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ABSTRACT 

Mammalian and avian cells cultured on glass or plastic substrates produce 
microexudates of cellular macromolecules which remain bound to the substrate 
when the cells are detached. The gross macromolecular composition of microexu- 
dates from a range of diploid, heteroploid, and virus-transformed cells was 
determined with cells labeled with radioisotopes. Significant differences in the 
amounts of cellular glycoproteins, proteins, and RNA present in microexudates 
were found between different cell types and between cells of the same type at 
different stages of growth. Inoculation of cells onto substrates "coated" with 
microexudates altered their growth behavior. Microexudates from exponentially 
growing subconfluent homotypic and heterotypic cell populations enhanced the 
growth of mouse and chick embryo cells seeded at very low densities, but similar 
microexudates had no effect on the proliferation of cells seeded at higher densities. 
The enhanced growth of low-density cell populations seeded on microexudates was 
compared with the growth enhancement produced by feeder cell layers and 
conditioned medium. 

Mammalian cells cultured in vitro on solid sub- 
strates produce a thin layer of "microexudate" 
that remains attached to the substrate when the 
cells are removed. This material is not detected by 
light microscopy, but can be demonstrated by 
electron microscopy (1, 3, 5, 14, 27, 31, 37, 40, 45), 
ellipsometry (25, 32, 34), mixed hemadsorption 
(26, 42), immunofluorescence techniques (3, 26, 
43), and the incorporation of radioisotopes (8, 34, 
44, 45). The microexudates deposited on substrates 
by mammalian cells are actively synthesized by the 
cell and do not result merely from the passive 
leakage of intracellular macromolecules onto the 

substrate (18, 25). The demonstration of cell- 
specific antigens (3, 26, 42, 43), virus receptors 
(25), and lectin-binding sites (23, 25) in cellular 
microexudates, together with data on the synthesis 
(25) and chemical characterization of such mate- 
rials (8), have prompted the proposal that microex- 
udates represent cell surface macromolecules de- 
rived from the so-called "cell coat" (25). 

In this paper we present information on the 
composition of cellular microexudates deposited 
on glass and plastic substrates by a variety of 
diploid, heteroploid, and transformed cells and on 
alterations in the growth behavior of cells plated at 
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low densi t ies  onto  subs t ra tes  " c o a t e d "  with cellu- 

lar  mic roexuda tes .  

M A T E R I A L S  A N D  M E T H O D S  

Cells 

Chick embryo (CE) cell cultures were prepared by 
trypsinization of  decapitated, eviscerated 10-day old 
chick embryos, as described previously (29). After tryp- 
sinization, 6 • 106 cells were seeded in 10 ml of culture 
medium into 75-cm 2 plastic flasks (Falcon Plastics, 
Division of Bioquest, Oxnard, Calif.) to initiate primary 
cultures, which were subcultured after 4-6 days to 
provide the secondary cultures used in experiments. 
Primary and secondary mouse embryo (ME) cell cultures 
were prepared by the same procedure from 15-16-day old 
CBA mouse embryos from single litters. Both CE and 
ME cell cultures were grown in Eagle's basal medium 
supplemented with 10% calf serum. Feeder layers of CE 
or ME cells for growth enhancement experiments were 
produced by seeding 2 • 105 X-irradiated cells/50-mm 
dish. Feeder cells were irradiated with 5,000R at approxi- 
mately 1,000R/min at a distance of 10 cm. No detectable 
growth of irradiated feeder layer populations occurred in 
the 6-day experimental period. Balb/C mouse 3T3 cells 
and similar 3T3 cells transformed by simian virus 40 
(SV3T3) were cultured in Eagle's basal medium supple- 
mented with 10% calf serum as described previously (24). 
Two variant cell lines (R-SV3T3-10 and R-SV3T3-14) 
showing partial reversion of their transformed properties 
were isolated from the SV3T3 cell population on the 
basis of their increased resistance to agglutination by 
concanavalin A by the methods described by Culp and 
Black (9), and cultured under the same conditions as the 
parent SV3T3 cells. Human diploid lung (WI38) and 
skin (AL) fibroblasts were obtained from Dr. T. Shows 
and cultured in Eagle's basal medium plus 10% calf 
serum. Rat liver cells (RLB) were obtained from Dr. C. 
Borek and cultured in FI2 medium supplemented with 
10% fetal calf serum (4). African green monkey kidney 
cells were grown in Eagle's basal medium supplemented 
with 10% calf serum. Culture media and sera were ob- 
tained from the Grand Island Biological Co., Grand Is- 
land, N. Y. Unless stated otherwise, cells were incu- 
bated at 37~ in a humidified atmosphere of 5% COs 
in air in 50-ram plastic Petri dish cultures (20 cm 2 sur- 
face area) (Falcon Plastics) or 75 cm 2 plastic flasks 
(Falcon Plastics). 

Conditioned Medium (CM) 

Active CM preparations were obtained from 4-5-day 
secondary CE cultures and mouse L929 cells maintained 
in 2-liter glass roller flasks, as described elsewhere (24)~ 

Cell Counts 

The culture medium was aspirated from cell cultures 
in 50-ram plastic dishes and the cells were washed briefly 

with 5 ml of phosphate-buffered saline (PBS). The PBS 
was then aspirated and replaced by 1.0 ml of a pre- 
warmed solution of 0.2% EDTA in calcium- and mag- 
nesium-free saline (CMF-BSS) or 0.2% EDTA and 0.2% 
trypsin in CMF-BSS. Dishes were incubated at 37~ for 
20 min in the case of EDTA alone, or for 10 min for 
EDTA and trypsin, after which 2.0 ml of PBS was added, 
and the final suspension of detached cells was prepared 
by repeated pipetting. The number of cells in the 
suspension was then counted either by direct counts in a 
microscope hemocytometer chamber or by a Coulter 
electronic particle counter (Coulter Electronics, Inc., 
Fine Particle Group, Hialeah, Fla.) calibrated to provide 
equivalent counts to the mean of six hemaeytometer 
counts of the same cell type. Each experimental value 
shown in the figures in the Results section represents a 
mean from cell counts on at least three separate dishes. 

Radiolabeling and Assay of  

Substrate-Bound Cell Macromolecules 

in Microexudates 

The macromolecular composition of cellular microex- 
udates bound to glass or plastic substrates was assayed 
by labeling cells in situ with appropriate radioisotopes, 
followed by the detachment of cells from the substrate 
and measurement of the amount of radioactively labeled 
material remaining bound to the substrate devoid of cells. 
Cells were grown in normal culture medium in either 
50-mm plastic dishes or 75-cm 2 plastic flasks. To assay 
substrate-bound cellular macromolecules deposited by 
subconfluent cultures, the culture medium was removed 
from cells 24 h after inoculation, when the culture was 
approximately 30% confluent, and replaced with fresh 
medium containing either 2.5 , C i / m l  [3H]glucos- 
amine or I ,uCi/ml [3H]uridine to label "glycoproteins" 
and RNA, respectively. For the labeling of proteins, cell 
cultures at a similar stage of confluency were incubated 
in leucine-deficient medium supplemented with 5.0 
mg/liter leucine and I , C i / m l  [SH]leucine. The subcon- 
fluent cells were incubated in the presence of the various 
radioisotopes for 48-56 h until the cultures were 50- 60% 
confluent. The cells were then detached from the sub- 
strate by 0.2% EDTA in CMF-BSS and the amount of 
radioactivity associated with cellular material bound to 
the substrate was measured as described below. To 
identify substrate-bound macromolecules in microexu- 
dates deposited by confluent cell cultures, medium 
supplemented with radioisotopes at the same concentra- 
tions used for subconfluent cultures was added when 
cultures had just become confluent. After further incuba- 
tion for 48 h the cells were detached from the surface of 
the culture vessel as described above, and the incorpora- 
tion of radioactivity into cellular macromolecules re- 
maining on the substrate was measured by the following 
method. The culture medium was first aspirated from 
cells attached to the substrate, the attached cells were 
washed twice with PBS, and then the cells were detached 
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by incubation with 0.2% EDTA in CMF-BSS for 20 min 
at 37~ A 0. l-m! aliquot of the supernate (detached ceils 
in EDTA solution) was removed and precipitated by 10% 
trichloracetic acid (TCA) after addition of 100 ,g  of 
carrier bovine serum albumin (BSA) to determine the 
total amount of "cell-associated" radioactivity. The 
substrate devoid of cells was then washed three times 
with distilled water and an aqueous solution of 1% 
sodium dodecyl sulfate (SDS) added. The culture vessel 
was then shaken for 30 min at 37~ and an aliquot of the 
SDS-extract assayed for TCA-precipitable radioactivity 
as described above to measure the amount of labeled 
substrate-bound macromolecules. The latter value was 
expressed as a percentage of the total cell-associated 
radioactivity. Measurements of incorporated radioactiv- 
ity in the various samples were made in Aquasol 
scintillation fluid (New England Nuclear, Boston, Mass.) 
with a Beckman LS-230 liquid scintillation counter 
(Beckman Instruments, Inc., Fullerton, Calif.). 

Cell Growth on Microexudates from 

Homotypic and Heterotypic Cells 

To study the growth behavior of ceils plated onto 
substrates coated with microexudates from cells of the 
same (homotypic) or a different type (heterotypic), 
microexudate donor cells were seeded at the various 
densities given in the Results section in 50-mm plastic 
dishes and then detached from the dish at intervals when 
the required cell population density had been achieved. 
Donor cell populations were detached with 0.2% EDTA 
in CMF-BSS and the number of cells counted as 
described above. The dishes, now devoid of cells, were 
washed three times with PBS, and new cells of the same 
or a different type were inoculated onto the surface of the 
dishes and their growth was compared with that of 
control cells seeded at identical densities onto untreated 
plastic dishes. Secondary ME or CE cell cultures were 
used as donor cultures for substrate-bound microexu- 
dates in most experiments. For confluent donor cultures, 
3 • l0 s ME or CE cells were added to 50-mm plastic 
dishes (1.5 • 105 cell/cm2). For sparse subconfluent 
cultures, 1 • 105 CE or ME cells were inoculated per dish 
(5 • 103 cells/cm2). 5 ml of culture medium was used per 
dish for both sparse and confluent cultures, giving a ratio 
of medium volume to available cell-growth area of 0.3 
ml/cm ~. Donor ME or CE cell cultures seeded at the high 
density were confluent 24 h later, whereas the sparse 
cultures did not become confluent within the 6-day 
experimental period. 

Radioisotopes 

L-[4,5-3H]Leucine, sp act 35 Ci/mmol and [5-SH]uri - 
dine 5-T, sp act 20.4 Ci/mmol, were obtained from New 
England Nuclear, and [1-3H]glucosamine, sp act 2.4 
Ci/mmol was from Amersham-Searle Corp., Arlington 
Heights, 111. 

Reagents 

Thrice-crystalline trypsin was purchased from the 
Worthington Biochemical Corp., Freehold, N. J.; 
EDTA from Eastman Organic Chemicals Div., Eastman 
Kodak Co., Rochester, N. Y., SDS from MC&B Manu- 
facturing Chemists, Norwood, Ohio; and BSA from 
Miles Laboratories, Inc., Kankakee, I11. 

R ESU LTS 

Demonstration of  Substrate-Bound 

Radioactively Labeled 

Cellular Macromolecules 

The respective incorpora t ions  of [SH]glucosa- 
mine, [3H]leucine, and [3H]uridine into cellular 
g lycopro te ins ,  p ro te ins ,  and  R N A - c o n t a i n i n g  
moieties deposited on the surfaces of  plastic dishes 
by a variety of  diploid, heteroploid,  and virus- 
t ransformed and rever tan t - t ransformed cell lines 
are summarized  in Table  I. 

The results indicate tha t  a significant amount  of 
radioactively labeled cell-associated proteins and 
glycoproteins remain bound to the surface of the 
dish after de tachment  of the cells. As reported 
previously (22, 25, 39), the de tachment  of cells 
from plastic surfaces is not accompanied by any 
reduction in cell viability. Similarly,  dye-exclusion 

viability measurements  on cells used in the present  
experiments  demons t ra ted  tha t  the E D T A  detach- 
ment  procedure did not cause any reduction in cell 
viability. Al though it is recognized that  cell dam-  
age would result in the release of proteinaceous 
mater ia l  onto the substrate,  previous studies on the 
nature  of  cellular microexudates  have examined 
this problem in detail  and have established that  
microexudates  contain functional cell surface com- 
ponents  (42-44)  tha t  are actively synthesized (18, 
25), ra ther  than released passively by damaged  
cells. Microscopic examinat ion  of culture dishes 
after  cell de tachment  revealed no visible cells on 
the substrate,  a finding in agreement  with previous 
studies using accurate  thin-fi lm optical analysis 
(26). Fur thermore ,  no cell colonies could be re- 
covered from dishes after 4 wk of incubation.  

The results in Table  I indicate a significant 
var ia t ion in the amount  of "g lycoprote ins"  depos- 
ited by un t ransformed cells and their  t ransformed 
derivatives, though the revertant  t ransformed cell 
lines, R-SV3T3-10 and R-SV3T3-14,  more  closely 
resemble the original parent  3T3 cells. Cult ivat ion 
of cells from the same populat ion at equivalent  
densities on glass and plastic substrates  revealed 
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t h a t  the  overa l l  c o m p o s i t i o n  o f  r ad ioac t ive ly  la- 

beled m a c r o m o l e c u l e s  depos i t ed  on the  d i f fe ren t  

s u b s t r a t e s  did not  d i f fer  s ign i f i can t ly  (Tab le  II). A 

m o r e  de ta i led  c h a r a c t e r i z a t i o n  o f  the  ce l lu lar  m a c -  

r o m o l e c u l e s  found  in m i c r o e x u d a t e s  depos i t ed  on 

d i f fe ren t  subs t r a t e s ,  t o g e t h e r  with d a t a  on the  

re lease  o f  s imi l a r  m a c r o m o l e c u l e s  into the  cu l tu re  

m e d i u m ,  will be p re sen t ed  e l sewhere  (G. Pos t e  and  

L. Wei s s ,  m a n u s c r i p t  in p r epa ra t i on ) .  

G r o w t h  Behav io r  o f  Cells I n o c u l a t e d  onto  

S u b s t r a t e s  C o a t e d  with 

Cel lu lar  M i c r o e x u d a t e s  

In genera l ,  t he  g rowt h  ra te  o f  m a m m a l i a n  cells 

in cu l tu re  var ies  d i rec t ly  wi th '  the  init ial  cell 

c o n c e n t r a t i o n .  Below cer ta in  m i n i m u m  cell con-  
c e n t r a t i o n s ,  little or  no  net  g r o w t h  occu r s  (12, 16, 

30, 34). T h i s  p h e n o m e n o n  is i l lus t ra ted  by the  

g r o w t h  curves  for  s e c o n d a r y  C E  or M E  cell cul-  

t u r e s  seeded  at d i f fe ren t  dens i t i e s  in 50 - r am un-  

t r ea ted  p las t ic  d i she s  (Fig. 1), when  cells seeded  

at  dens i t i es  o f  less t h a n  5 x 10 '  c e l l s / d i sh  (2.5 x 

103 c e l l s / c m 0  s h o w  no ne t  g rowth .  

Recen t  s tud ies  by Yaoi  and  K a n a s e k i  (45) have  

s h o w n  tha t  the  g r o w t h  o f  C E  cells i nocu la t ed  at  

s imi l a r  low dens i t i es  was  e n h a n c e d  by seed ing  cells 

on to  g l a s s  s u b s t r a t e s  on which  C E  cells had  been 

p rev ious ly  g r o w i n g  and  which  were coa t ed  with 

wha t  t hese  a u t h o r s  desc r ibed  as a " c a r p e t "  o f  

ce l lu la r  ma te r i a l .  T o  d e t e r m i n e  the  r e l a t ionsh ip  

be tween  th i s  ca rpe t  o f  ce l lu lar  m a c r o m o l e c u l e s  and  

TABLE I 

Macromolecular Composition of  Mammalian Cell Microexudates Deposited on 
Plastic Substrates 

Radiolabeled substrate-bound macromolecules as % total 
cell-associated radiolabeled material 

Cell Density Glycoprotein Protein RNA 

cells x lO'/cm ~ 

CE 5 9.3 4- 2.5 4.4 4- I.I 0.4 4- 0.09 
22 14.8 4- 5.7 6.9 4- 2.3 0.2 4- 0.05 

ME 5 11.3 4- 2.4 5.7 :e 1.7 0.2 • 0.06 
21 17.2 4- 4.7 6.2 :e 2.6 ND 

3T3 4 14.3 4- 3.2 7.3 a: 3.3 0.5 4- 0.08 
9 18.5 4- 5.5 6.3 4- 1.9 0.2 4- 0.04 

SV3T3 11 3.9 4- 0.6 2.5 4- 0.9 0.1 4- 0.05 
26 2.2 4- 0.8 1.9 4- 0.6 0.1 4- 0.03 

R-SV3T3-10 9 16.2 4- 3.9 5.8 4- 1.3 0.3 4- 0.09 
R-SV3T3-14 11.5 15.6 4- 4.6 5.1 4- 1.8 0.2 4- 0.07 

Mean values 4- SE derived from five separate experiments. 60 50-mm plastic 
used for the assay of glycoprotein, protein, and RNA in each experiment. 
ND = not done. 

dishes were 

TABLE I I  

Macromolecular Composition 0/" Mammalian Cell Microexudates Deposited on Glass and Plastic Substrates* 

Radiolabeled substrate-bound macromolecales as % total 
cell-associated radiolabeled material 

Cell Density Substrate Glycoprotein Protein RNA 

cells x lO'/cm 2 

CE 22 Glass 15.3 4- 4.6 5.1 4- 2.4 0.19 4- 0.03 
23 Plastic 15.8 4- 5.3 5.4 • 1.4 0.24 4- 0.07 

3T3 9 Glass 18.6 4- 6.3 6.2 4- 2.6 0.21 4- 0.03 
9 Plastic 19.3 4- 5.5 6.4 4- 1.7 0.16 4- 0.04 

SV3T3 27 Glass 3.14 4- 1.4 1.82 4- I.I 0.17 4- 0.06 
26 Plastic 2.45 + 0.9 1.98 4- 0.7 0.12 4- 0.06 

* Mean values 4- SE derived from three separate experiments. 60 50-mm plastic dish cultures were used for the assay 
of glycoprotein, protein, and R NA in each experiment. 
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FIGURE I Growth of chick embryo (A) and mouse 
embryo cells (B) seeded at different densities. Each point 
represents a mean value from cell counts on four 
~eparate 50-mm dishes. 

the microexudates detected in our own system, the 
growth behavior of low density CE and ME cell 
populations seeded onto the surface of plastic 
dishes coated with microexudates derived from 
cells of the same type (homotypic) was investigated 
and their growth was compared with that of cells 
from the same population at similar densities on 
untreated plastic dishes. The results indicate that 
the growth of both CE (Fig. 2 A) and ME cells 
(Fig. 2 B) seeded at low densities on homotypic 
microexudates is significantly enhanced compared 
with the control cells on untreated substrates. 
However, the growth rate of CE or ME cells 
seeded at high densities is not significantly altered 
by the presence of a microexudate on the substrate 
(Fig. 2 A and B). 

Treatment  of the surface of plastic dishes coated 
with cellular microexudate from CE or ME cells 
with 0.1% crystalline trypsin for l0 rain at 37~ 
followed by several washes with PBS to elute any 
residual active enzyme (22), abolished the ability 
of microexudates to enhance the growth of low- 
density homotypic cell populations. 

To determine whether the enhanced growth of 
low-density cell populations seeded onto microexu- 
date was due in part to the release of growth- 
stimulating macromolecules from the microexu- 
date into the culture medium, in a situation analo- 
gous to conventional "condi t ioned" medium, plas- 
tic dishes coated with microexudates were incu- 
bated with culture medium without cells for 5 days 
at 37~ The medium harvested from these dishes 
was then used to treat the surface of new untreated 
plastic dishes. Cells were then seeded at low 
densities (l • l0 ~ cells/dish) onto the surface of 
these dishes and cultured for 6 days in the medium 
harvested as described above. Comparison of the 
growth of CE cells in these dishes with similar 
low-density CE cell populations seeded onto un- 
treated plastic dishes failed to reveal any signifi- 
cant differences in the number of cells after 6 days. 
These results suggest that the enhanced cell growth 
at low densities induced by cellular microexudates 
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FIGURE 2 Growth of chick embryo (A) and mouse 
embryo cells (B) seeded at different densities onto normal 
plastic dishes (n  I-1) or onto similar dishes coated 
with microexudates from exponentially growing homoty- 
pic cells (density: 8 • l04 cells/cm 2) (B II). Each 
point represents a mean value derived from cell counts on 
four separate 50-mm dishes. 
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requires direct contact interaction between the 
inoculated cells and the microexudate. 

Specificity o f  Growth Enhancement Induced 

by Cellular Microexudates 

In addition to the enhanced growth of low-den- 
sity CE and ME cell populations produced by 
seeding them onto homotypic microexudates, simi- 
lar growth enhancement was obtained when low- 
density ME cell populations were inoculated onto 
substrates coated with intraspecific or interspecific 
heterotypic cellular microexudates (Fig. 3). 

Enhancement o f  Cell Growth at Low 

Densities by Cellular Microexudates: 

Influence o f  Microexudate Donor 

Cell Density 

The enhanced growth of low-density cell popula- 
tions seeded onto homotypic cellular microexu- 
dates reported in previous sections was achieved 
with microexudates deposited by actively growing 
subconfluent or near-confluent cell cultures. In 
contrast, microexudates derived from cells of the 
same type in confluent stationary phase cultures 
did not enhance the growth of low-density cell 
populations (Table 11I). As shown in Table 1II, 
low-density ME or CE cell populations inoculated 
onto homotypic microexudates from subconfluent 
cells in their exponential growth phase (8 9 x 104 

u 
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"io 
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t.) 

FIGURE 3 
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m IK tttR 
The growth of mouse embryo cell popula- 

tions seeded at low densities (1 x 104 cells/dish) on mi- 
croexudates from exponentially growing heterotypic 
cells. Cell growth on microexudate-coated substrates is 
expressed as a percentage of the growth of control cell 
cultures seeded at identical densities on to untreated 
plastic dishes. The microexudate donor cell populations 
were used at the following densities (number of cells/ 
cm ~ x 104): 3T3 5.2; SV3T3, 15.8; L, 39.0; RLB, 4.9; 
W138, 15.3; AL 10.5; and AGMK, 4.7. 

TABLE I I l  

The Effect of Microexudates from Logarithmic 
Phase Cell Cultures and Dense Stationary Phase 
Cultures on the Proliferation of Homotypic Cells 
Seeded at Low Density* 

Cell type 

Ratio of num- 
ber of cells at 

6 days to 
Density of Cell number 6 number of 

microexudate days after cells in orig- 
donor celM inoculation inal inoculum 

cells/crn 2 x 10" cells~dish 

ME Untreated 9.02 x 103 0.90 
controlw 

ME 8.1 3.41 x 104 3.41 
ME 40.3 7.14 • 10 a 0.71 
CE Untreated 1.42 x l04 1.42 

controlw 
CE 8.6 3.37 x l04 3.37 
CE 37.4 0.60 • 10 a 0.60 

* The results represent mean values derived from four 
separate experiments (1 x 104 cells/50-mm dish). 
~t Mean values derived from cell counts on l0 replicate 
50-mm Petri dish cultures in each experiment. 
w cultures were seeded in untreated 50-mm 
plastic Petri dishes. 

cells/cm 2) showed significantly greater growth 
than low-density cell populations on microexu- 
dates from dense confluent cultures of phase cells 
or seeded onto untreated normal culture dishes. 

Although the results in Table I i i  demonstrate 
that microexudates from confluent stationary 
phase cultures did not enhance cell growth, data 
obtained in the following experiments suggest that 
such microexudates can actually inhibit growth of 
homotypic cells. This growth-inhibitory effect was 
detected in experiments in which ME and CE cells 
were seeded onto microexudates at initial densities 
higher than those used in previous experiments. 
These higher seeding densities were sufficient 
under normal culture conditions in untreated plas- 
tic Petri dishes to permit rapid cell growth and the 
formation of confluent monolayers 3 4 days after 
inoculation. Measurement of the proliferation of 
cells seeded at such densities on microexudate- 
coated substrates revealed that microexudates 
from dense stationary phase homotypic cell cul- 
tures produced marked growth inhibition (Table 
IV). In contrast, microexudates deposited by ac- 
tively growing logarithmic phase cells of the same 
type had no inhibitory effect on the growth of the 
inoculated cell population, which grew rapidly to 
achieve a saturation density similar to that in 
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control cell populations seeded in untreated plastic 
Petri dishes (Table IV). 

The results in Table IV indicate that the growth 

inhibitory effect of microexudates from dense 

stationary phase cultures is not confined merely to 

very low-density cell populations, which would 

display slow growth rates even under normal 
culture conditions, since a similar inhibitory effect 
is exerted on cells seeded at densities that would 
normally be sufficient to allow rapid growth. 

Further observations on the proliferation of a Celltype 

range of human, mouse, monkey, and rat diploid 

cell strains seeded onto homotypic cell microexu- 
3T3 

dates revealed that microexudates from stationary 
phase cultures were uniformly inhibitory to the 

growth of the inoculated cells, while microexudates 
from logarithmic phase cultures had no significant 
effect on cell proliferation (Table V). AL 

These results indicate that inhibition of the 

growth of diploid cells by microexudates from 
stationary phase cultures may be a relatively 
wide-spread phenomenon.  

W138 
Detailed information of the inhibitory effect of 

cellular microexudates from stationary phase cul- 
tures on the growth of heterotypic cells, together 

with data on the effect of microexudates from 

normal cells on the proliferation of tumor cells, RLB 
will be presented in a subsequent paper. 

TABLE IV 

The Effect of Microexudates from Logarithmic 
Phase Cell Cultures and Dense Stationar.v Phase AGMK 
Cultures on the Proliferation of Homotypic Cells 
Seeded at Medium Densities* 

Cell type 

Ratio of num- 
ber of cells at 

6daysto 
Density of Cell number 6 number of 

microexudate days after cells in orig- 
donor cells:~ inoculation inal inoculum 

cells/cm • 10" cells~dish 

ME Untreated 2.52 • 106 5.04 
controlw 

ME 8.4 2.64 x 10 e 5.28 
ME 39.7 5.63 • l0 s 1.12 
CE Untreated 2.90 • 106 5.80 

controlw 
CE 8.6 2.72 • 106 5.44 
CE 38.2 5.76 • 105 1.15 

* The results represent mean values derived from four 
separate experiments (5 • 105 cells/50-mm dish). 

Mean values are derived from cell counts on 10 
replicate 50-mm Petri dish cultures in each experiment. 
w cultures were seeded in untreated 50-mm 
plastic Petri dishes. 

TABLE V 

The Effect Of Homotypic Cell Microexudates from 
Logarithmic Phase and Dense Stationary Phase 
Cultures on the Proliferation of Mouse (3T3), 
Human (AL; W138), Rat (RLB), and Monkey 
(AGMK) Diploid Cell Strains*. 

Ratio of num- 
ber of cells at 

6 days to 
Density of Cell number 6 number of 

microexudate days after cells in orig- 
donor cells~ inoculationw inal inoculum 

cells/cm 2 • 10' cells/dish 

Untreated 1.71 • 106 5.72 
control[[ 

4.9 1.90 • 106 6.33 
10.1 3.42 • 10 s 1.14 

Untreated 4.07 • 106 4.52 
control[[ 

10.2 3.93 • 106 4.37 
19.3 8.64 • l0 s 0.96 

Untreated 4.35 • 10' 5.80 
controlll 

15.8 4.19 • 10 e 5.59 
21.2 8.03 • l0 s 1.07 

Untreated 1.58 • 10 e 3.95 
control[[ 

4.9 1.39 • 106 3.48 
8.2 4.08 • l0 s 1.02 

Untreated 1.55 x 106 3.88 
controlll 

4.5 1.73 • 106 4.33 
8.2 5.16 • 105 1.29 

* The results represent mean values derived from three 
separate experiments. 

Cells were seeded at the following densities (number of 
cells/50-mm dish): 3T3, 3 • 105; AL, 9 • 10s; W138, 
7.5 • 105; RLB, 4 • 105; and AGMK, 4 • 105 . 
w Mean values were derived from cell counts on 10 
replicate 50 mm-Petri dish cultures in each experiment. 
II Control cultures were seeded in untreated 50-mm 
plastic Petri dishes. 

Enhancement  o f  Cell Growth at L ow  

Densities by Cellular Microexudates." 

Comparison with the Effect o f  Conditioned 

Medium or Feeder Cells 

Numerous previous studies have shown that the 
growth of low-density cell populations can be 
enhanced by cultivation in "condit ioned medium" 
(CM) obtained from dense-growing cell cultures of 
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the same type (21, 30) or by plating onto "feeder" 
cell layers of the same (10, 28, 33) or a different 
cell type (36, 41). It was considered pertinent 
therefore to compare the growth enhancement of 
low-density CE or ME cell populations produced 
by homotypic microexudates with that produced 
by CM or homotypic feeder cell layers. 

The results shown in Fig. 4 indicate that both 
CM and X-irradiated feeder cell layers induce 
significantly greater growth enhancement of low- 
density cell populations than homotypic microexu- 
dates. 

DISCUSSION 

The present experiments have demonstrated that 
mammalian cells cultured on solid substrates in 
vitro deposit microexudates of cellular mac- 
romolecules that remain attached to the sub- 
stratum when the cells are detached. The results 
described here for radioactively labeled cells indi- 
cate that the type of cellular macromolecules 
deposited on the substratum varies significantly 
between different cell types and between cells of 
the same type at different population densities. 
These findings complement previous observations 
that have shown that the rate of synthesis and the 
amount of microexudate deposited by different cell 
types vary significantly (25). The present results 
confirm and extend the observation of Yaoi and 

Kanaseki (45) that cell growth at low densities can 
be enhanced by inoculation onto substrates coated 
with macromolecular material deposited by ac- 
tively growing cells of the same type. The work 
described here has shown that similar growth 
enhancement can also be induced by microexu- 
dates from heterotypic cells. Enhanced growth of 
low-density cell populations induced by cellular 
microexudates is not as efficient, however, as that 
produced by cultivation of similar small numbers 
of cells in conditioned medium or in contact with 
feeder cell layers. 

The physiological state of the cells used to 
provide microexudate has been found to influence 
the growth behavior of cells inoculated onto sub- 
strates coated with microexudates. Microexudates 
deposited by subconfluent cell cultures in their 
exponential growth phase are required for op- 
timum enhancement of the growth of low-density 
cell populations, since microexudates deposited by 
confluent cells of the same type in the stationary 
growth phase exert an inhibitory effect on cell 
growth, irrespective of the density of the cell 
population inoculated onto the microexudate. The 
present findings on differences in the effect of 
microexudates from confluent and subconfluent 
donor cells on cell growth have certain similarities 
with the observations of Bolund et al. (3), who 
found that the cytochemical changes in the nuclei 
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FIGURE 4 Growth of chick embryo cells seeded at different densities on dishes coated with microexudate 
from exponentially growing homotypic cells (density 8 • 10 4 cells/cm 2) (& &), or onto X-irradiated 
chick embryo feeder cell layers (r-I r-I), or cultivated in conditioned medium (m !1). Control cell 
cultures (/X A) were seeded on untreated plastic dishes. Cell growth is expressed as a ratio of the 
number of cells present 6 days after inoculation (N6) to the number of cells in the original inoculum (N1). 
Each point represents a mean value derived from cell counts on three separate dishes. 
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of hen erythrocytes accompanying "activation" of 
nucleic acid synthesis could be rapidly induced by 
plating cells onto glass substrates coated with 
microexudates from exponentially growing HeLa 
cells or mouse A9 fibroblasts, but that at high cell 
densities these nuclear changes did not occur. A 
further similarity between the present study and 
that of Bolund and colleagues is that the growth- 
enhancing effects of the microexudates could be 
abolished by brief trypsinization. 

It is of interest to note, however, that optimum 
enhancement of cell growth at low densities was 
produced by microexudates deposited by subcon- 
fluent donor cultures in which 30-40% of the 
substratum was free of attached cells. This finding 
suggests that the deposition of microexudate on 
the substratum is not confined solely to the area 
immediately beneath attached cells, and that this 
material is able to spread over the substratum in 
the intercellular areas. Direct support for the 
presence of microexudates in the intercellular 
areas of subconfluent cell cultures has been pro- 
vided by ellipsometry (26, 32) and immunofluores- 
cence (3). The ability of cellular macromolecules 
with growth-promoting properties to spread lat- 
erally in the plane of the surface from attached 
cells has also been proposed, from observations on 
the social 'behavior of cells in the vicinity of 
wounds inflicted in confluent monolayers (35), and 
from studies on the growth-enhancing effects of 
feeder cell layers on low-density cell populations 
separated from the feeder cells by increasing 
distances (30, 45). 

The mechanism by which microexudates derived 
from exponentially growing cell cultures enhance 
cell growth at low densities remains to be estab- 
lished. The use of EDTA or trypsin, or both, to 
detach cells from substrata results in the removal 
or peripheral components from cells (6 8, 17, 20, 
22, 38) that are resynthesized over a period of 1 8 
h (2, 13, 15, 17, 19, 25, 26). The removal of these 
peripheral components creates abnormal permea- 
bility fluxes across the plasma membrane, and 
cells remain "leaky" until the surface components 
are resynthesized. In addition, the increased 
permeability of the cells reduces their proliferative 
capacity, and this process is exacerbated in low- 
density cell populations seeded in relatively large 
volumes of culture medium (1 I). A possible inter- 
pretation of the enhanced growth of low-density 
cell populations when seeded on microexudates is 
that the microexudates limit the permeability 
deficit of the seeded cells, enabling them to 

equilibrate more rapidly with their culture environ- 
ment and start dividing more quickly than similar 
cells on untreated substrates. 

Since the growth rate of low-density cell popula- 
tions seeded onto microexudates is also affected by 
whether the microexudate donor cells were grow- 
ing or were in stationary phase, it seems likely 
that, in addition to their possible effects in limiting 
the abnormal permeability of newly seeded cells, 
microexudates also contain components that can 
influence cell growth per se. In this respect, it is 
pertinent to note that previous studies on the 
interaction between intact cells have shown that 
diploid cells in the stationary phase can inhibit or 
greatly retard the growth of other diploid cells 
seeded onto them, though replicating cells of the 
same type do not affect the growth of the seeded 
cell population (10). 

The possible similarities between the growth- 
inhibitory properties of microexudates and those 
of intact cells suggest that these properties in intact 
cells may be mediated in part by specific functional 
determinants in the cell periphery, which are also 
present in microexudates of cell surface mac- 
romolecules. Little information is available, how- 
ever, on the structural components in the cell 
periphery that may be involved in those aspects of 
cell growth regulation that appear to be mediated 
by cell-to-cell contact phenomena. Data presented 
here have shown that the gross macromolecular 
composition of microexudates differs significantly 
between cells in sparse actively replicating cultures 
and those in confluent stationary cultures. A more 
detailed characterization of the chemical composi- 
tion of cellular microexudates with different cell 
growth inhibitory properties might therefore offer 
an opportunity for identifying cell surface determi- 
nants that may regulate cell growth. 

This work was supported by grants BC-87F and BC-87G 
from the American Cancer Society (L. Weiss) and grant 
no. CA 13393-02 from the National Institutes of Health 
(G. Poste). 

Received for publication 1 April 1974, and in revised 
form 4 September 1974. 

REFERENCES 

1. ABERCROMBIE, M., J. E. M. HEAYSMAN, and S. M. 
PEGRUM. 1971. The locomotion of fibroblasts in 
culture. IV. Electron microscopy of the leading 
lamella. Exp. Cell Res. 67:359 367. 

2. BARNARD, P. J., L. WEISS, and T. RATCLIFFE. 1969. 
Changes in the surface properties of embryonic 

WEISS, POSTE, MACKEARNIN, AND WILLETT Microexudates and Cell Growth 143 



chick neural retina cells after dissociation. Exp. Cell 
Res. 54:293-301. 

3. BOLUND, L., Z. DARZYNKIEWICZ, and N. R. 
RINGERTZ. 1970. Cell concentration and the staining 
properties of nuclear deoxyribonucleoprotein. Exp. 
Cell Res. 62:76-89. 

4. BOREK, C. 1972. Neoplastic transformation in vitro 
of a clone of adult liver epithelial cells into differenti- 
ated hepatoma-like cells under conditions of nutri- 
tional stress. Proc. Natl. Acad. Sci. U. S. A. 
69:956-959. 

5. BRUNK, U., J. L. E. ERICSSON, J. PONTEN, and B. 
WESTERMARK. 1971. Specialization of cell surfaces 
in contact-inhibited human gila-like cells in vitro. 
Exp. Cell Res. 67:407 415. 

6. CHIARUGI, V. P., and P. URBANO. 1973. Studies on 
cell coat macromolecules in normal and virus-trans- 
formed BHK/21/CI3  cells. Biochim. Biophys. 
Acta. 298:195-208. 

7. CODINGTON, J. F., B. H. SANFORD, and R. W. 
JEANLOG. 1970. Glycoprotein coat of the TAs cells. 
I. Removal of carbohydrate and protein material 
from viable cells. J. Natl. Cancer Inst. 45:637-649. 

8. CULP, L. A., and P. H. BLACK. 1972. Release of 
macromolecules from BALB/c mouse lines treated 
with chelating agents. Biochemistry. 11:2161-2172. 

9. CULP, L. A., and P. H. BLACK. 1972. Contact-inhib- 
ited revertant cell lines isolated from Simian virus 
40-transformed cells. Ill.  Concanavalin A selected 
revertant cells. J. Virol. 9:611 620. 

10. EAGLE, H., and E. M. LEVlNE. 1967. Growth 
regulatory effects of cellular interaction. Nature 
(Lond.). 213:1102 1106. 

11. EAGLE, H., and L. LEVINTOW. 1965. Amino acid and 
protein metabolism. In Cells and Tissues in Culture. 
E. N. Willmer, editor. Academic Press Inc., New 
York. 1:276-296. 

12. EARLE, W. R., K. K. SANFORD, V. J. EVANS, H. K. 
WALTZ, and J. E. SHANNON. 1951. The influence of 
inoculum size on proliferation in tissue cultures. J. 
Natl. Cancer Inst. 12:133-153. 

13. GLAESER, R. M., J. E. RICHMOND, and P. W. TODD. 
1968. Histotypic self-organization by trypsin-dis- 
sociated and EDTA-dissociated chick embryo cells. 
Exp. Cell Res. 52:71 85. 

14. HEAYSMAN, J. E. M., and S. M. PEGRUM. 1973. 
Early contacts between fibroblasts. Exp. Cell Res. 
78:71 78. 

15. LILIEN, J. E., and A. A. MOSCONA. 1967. Cell 
aggregation: its enhancement by a supernatant from 
cultures of homogenous cells. Science (Wash. D. C.). 
1~;7:70-72. 

16. MACPHERSON, 1., and M. G. P. STOKER. 1962. 
Polyoma transformation of hamster cell clones: an 
investigation of genetic factors affecting cell compe- 
tence. Virology. 16:147-151. 

17. MALLUCCl, L. 1971. Binding of concanavalin A to 
normal and transformed cells as detected by immu- 
nofluorescence. Nat. New Biol. 233:241-244. 

18. MALLUCCI, L., G. POSTE, and V. WELLS. 1972. 
Synthesis of cell coat in normal and transformed 
cells. Nat. New Biol. 235:222-223. 

19. MARCUS, P. l., and V. G. SCHWARTZ. 1968. Moni- 
toring molecules of the plasma membrane: renewal 
of sialic acid-terminating receptors. In Biological 
Properties of the Mammalian Surface Membrane. 
L. A. MANSON, editor. The Wistar Institute Press, 
Philadelphia. 143-150. 

20. ONODERA, K., and R. SHEINI• 1970. Macromolecu- 
lar glucosamine-containing component of the sur- 
face of cultivated mouse cells. J. Cell Sci. 7:337 355. 

21. PACE, D. M., and L. AFrONOMOS, 1957. Effects of 
cell density on cell growth in a clone of mouse liver 
cells. J. Natl. Cancer Inst. 19:1065 1075. 

22. POSTE, G. 1971. Tissue dissociation with proteolytic 
enzymes: adsorption and activity of enzymes at the 
cell surface. Exp. Cell Res. 65:359-367. 

23. POSTE, G. 1973. Changes in the susceptibility of 
normal cells to agglutination by plant lectins follow- 
ing modification of cell coat material. Exp. Cell Res. 
73:319-328. 

24. POSTE, G. 1973. Enucleation of mammalian cells by 
cytochalasin B. Exp. Cell Res. 73:273 286. 

25. POSTE, G., L. W. GREENHAM, L. MALI.UCCI, P. 
REEVE, and D. J. ALEXANDER. 1973. The study of 
cellular "microexudates" by ellipsometry and their 
relationship to the cell coat. Exp. Cell Res. 
78:303 313. 

26. POSTE, G., and C. Moss.  1972. The study of surface 
reactions in biological systems by ellipsometry. In 
Progress in Surface Science. S. G. Davison, editor. 
Pergamon Press, Ltd. Oxford. 2:139 232. 

27. PRICE, P. G. 1970. Electron microscopic observa- 
tions of the surface of L-cells in culture. J. Membr. 
Biol. 2:300- 316. 

28. PUCK, T. T., and P. I. MARCUS. 1955. A rapid 
method for viable cell titration and clone production 
with HeLa cells in tissue culture: the use of X- 
irradiated cells to supply conditioning factors. Proc. 
Natl. Acad. Sci. U. S. A. 41:432-437. 

29. REEVE, P., and G. POSIE. 1971. Studies on the 
cytopathogenicity of Newcastle disease virus: rela- 
tion between virulence, polykaryocytosis and plaque 
size. J. Gen. Virol. ! 1:17 24. 

30. REIN, A., and H. RUBIN. 1968. Effects of local cell 
concentrations upon the growth of chick embryo 
cells in tissue culture. Exp. Cell Res. 49:666-678. 

31. REVEL, J.-P. and K. WOLKEN. 1973. Electronmicro- 
scope investigations on the underside of cells in 
culture. Exp. Cell Res. 78:1 14. 

32. ROSENBERG, M. D. 1960. Microexudates from cells 
grown in tissue culture. Biophys. J. 1:137 159. 

33. ROTHFELS, K. H., E. B. KUPELWIESER, and R. C. 
PARKER. 1963. Effects of X-irradiated feeder cells on 
mitotic activity and development of aneuploidy in 
mouse embryo cells in vitro. Proc. Can. Cancer Res. 
Conf. 5:191 223. 

34. RUmN, H. 1966. Fact and theory about the cell 

144 THE JOURNAL OF CELL BIOLOGY . VOLUME 64, 1975 



surface in carcinogenesis. In Major Problems in 
Developmental Biology. M. Locke, editor. Aca- 
demic Press Inc., New York. 315 337. 

35. STOKER, M. G. P. 1973. Role of diffusion boundary 
layer in contact inhibition of growth. Nature 
(Lond.). 246:200-203. 

36. STOgER, M. G. P., and M. SUSSMAN. 1965. Studies 
on the action of feeder layers in cell culture. Exp. 
Cell Res. 38:645 653. 

37. VASILIEV, J. M., and I. M. GELFAND. 1973. Interac- 
tions of normal and neoplastic fibroblasts with the 
substratum. Ciba Found. Syrup. 14:311-329. 

38. WEISS, L. 1958. The effects of trypsin on the size, 
viability and dry mass of sarcoma 37 cells. Exp. Cell 
Res. 14:80 83. 

39. WEiss, L. 1961. Studies on cellular adhesion in tissue 
culture. IV. The alteration of substrata by cell 
surfaces. Exp. Cell Res. 25:504-517. 

40. WEiss, L. 1967. The Cell Periphery, Metastasis, and 

Other Contact Phenomena. North-Holland Publish- 
ing Co., Amsterdam. 

41. WEISS, R. A. 1970. The influence of normal cells on 
the proliferation of tumour cells in culture. Exp. Cell 
Res. 63:1 18. 

42. WEISS, L., and R. R. A. COOMBS. 1963. The 
demonstration of rupture of cell surfaces by an 
immunological technique. Exp. Cell Res. 
30:331-338. 

43. WEISS, L., and P. J. LACHMANN. 1964. The origin of 
an antigenic zone surrounding HeLa cells cultured 
on glass. Exp. Cell Res. 36:86-91. 

44. WEISS, L., and E. MAYHEW. 1967. The presence of 
ribonucleic acid within the peripheral zones of two 
types of mammalian cell. J. Cell. Physiol. 
68:345-360. 

45. YAOI, Y., and T. KANASEKI. 1972. Role ofmicroexu- 
date carpet in cell division. Nature (Lond.). 
237:283-285. 

WEISS, POSTE, MACKEARNIN, AND WILLETT Microexudates and Cell Growth 145 


