% serum, that is, to 
approximately 10 times the cell density 
attained in normal culture conditions with 
a small volume of medium2

• Therefore, if 
the supply of medium is adequate, a 1% 
serum concentration will support the 
growth of high density 3T3 cells. A 
conclusion from the 1971 experiments, 
still not generally appreciated, is that the 
saturation density of 3T3 cells observed in 
normal culture conditions in 10% serum is 
not the cell density that is in equilibrium 
with 10% serum; the cell density in equil
ibrium with 10% serum is much higher2

. 

Instead, the saturation density observed 
with 10% serum is the cell density that is 
in equilibrium with the depleted level of 
serum growth factors present in condi
tioned medium. This is the cell density 
that is re-established in a 'wound'. The 
earlier experiments make clear that, with 
3T3 cells, equilibrium conditions require a 
large volume of medium relative to the 
cell area. 

As high viscosity can lower the effective 
local concentrations of diffusible factors in 
the medium but not their total supply, a 
meaningful test of the effect of high 
viscosity on cell density must be carried 
out in conditions that provide a large 
excess of medium. We have carried out 
such an experiment and the results are 
summarised in Table I. The cell density is 
clearly affected by the viscosity of the 
medium. In the absence of methyl
cellulose, a high cell density is attained. As 
the viscosity is increased, the cell density 
decreases. These results demonstrate that 
the saturation density of 3T3 cells is in fact 
determined by a diffusion-limited process 
when the culture conditions are appro
priate to test the importance of diffusion. 
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WHITTENBERGER AND GLASER 
REPLY-Holley and Baldwin disagree 
with our conclusion 1 that the growth of 
3T3 cells in 10% serum is not limited by 
the rate of diffusion of mitogens to 
the cell surface. They have carried out 
experiments similar to ours in 1% serum 
in a large volume of medium and they 
observe an effect of Methocel on the cell 
directly after 5 d of growth . Thus in their 
conditions they conclude that growth is 
limited by diffusion and then extrapolate 
from this to our previous experiments. 

While the lack of an effect of a viscous 
polymer on growth indicates that viscosity 
has no effect on growth in the specified 
conditions, the observation of such an 
effect is not unequivocal, as it is possible to 
consider that at low serum concentrations 
the polymer (in this case Methocel) actu
ally binds mitogenic factors. Also we do 
not know whether the results of Holley 
and Baldwin represent a change in the rate 
of growth or in the limiting cell density. In 
addition, we need to consider the possi
bility that as the concentration of serum 
components is decreased a new situation 
arises in which the rate or extent of growth 
does become diffusion limited. 

In 1971 Holley and Kiernan 2 reported 
that incubation of confluent 3T3 cells with 
growth medium containing 10% serum 
depleted the medium of mitogenic factors, 
although the data were not presented. 
We believe that Table 1 represents a 
confirmation of their original data. This 
experiment shows that incubation of 
medium with confluent cells for 24 or 72 h 
reduced their mitogenic effect on 'sparse' 
growth-arrested cells by about 40%, 
which, because of the shape of the satura
tion curve, is equivalent to that of 1.5% 
serum. Thus serum must contain a rapidly 
utilised mitogen(s) and more stable 
mitogens. However, these experiments 
suggest that daily addition of fresh 
medium to confluent 3T3 cells should 
result in continued growth (at 60% of 
maximum) unless at high density other 
factors become limiting. This is essentially 
the conclusion of the Dulbecco wounding 
experiments3

• The two factors that have 
been proposed are an effect of cell contact 
or a limitation by diffusion. Our experi
ments seem to rule out diffusion and 
therefore support the notion that cell to 
cell contact is important in this phe
nomenon. This is not meant to imply that 
in different conditions the rate of growth 
may not be influenced by the rate of 
mitogen diffusion to cells. Previous 
experiments by Thrash and Cunningham 
also seem to rule out mitogen depletion as 
the primary reason that cells cease to grow 
at high den sit/. 

The implication by Holley and Baldwin 
that when diffusion is limited the cells are 
exposed to mitogen for longer periods of 
time is correct, but as the steady state 
concentration of mitogen that they see is 
lower, it seems unlikely that this will result 
in an increased cell density. While there is 
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Table 1 Ability of confluent 3T3 cells to deplete 
medium of mitogenic factors 

DNA Synthesis 
Rate per 4 h %Labelled 

(relative nuclei 
Medium amount) (0-24 h) 

0.2% 1 0.7 
2% 19 ti9 
5% 24 71 

10% 24 72 

Depleted 
media 

24 h 14 48 
72h 16 44 

Swiss 3T3 cells were plated in 2 cm2 Linbro multi· 
well trays at 1.5 x 103 cells ml- 1, 1.0 ml per well. in 
Dulbecco modified Eagle's medium (DMEM) 
containing 10% calf serum. Cells to be pulsed always 
received L-

35S-methionine to l~J.Ci ml- 1 to label 
cellular protein. After 72 h plating the medium was 
changed to DMEM containing 0.2% serum in 0.6 ml 
per well in order to render the cells quiescent. One day 
later the medium was changed to DMEM containing 
0.2% dialysed calf serum. Three days later the 
medium was changed again to DMEM containing 
either 0.2%, 2.0%, 5.0%, or 10% dialysed calf serum 
(0.6 ml per well). For chronic labelling 3H-thymidine 
was also added to 1 11Ci ml- 1

• 6.7 Ci mmol- 1. Some 
dishes received medium from confluent cultures (in 
35-mm dishes, 2.0 ml per 8 cm2

) of 3T3 cells. This 
medium had been added to the cells either 24 or 72 h 
previously as DMEM p<:r 10% dialysed calf serum. At 
the time of removal of the medium from the 
monolayers the cells had DNA synthesis rates of 0.6% 
(72-h3 medium) or 12.8% (24-h medium) as deter
mined by a 2-h pulse with 3H-thymidine and 
compared with the rate of sparse cultures. Twenty 
hours after the last medium change some wells 
were pulsed with 3 H-thymidine (3~~oCi ml- 1

, 6.7 
Ci mmol- 1

) for 4 h and processed as described. 

some Joss of cells at high density this 
cannot be greater than the total rate of cell 
division of confluent cells which is 
generally less than 5% that of sparse cells. 

Thus while we believe that Methocel 
affects the growth of sparse cells in 1% 
serum in the conditions described by 
Holley and Baldwin, we do not believe 
that this observation affects our original 
conclusion. If growth were limited by 
diffusion of mitogens in our conditions, we 
would have observed an effect both on the 
rate of growth and on the final cell density, 
which we did not observe. 
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