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In Symposium I, the theme was "Cell Culture for the Study of 

Differentiation and Cell Cycle." In Symposium II, the theme was 

"In Vitro Stimulators of Growth." In the symposium this morning, 

the theme is "Large-Scale Production" of tissue cultures when the 

cells are to be used for production of viruses for cell antigens. 

One of the advantages of this Congress, where we all have re-

flected on tissue cultures, is the fact that we have an opportuni-

ty to talk with people who use tissue cultures for such a wide 

variety of purposes. It is indeed interesting to contemplate the 

developments that have already taken place in this field and, 

even more important, those that will surely take place in the fu-

ture. Some of us have been concerned with production of cells 

for producing viruses, and we therefore are really fascinated by 

the studies on use of cells in relation to growth factors and for 

the production of enzymes. We can even contemplate the produc-
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tion of a variety of biological products in large-scale tissue 

culture systems or even perhaps tissue for repair in cases of 

trauma. 

Carrel was among the first to show that tissue cells might be 

grown almost like microorganisms. Enders and his associates 

showed that cells cultivated in vitro could be used as a substrate 

for the multiplication of poliomyelitis virus; and a few years 

later, Earle and his associates succeeded in growing single cells 

as monolayers on glass. Since that time the in vitro cultivation 

of tissue cells has become a general tool for the production of 

virus vaccines and viral products. Generally, established cell 

lines are used for this production, and they can be subcultured 

indefinitely in vitro and in many instances can be grown in sus-

pension. BHK cell lines are used extensively for the production 

of foot-and-mouth disease virus. Established cell lines are 

rarely diploid; therefore, they are not allowed for use in pro-

duction of human virus vaccines. Rather, the primary cell cul-

tures are used for this purpose. Hayflick and Moorhead developed 

diploid cell lines, starting with human embryonic tissue. These 

cells may be propagated many times but still retain the diploid 

karyotype and can be tested for extraneous viruses and oncogenic 

activity; however, the fact that the cells grow only on monolayer 

culture presents a problem of space in large-scale cultivation. 

Because the limiting factor in growing cells in monolayer culture 

is the surface, many workers have developed culture systems in 

which larger culture areas are available for the cells. Examples 

are roller bottles, perfusion systems, multi-surface propagators 

and microcarrier. This morning we will hear about cultivation of 

cells in suspension and in microsphere culture. 
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I. SUMMARY REMARKS 

We have heard this morning from Dr. Girard (FAO-Ankara, Tur-

key) about problems encountered in large-scale production of 

cells for virus production. These problems may be manifold, es-

pecially in the developing countries. One of these problems is 

the quality of water and steam. The availability of serum in 

quantity and quality is a special problem in the large-scale cul-

tivation of cells. Contamination is the scourge of serum produc-

tion, especially when large quantities are required. Another 

problem in large-scale tissue culture production is the cell that 

is being used. For example, each institute may now have its own 

BHK cell, originally described by MacPherson and Stoker. Samples 

of such cells from various institutes look different, have dif-

ferent multiplicities and produce differing plaque types of FMDV. 

Therefore, Dr. Girard has suggested that cells should not be used 

when repeatedly passaged in suspension. Finally, one must also 

be mindful of the quality and quantity of virus from the cultures. 

Dr. Acton, one of our hosts, discussed the operation of a 

large-scale tissue culture unit in which murine lymphoblastoid 

cell lines are propagated in suspension. Dr. Acton described the 

new cell culture laboratory at the University of Alabama. He 

stressed the importance of the control of the many factors af-

fecting cell growth, such as pH and dissolved oxygen. The pur-

pose's of the cell center are to produce lymphoblastoid cells for 

the differentiation of alloantigens, T. L. and Thy-1 components 

of the cell membrane. The qualitative and quantiative measure of 

these alloantigens reflects the differentiation state of the lym-

phoid precursor cell that normally matures in the thymus. The 

Thy-1 antigen was also identified on nerve tissue and epidermal 

cells. 

Dr. Nyiri (Fermentation Design, Inc., Pennsylvania) discussed 

the fact that the technology is now available to measure and reg-

ulate by computer, the different physical and biochemical param-
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eters in a biological system such, as a cell culture. In his dis*-

eussions, he gave examples of how, with information on oxygen 

utilization and carbon dioxide production, these data could be 

used to calculate the respiratory quotient. This quotient could, 

in turn, be adjusted for the optimum for cell growth by regulation 

of the components of the media. 

Dr. Levine (M.I.T., Cambridge, Massachusetts) described appli-

cation of Van Wazel's 1 9 7 3 report concerning DEAE sephadex beads 

as a mobile support for growing cells in suspension. The beads 

are pretreated with carboxymethyl cellulose to saturate absorption 

sites that might otherwise remove nutrients from the medium. 

Cells grow on these microspheres at concentrations ranging up to 

2 x 1 0
6
 cells per ml. The cells are trypsinized off the beads, 

and there is 95% viability. The method promises to be applicable 

to many cell types and to have great potential for expansion if 

synthetic beads with better physical characteristics can be ob-

tained. 


