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INTRODUCTION

The growth of cells in vitro is a technique wh i c h  presents 

m a n y  advantages for use in biological research, partic u l a r l y  in 

the fields of genetics, physiology, and biochemistry. It is 

possible to f ollow the m e tabolic and chemical actions of the cell 

in a controlled manner since an isolated population of cells is 

used for study. This degree of environmental control has made 

tissue culture an ideal technique for biochemical and cytological 

studies.

M a n y  of the problems encountered in rese a r c h  require the 

growth of a single, isolated cell into a clonal population. For 

example, a problem dealing with genetics would require working 

w i t h  a cell population having the same genetic expression in each 

cell. This can be accomplished b y  developing the population from 

one single, isolated cell. .

Success ingrowing a single, isolated cell in tissue culture 

has bee n  limited. Small populations of cells have bee n  successfully 

maintained and grown using chemically defined media and me d i a  

enriched w i t h  non-defined constituents such as horse serum a.nd chick 

embryo extract. However the me d i a  w h i c h  are presently available 

a r  e inadequate for the support and proliferation of any single, 

isolated cell of p r i m a r y  exolant.

The failure of a single cell to grow and develop into a 

clonal population has been observed b y  m a n y  workers. In 1916 Rous
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and Jones plated out cells as individuals by growing snail bits of 

tissue in plasma clots, which were then digested by treatment with 

trypsin. Cells were liberated as individuals, but further pro

liferation of these cells was not described.(Rous and Jones, 1916). 

Fischer (1923) attempted to develop a single isolated cell into a 

clone by growing cells on sterile cotten threads and separating 

them out on a slide covered with plasma. Although hundreds of 

isolated cells were studied the division of a single, isolated 

cell was not observed; growth by proliferation was observed only 

when a number of cells were in close contact in a culture, 

x According to Sanford (1961) Olivo was the first individual to

obtain some success in the growth of small numbers of cells. By 

allowing cells to migrate into a plasma clot from a tissue explant, 

Olivo found as few as 26 cells could regenerate a whole tissue 

culture of about 200,000 cells.
Moen (1935) described the growth of isolated mononuclear cells 

from pleural exudate of the guinea pig into a pure colony.. Since 

cellular division did not usually begin until a lapse of one or two 

days after explantation Moen proposed that the cell may elaborate 

some metabolic product into its immediate environment which would 

make conditions for division favorable. There was noted a 

disproportionately greater proliferation of cells in flasks containing 

the larger number of mononuclear cells.

Following M o e n’s postulate Sanford, Earle, and likely (1948) 

used two different approaches to examine the capability of the cell
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to condition its immediate environment. The first of these approaches 

was a limitation of the cellular environment, so that excessive loss 

of the growth-stimulating substance(s) by diffusion could be 

prevented. The second approach was use of medium which had been 

previously "conditionedM by growing cells.

The first approach, limitation of the cellular environment, 

was accomplished by means of the capillary technique. Single cells 

were drawn into a micropipette of capillary size and the tip of the 

pipette containing the cells was broken off forming a capillary tube. 

The capillary tube was examined under a dissecting microscope to 

determine the position of the cell and then it was placed into a 

sterile Petri dish. The excess tubing on each side of the cell was 

broken off and the short piece containing the single cell was 

inserted into a culture flask containing chicken plasma and culture 

fluid. After the plasma had solidified more culture medium was 

added. The capillary tube, being open at both ends, allowed for 

exchange of nutrients and wastes, but at the same time kept diffusion 

of the possible growth-stimulating substance(s) to a minimum.

The second approach, the use of conditioned media, was utilized 

in conjunction with the capillary technique. Conditioned medium was 

that in which strain L cells had been growing for 18-24 hours. The 

culture fluid was drawn off the cells, and fortified with sterile 

glucose solution. To eliminate any cells from this used medium it was 

centrifuged, during which process a plug of sterile cotton was 

thrown down through the fluid. The supernatent was drawn off, frozen
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and thawed before use.

The results of the experiments using the capillary technique 

showed t h a t  single cells w h i c h  w e r e  located near the ends of the 

capillary segments died either before or following the first division, 

but about U % of those located near the center of the capillaries 

divided and proliferated to form colonies. F r o m  these results the 

authors interpreted that cells near the center of t h e  capillary 

tubing we r e  able to proliferate because diffusion was limited in 

this region. However cells w h i c h  we r e  located near the ends of the 

capillary tubing died because the growth-stimulating substance w a s  

not maintained in high enough concentration. Once the cells migrated 

through the open ends of the capillary tube into the plasma it was 

necessary to use the conditioned m e d i u m  to maintain them. Unless 

conditioned m e d i u m  was u s e d  cell i n j u r y  and necrosis appeared 

w i t h i n  a few days after the cells migrated out of the capillary 

segment.

The concept of u sing conditioning cells to enhance the growth 

properties of the m e d i a  w a s  extended b y  Puck, Marcus, and Cieciura 

(1956). A  method for growing single, isolated cells over a layer of 

non-dividing, irradiated cells was devised. This layer of irradiated 

cells has become known as the feeder layer. H e L a  cells -were irradiated 

w i t h  1*000-5000 r after 5-18 hours of growth in Petri dishes; the 

medium w a s  removed, and new m e dium w a s  added w h i c h  contained the cells 

whose reproductive capacity was being analyzed. The irradiated He L a  

cells wer e  unable to divide, but t h e y  continued to metabolize and thereby
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conditioned, the medium for the unirradiated cells seeded over them. 

Plating efficiencies approaching 100$ were obtained.

Subsequently attempts were made by this same group of 

workers to eliminate the use of the feeder system. Mechanical stress 

on the cells was minimized, and a 1$  agar solution was added to the 

medium to increase its viscosity. The latter procedure served to 

reduce the loss of metabolites from the cellular environment by 

decreasing the rate of diffusion. Utilizing this technique plating 

efficiencies approaching 100$  were again obtained.
Although Puck's feeder layer technique was the first to permit 

plating efficiencies approximating 100$ some doubt was expressed by 
others in the field as to the purity of a clone developed by means 

of this method. It was felt that a clone could become contaminated 

by migrations of cells from one place in the Petri dish to another; 

also it might have been possible for a cell from the feeder layer 

to divide and thus contaminate a population of cells.

Goldstein (1957) devised a method for selectively removing 

all cells in the glass container so that the purity of the clone 

developed could be assured. Flasks innoculated with a dilute cell 

suspension of three cell strains were incubated until the cells 

became attached, then three or four isolated cells were located by 

microscopic examination. All other cells except these were killed 

by applying local heat on the bottom of the flask with an electric 

soldering iron modified with a micro tip. A  75$ plating efficiency 

for the cell strains was obtained using this method.
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A  year later Schenck and Moskowitz (1958) described a method 

designed to yield cultures that would unquestionably be derived from 

single cells. A  dilute suspension of cells was introduced into a 

Petri dish containing small glass squares. Those glass squares on 

which a single cell became attached were selected by microscopic 

examination and placed in culture vessels and incubated until a 

relatively large colony developed. A  similar method developed by 

Aronson (I960) substituted small glass beads for the glass squares. 

These methods had the advantage of assurance of a pure clone, but 

lacked the high plating efficiencies gained by Puck's method for 

conditioning the media. The percentage of glass squares having a 

single cell each ranged from 12-27$ of those examined, and the 

percentage of these which developed into cultures varied from 0-70$.

In addition to the diverse techniques which have been 

developed for the isolation and growth of a single cell, attempts 

have been made to improve the media so that a single cell in culture 

may be self-sustaining. The possibility of reusing culture medium 

has been investigated by Sanford, Earle, and Likely (1948) and 

Deschner and Allen (I960).

Sanford and her colleagues found it necessary to use conditioned 

medium in conjunction with the capillary technique in order to 

establish clones. Deschner and Allen (1960) observed no apparent 

growth and division from cultures prepared from Ehrlich ascites tumor 

cells in fresh media, but it was found that the cells would do well 

if medium in which cells had been previously growing was filtered and
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used in place of the fresh medium.

The reuse of nutrient medium was shown to produce no toxic 

effects on large populations of primary explants (Khanina, Etingof 

and Fedotova, 1959). Primary explants of monkey kidney grew as well 

in medium that had been used once before and resterilized as they 

did in fresh medium. Neither did the sensitivity of the kidney 

cells grown in regenerated medium to poliomyelitis virus change.

Foley used irradiated HeLa cells to regenerate or condition 

medium. This technique resembled that of Puck (1956). Culture 

dishes were each seeded with 2000 human fibroblast-like cells from 
amniotic cultures. Test cultures were seeded with varying numbers 

of irradiated HeLa cells. Although the number of seeded fibroblast

like cells was constant the number of colonies which developed was 

almost proportional to the number of added, irradiated HeLa cells 

(Foley, Kennedy and Ross, 1963). These investigators also made a 

time study to determine when the most active concentration of 

stimulatory substance is elaborated in the culture fluid of the 

irradiated HeLa cells. The most marked activity was found in the 

fluid when the irradiated HeLa cells were in culutre from 18-28 

days. An appreciable activity of growth stimulant appeared first 

in the fluid representative of the 12th day of HeLa culture. The 

active material was also obtained from lysed HeLa cells; however, 

when HeLa cells which were actively dividing were used in place of 

the irradiated HeLa cells in the fibroblast-like cultures, there was 

not sufficient elaboration of the active material to show an effect.
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The study by Foley has indicated that the stimulatory action 

observed was dependent upon a particular concentration of the 

unknown substance(s). A  correlation between amino a c i d  requirement 

and cell density was shown using various cell strains(Eagle and Piez, 

1962) o Strain cells in a cystine— free medium, when given only methionine 

and glucose as cystine precursors, had to synthesize and retain 

metabolically effective levels of homocystine, serine, cystathionine, 

and cystine. The cells died unless they were given traces of 

exogenous cystine or homocystine or unless the population density was 

200,000 —  500,000 cells/ml. When homocystine was provided the 

critical population density was reduced to 50-500 cells/ml. Finally 

if given cystine and serine a single cell would grow even in 10 ml. 
of culture medium (Eagle and Piez, 1962).

By comparing population densities of cells in tissue with 

cells in culture it was shown that this factor alone could greatly 

affect leakage of metabolites. In animal tissues the cell number 

is approximately 108 cells/ml., while heavily populated cell 
cultures usually contain no more than 5 x  105 cells/ml. (Eagle and 

Piez, 1962). "Tissue cells, being closely packed, would sustain only 

a minor loss of metabolites in equilibration of the cellular pool 

with the immediate environment, whereas cultured cells which are 

dispersed in a much greater volume of liquid would undergo a rapid 

loss of metabolites." (Eagle and Piez, 1962).

Experiments by Puck, et. al. (1955) showed that a large 

fraction of P32 which is incorporated in both large and small



9

molecular constituents in the cells is liberated from animal cells 

during washing. The amount of P^2 leaking out is much less when 

complete growth medium is used rather than when H a n k’s saline is 

used for washing.

A  disproportionately large rise of enzyme activity was 

noted in dense cultures of human cells where the total protein and 

cell number had become almost constant (DeMars, 1964). The author 

suggested that enzyme formation might be responding to either 

increased or decreased concentration of components of the culture 

medium. Used medium evoked five or sixfold increase in the JJ- 

glucouronidase activity of the cultured cells. Repeated determinations 

showed that the use of conditioned medium or medium with 5% serum 

supplement instead of 15% brought net protein increase to a halt, even 

in cell populations below the maximum density, but ^-glucouronidase 

activity continued to increase for at least 5 days (DeMars, 1964).

Many attempts have been made to identify the growth- 

promoting substance(s), but this work has yielded little information. 

The problem has been approached by analyzing the growth capacity of 

a culture when known constituents are added to a deficient medium, 

and by analyzing the growth-promoting substance(s) produced by cells 

into the medium.

Sato, Fisher, and Puck (1957) found that basal medium 

containing dialized serum as a replacement for whole serum did not 

sustain growth of single cells of the S—3 colony strain of HeLa 

cells, but when cholesterol and a variety of coenzymes was added the
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growth-promoting activity was restored.

Neuman and McCoy (1958) effectuated the same type of 

experiment using Walker 256 cells grown in a basal medium containing 

dialized serum. Rapid growth of the cells could be induced by the 

presence of pyruvate, oxalacetate, and 06-ketoglutarate in the medium; 
but addition of coenzyme A, co-carboxylase, diphosphopyridine 

nucleotide, flavinadenine dinucleotide and cholesterol, as Sato and 

his associates (1957) demonstrated, did not improve the response of 

the cells.

Lockart and Eagle (1959) demonstrated that human cell strains 

serially propagated in basal medium containing the essential 13 

amino acids, 8 vitamins, 5 ions, and glucose supplemented with 

dialized serum grew well in heavily seeded cultures. When single 

cells were grown in the basal medium the "nonessential" amino acids 

were required for growth. Serine was the most important of the 7 
'•nonessential” amino acids.

NtTC clone 929, strain L, mouse cells were studied in a protein 

free, chemically defined medium. If any one of the essential amino 

acids except glutamine and glutathionine were omitted no growth 

occurred. The omission of a nonessential component of the amino 

acid— amide— amine— tripeptide— mixture caused a decrease in the 

growth rate of the cells (Sanford, McQuilkin, Fioramonti,Evans, and 

Earle, 1958).

Alfred and Pumper used a line of mouse lung fibroblasts to 

condition medium for the growth of a line of human liver cells. The
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fibroblasts wore adapted to a serum-free medium by Pumper j and 

liberated into the culture medium a proteinaceous substance 

capable of replacing the serum requirement of the liver cells. The 

growth-stimulating factor(s) was non-dialisable, was stable to heat 

at 560 c. for 45 minutes but rapidly lost its activity after that, 
and showed a graded effect in stimulating growth (Alfred and Pumper, 

1960).

The growth-stimulatory factor prepared by Foley (1963) from 

irradiated HeLa medium was not dializable, and resisted boiling.

The activity was reduced by treatment with trypsin for 15 minutes.

The stimulatory substance was not eliminated when the HeLa medium

was treated with deoxyribonuclease and ribonuclease for 1 hour at 37° 

(Foley, 1963).

It has appeared from the preceding work that the substance 

responsible for stimulating growth is a proteinaceous one. In 

separate publications Kutsky has described the separation of high 

molecular weight factors from embryo extract and from adult tissues 

which have a growth stimulatory capacity for certain types of cells 

in tissue culture. The factors were isolated with streptomycin in 

the form of a nucleoprotein fraction. The biological activity of 

this fraction was found to reside in the purified protein fraction, 

while the high-polymer nucleic acid fraction is inert (Kutsky, 1959).

In another case evidence has pointed to the growth-promoting 

factor as being a ribonucleic acid. T.C. Evans in working with 

protozoans found that packets of ribonucleic acid which were liberated
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into the culture medium stimulate the growth of protozoans when 

maintained in this same medium (personal communication).

The problem undertaken in this piece of work was that of 

testing the feasibility of reusing nutrient medium for the growth 

of single, isolated primary marrow explants from mice. Medium 

which has been exposed to an active culture population of NCTC 

strain 2555 for 48 hours or more, then sterilized by Millipore 

filtration, was used as the conditioned medium. The reproductive 

capacity of primary explants in conditioned medium was compared to 

that of primary explants which were seeded over a feeder layer. 

These two experimental groups were compared with a third group 

consisting of primary explants seeded in fresh nutrient medium.
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MATERIALS AND METHODS

Procedure for obtaining the primary explants.— -The femur and 

tibia bones of a freshly killed white Swiss mouse were stripped of 

muscle, removed from the mouse, and placed into a Petri dish 

containing a methyl cellulose, saline wash solution. The bones were 

cleaned of all remaining ligaments and muscle, then placed into a 

second salxne wash solution. The cleaned bones were transferred to 

a Petri dish containing a 0,25% trypsin solution. The marrow cells 

were removed from the bones by placing the needle of a syringe 

through the marrow cavity of the bone and aspirating. The cells 

remained in the trypsin solution approximately 15 minutes, then the 

trypsin solution containing the cells was diluted more than half with 

nutrient medium and centrifuged in a sealed, sterilized centrifuge 

tube for 10 minutes at 2000 r.p.m. or 5000 x  g. The supernatent was 

poured off, and the cells were resuspended in fresh nutrient medium 

by aspirating through a 16 gauge syringe needle. They were again 

centrifuged, the supernatent poured off t and the cells were resuspended 

a second time in nutrient medium . After washing the cells in this 

manner they were dispersed by repeated aspiration to give a homogeneous 

suspension. A cell count was made in a hemocytometer. The marrow cells 

were diluted with nutrient medium to obtain a final concentration of 

1000 cells/ml„ in 100 ml. of nutrient medium for use.

The saline wash solution and all glassware had been sterilized 

by autoclaving at 20 lbs. of pressure and 250°C for 20 minutes. The
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nutrient media and trypsin solutions h ad been filtered through an 

0.22u porosity M i llipore filter. Culture flasks had been sterilized 

b y  exposure to d r y  heat, 175° C for 3 hours.

Culture procedure.--- Replicate cultures wer e  seeded into T-60

culture flasks b y  means of a sterile stirrer burette wh i c h  delivers 

0.3 cc. of cell suspension at a time. B y  constant stirring the cells 

we r e  kept in a homogeneous suspension. The deli v e r y  tube of the 

burette was cleared w i t h  pressurized gas of 93/» air, 5$ C O2c o■ ;.position. 

Ten ml. of m edium was added to the cell suspension so that the fla.sk 

contained approximately 300 cells suspended in 10jj ml. of medium.

The flasks wer e  sealed w i t h  silicone stoppers.

Three different groups of T-60 flasks were prepared in the 

following manner: (l) flasks containing an irradiated feeder layer 

of cells and 10 ml. of nutrient m e d i u m  supplemented w i t h  10$ fetal 

bovine serum w ere seeded w i t h  approximately 300 cells/flask; (2) 

flasks w e r e  filled w i t h  10 ml. of nutrient medium supplemented w i t h  

10$ fetal bovine serum and seeded wit h  approximately 300 cells/flask; 

(3) flasks seeded w i t h  approximately 300 cells/flask w e r e  filled w i t h  

10 ml. of conditioned medium. Groups (l) and (2) were always done on 

the same d a y  using the same cell suspension. A  total of 2h flasks 

in each of these two groups w e r e  seeded on 3 different days. Group 

(3) was seeded on one d ay giving a total of 16 flasks in this group.

The fluid medium of all the flasks w a s  renewed once a w e e k  at wh i c h  

time each culture w a s  gassed w i t h  a mixture of 3$ C O2 in air to adjust 

the pH of the medium. E v e r y  other day the cultures wer e  gassed w i t h
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this same mixture. Cultures were incubated at 37° C jO.l.

Procedure for preparation of the feeder layer.--- The cells

used for the feeder layer were from the NCTC strain 2555. NCTC strain 

2555 is a strain of mouse fibroblasts derived in vitro from a single 

cell of normal tissue origin. Two months after single cell isolation 

several cell lines were separated as multicellular populations; 2 of 

these were continued in culture for 7 years (Sanford, 1959). During 

the first year in culture the lines developed divergent characteristics, 

both morphologic and metabolic. Cells of one line, when implanted 

into mice of the inbred strain of origin, grew as sarcomas in 97% of 

the cases; cells of the other line caused growth of tumors in only 

1% of the mice. These two lines, the high and low sarcomar-producing 

lines, became known as the high and low lines, respectively (Sanford, 

1959). NCTC clone 2555 originated from the low line in 1956. The 

nucleus of a single low line cell divided to give rise to a binucleate 

cell; then apparently the two nuclei fused to give rise to a cell 

having a single large nucleus. This cell slowly grew into a clonal 

population (Sanford, 1959).

Nutrient medium supplemented with 10% fetal bovine serum was 

renewed on 8 flasks containing a monolayer culture of the low line 

cells the day preceeding irradiation. The flasks containing the low 

line cells received a dosage of 4000 r at a distance of 50 cm. The 

filtration used was 0.62 Cu plus 1.0 Al, the half value layer being 

equivalent to 1.5 mm. of Cu. The dose was given in 10 minute 

intervals: the flasks were irradiated for 10 minutes, then the
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machine was allowed to cool for 10 minutes, then the cells were 

again irradiated for 10 minutes. Four flasks were irradiated at a 

time; the time to achieve the dose for 4 flasks was about 80 minutes. 

The medium was not immediately changed on these cells after 

irradiation. Marrow cells were seeded over this feeder layer and 

medium was renewed 1 week later. The cells were gassed with a 5%

CO2, 95% air mixture every other day.

Procedure for preparation of the conditioned medium.— — Cells 

of NCTC strain 2555 were used to prepare the conditioned medium. 

Nutrient medium supplemented with 10$ fetal bovine serum was exposed 

to a monolayer of low line cells for at least 48 hours. The medium 

in which the cells had been growing was poured off into a sterile 

bottle and frozen at -20° C. When approximately 200 ml, of used 

media were collected, the entire volume of media was thawed and 

sterilized by filtering through a 0.22 ja porosity Millipore filter. 

The sterile medium was collected in sterile bottles and stored at 

-20° C. until use. Flasks having cultures fed on conditioned medium 

were treated in a manner identical to those of the other two groups.

Procedure for analysis of cell growth.-— -Two methods were used 

in analyzing the cell growth. The first involved counting the 

number of clones that developed; the second involved counting the 

total number of cells present.

Flasks were examined for growth of clones 20 days after they 

had been seeded. The clones were easily visible using low power 

magnification (35x). A  clear plastic grid attached to the bottom
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of the flask permitted simple and accurate analysis. The number of 

clones was indicative of the number of cells which were able to 

divide and proliferate to form a colony or clone. The results from 

this assay were expressed as the number of clones microscopically 

visible/the number of cells seeded in the flask. The decimal 

multiplied by 100 expressed the plating efficiency in per cent.
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EXPERIMENTS AND RESULTS

P r i mary cells trypsinized from long bones of wh i t e  Swiss 

mic e  w er e  dispersed in replicate numbers into 3 groups of flasks:

(l) 500 cells/flask i n  fresh medium, page 1)4.5 (2) 500 cells/flask
in conditioned medium, page 165 (3) 500 cells/flask over a feeder
layer of irradiated cells, page 15» NCTC strain 2555 cells were 

used for conditioning the medium and for the feeder layer.

Cell mor p h o l o g y  and growth patt e r n .--- Cells freshly obtained

from the marrow cavity of the bone wer e  spherical and their cytoplasm 

was clear. After 11 days of culture over a feeder layer the cells 

were evenly distributed over the floor of the flaskj th e y  remained 

spherical, but the cytoplasm w a s  more granular than before. Numerous 

giant cells were observable wh i c h  differed from the m a j o r i t y  by a 

large area of extended cytoplasm and a large, dense nucleus. These 

same cells, after approximately 18 days in culture, became fibroblast

like in appearance (see appendix B, figures 1, 2). The cells wer e  

loosely associated as patches of cells and h ad not formed compact 

clones at the end of this period. After 20 days in culture over a 

feeder layer, microscopically visible clones were established (see 

appendix B, figures 3j li)« The clones became macroscopically visible 

after 1 month of growth.
Cells seeded in fresh medium and conditioned m e d i u m  divided 

w i t h i n  the first week after being put into culture. Determinations 

wer e  made b y  cell counts/microscopic field. However, b y  11 days they
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had assumed a starved appearance; that is, the cytoplasm of the cell 

was greatly reduced so that the cells appeared as bare nuclei. They 

were found to be still living by separate introductions of 0.1$ 

methylene blue solution and 0 . 1%, erythrosin B solution. All cells 

took up methylene blue, but only those that were living were 

capable of reducing it, so that after a short period of time the 

living cells became clear in appearance as before. Only dead cells 

took up the erythrosin B dye.

After 18 days in culture in fresh medium and conditioned 

medium, a few patches of cells were visable microscopically. Compact 

clones were not formed. These cells did not have the fibroblast

like appearance that was characteristic of the cells seeded over the 

feeder layer.

Analysis of population increase. — The results of the study 

have been summarized in the following table:

Cell
Snvironment

No. of 
Samples

Plating 
Efficiency 

per 100 cells)

±  SE No. of cells 
seeded/flask

Ave. No. of 
clones/flask

Fresh
Medium

8 0.0$ 0.0 500 0.0

Feeder
Layer

8 15.6$ 23 „5 500 78.0

Jonditioned
Medium

16 0.2$ 0.4 500 1.1
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DISCUSSION

One of the problems encountered in analyzing the growth 

capability of a particular cell culture is that of determining 

how many of the original primary cells seeded in the flask actually 

give rise to the population which is measured at the end of a 

determined period of time. The use of a feeder layer permits one 

to obtain a greater plating efficiency of the primary cells, but it 

is possible that one or more cells from the feeder layer may divide

to increase the total population of cells and also contaminate the 

culture.

In the present work one of the 8 flasks which was being 

prepared with primary marrow explants over a feeder layer was treated 

in the same manner as the other 7 except that no marrow cells were 

introduced. This flask, containing an active culture of NCTC strain 

2555 cells, received 4000 r of irradiation at a distance of 50 cm. 

Eighteen days later a monolayer of highly-vacuolated, granulated 

cells covered the floor of the flask. This population of cells, as 

compared with the other 7 seeded with marrow cells on the same day, 

was metabolically more active evidenced by the fact that the color 

of the phenol red indicator in the medium turned yellow before the 

termination of the week. The yellow color of the indicator showed 

that the medium in this flask had become more acid than before; the 

media of the other cultures remained pink the entire week. It is 

possible that the pointed end of this flask was not within the field
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of the x-ray machine leaving a small number of cells unirradiated.

At least this case demonstrates that only a few cells are required 

to give rise to an entire population. As a result the other 7 flasks 

in this group were eliminated from the experimental results.

The most frequently used method today of analyzing the growth 

capability of a population of isolated cells is that of counting 

clones for determination of the plating efficiency. Cells which are 

capable of dividing will form a clump of cells or a clone. It is 

assumed that each clone is derived from a single cell, and that 

cells from one clone do not migrate out to form another separate 

clone. If the cells have migratory capabilities, it is also possible 

that two isolated cells could migrate next to one another to give 

rise to a single clone. Therefore cells which have even slight 

migratory capabilities can give data which indicates either a higher 

or a lower plating efficiency than what is actually true.

Another means of assaying the reproductive capacity of a 

population of isolated cells is by counting the total number of 

cells at the end of a determined period of time. This is done by 

trypsinizing the cells from the glass, and a representative portion 

is counted in a hemocytometer chamber. This method gives only an 

indication of the total increase in cell number. One has no way of 

knowing if 90% of the original cells introduced into the flask gave 

rise to the total population, or if only 10$ of the original cells 

gave rise to the total population. This method cannot be used for 

determining plating efficiency, particularly when using primary explants.
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Primary explants are known to yield much lower plating efficiencies 

than cells of established cell lines.

Cultivation of primary cells involves a matter of selection 

for cells which are better adapted to the in vitro conditions. 

According to Zaroff, Sato, and Mills (1961) plating efficiencies of 

the fresh tissues were much lower than the values commonly achieved 

with established culture lines: efficiencies of primary explants 

varied from 1.5 x  10“6 for rat marrow to 2.0 x  10“4 for rat kidney 

as compared to 100 % for HeLa. Their work done with primary spleen 

cells shows that one of every 10^ single cells gives rise to a 

colony.

In view of the small number of cells within a tissue which 
contribute to culture growth, it is possible that those 
cells which do reproduce in culture represent a distinct 
type of cell characterized by ability to grow under conven
tional in vitro conditions. In this case plating efficiencies 
would be a measure of the fraction of cells within the 
tissue which are of this type.(Zaroff, Sato, and Mills, 1961X

Chang also made a comparative study of the growth of primary 

and transformed human cells in vitro. It was found that 5 types of 

human tissues when freshly explanted in vitro were found to have 

varying, but limited growth potential in contrast to the autonomous 

and apparently unlimited growth of the transformed cell (Chang, 1961).

Another factor to be considered when analyzing the reproductive 

capacity of cultured cells is that of the culture medium. Comparative 

studies made on the same strain of cells using different media has 

shown that cell growth changes with a change in the medium used.

Work done in this laboratory using Ehrlich1s Ascites cells has shown
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that under the same conditions the Ehrlich Ascites cells grew better 

in nutrient medium supplemented with 15% horse serum than they did 

with either 10% or 5% horse serum in the medium. Those grown in 1% 

horse serum grew least well of the four groups tested.

According to Ely and Gray (1960^ Krebs Ascites tumor cells 

failed to survive longer than 24—48 hours in a culture medium 

supplemented with calf serum and chick embryo extract, but when the 

chick embryo extract was omitted excellent cultures were obtained.

It has not been determined if the differing responses is a 

quantitative effect or a qualitative one, or both.

Cailleau and Costa (1961) demonstrated that changes in 

morphology, cell size, and chromosome number of Ehrlich Ascites 

tumor cells occurred with variations in the media used. Cells grown 

on fetal calf serum were predominately small and spindle-shaped 

with a chromosome number ranging around a median of 65. Cells g r o w  

on ascitic fluid medium and later cloned were frequently 

multinucleate, larger, amoeboid in shape, and often contained a higher 

number of chromosomes.

The frequent presence of giant cells in a culture has been 

related to nutritional factors. Marcus, Cieciura, and Puck (1956) 

have expressed that this phenomenon reflects some inadequacy in the 

medium. This is a possible explanation for the presence of the 

giant cells observed in the primary marrow cultures used in this work. 

The development of giant cells following a toxic change in the 

nutrient medium has been observed often in tissue culture (Marcus,



et. a l . , 1956)o Most of the cells growing in the flask which had 

been irradiated were highly vacuolated, giant cells. The cells 

remaining alive after irradiation would have been exposed to a 

medium which was highly toxic due to release of toxic products by 

the cells immediately following the irradiation treatment.

Knowing that the composition of the medium does affect the 

growth of a population of cells, Khanina, Etingof, and Fedotova 

(1959) examined the possibilities of reusing nutrient medium for 

the growth and maintenance of large populations of cells. It was 

found that the primary kidney explants from monkey grew as well in 

the "regenerated” or conditioned medium as they did in fresh medium.

Deschner and Allen (1960) performed a similar experiment 

using small populations of isolated cells. Sixty-millimeter Petri 

dishes were prepared with 0.5 ml. of fresh medium to which approximately 

500 Ehrlich Ascites tumor cells were added. Growth and division did 

not appear to occur, but the cells grew well if used medium was used 

in place of the fresh. Five days later a cell count showed that 

approximately 10,000 cells were present.

In conjunction with the capillary technique, Sanford (1948) 

also used conditioned medium for the growth of cells that proliferated 

from the open end of a capillary tube onto the floor of the culture 

flask. She found it necessary to use the conditioned medium in order 

to maintain the cell population.

Puck (1956) and Foley and associates (1963) added irradiated 

cells to the medium bathing strain cells in order to enhance the growth

24
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capacity of the latter population* P u c k’s method has been w i d e l y  

used to promote initial cell growth* F o l e y  observed that the 

stimulatory action o f  the irradiated cells w as proportional to the 

number of irradiated cells introduced.

Under certain conditions, used m e d i a  can promote growth 

of cell cultures. The reuse of me d i a  from EtCTC strain 2555 using 

the simplified techniques described in this paper does not effectively 

stimulate the reproductive capacity of the p r i m a r y  explants. It 

m a y  be that t he stimulatory factor is used b y  the conditioning 

cells themselves or that these actively growing cells do not 

elaborate the substance in high enough concentrations to be effective. 

It might be possible that giant cells elaborate the substance in 

sufficiently large quantities, or that irradiated cells w o u l d  be 

more efficient as conditioning cells since division is inhibited and 

the possible growth-stimulatory substance would n ot be used.

4LUMNÍ MEMORIAL LIBRARY
Creighton Uftiirerwty 

Omaha, Nebraska 681.2!14.1.660
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SUMMARY

Growth rates of replicated cultures of primary marrow 

explants maintained in 3 nutritional environments were compared:

500 isolated cells were seeded in 10 ml. of fresh nutrient medium 

supplemented with 10% fetal bovine serum; replicate cultures of 

isolated cells seeded over a feeder layer of irradiated NCTC 2555 

cells in fresh nutrient medium with 10% fetal bovine supplement; 

replicate cultures of isolated cells in medium which had been 

exposed to an actively growing culture of NCTC 2555 cells. This 

comparative study has shown that there is little difference between 

the growth rate of the cells in used medium and in fresh medium. 

Isolated cells grown over an irradiated feeder layer proliferate to 

form clones in 20 days. The plating efficiencies are 0 % for cells 

in the fresh medium, 15.6 %  for cells growing over the feeder layer, 

and 0.2 % for cells in the conditioned medium. The problems 

encountered in analyzing population growth rates were discussed and 

the evidence for possible growth-stimulatory substances was reviewed.



APPENDIX A

Solutions 

Nutrient Medium

NaCl
gm./l.

6.50
KCl 0.29
MgS04 *7H20 0.21
Glucose 2.00
CaCl2 0.14
Na2HP04 0.15
NaHCO,
Lactalbumin

2.06
5.00

Phenol red 0.03

Trypsin Solution

gm./l.
NaCl 9.00
NaH2P04 0.04
N a 2HP04 0.29
Trypsin 2.50

Viability Stain

gm./l.
NaCl 9.00
NaH2P04 0.04
N a 2HP04 0.29
Erythrosin B 1.00

Saline Wash Solution

gm./l.
NaCl 9.00 
NaH2P04 0.04 
N a 2HP0j 0.29 
Methyl cellulose 10.00



APPENDIX B

Figure 1,-— After 18 days in culture over a 
feeder layer the primary marrow explants have 
divided to form patches of loosely associated 
cells. X  35

Figure 2.— -The primary marrow cells have a 
fibroblast-like appearance after 18 days in 
culture over a feeder layer. X  100



Figure 3.— -The photograph shows a single 
clone of primary mouse explants from mouse 
after 21 days in culture over a feeder layer. 
X  35

Figure 4.--- Some of the clones showed a dense
cluster of cells in the center of the clone. 
Migration outward from the original point of 
clone formation can be seen. X  100
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