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The significance of tissue culture is that an under-
standing of animal physiology will come from a 
study of the basic elements of the animal (the cell) 

in isolated, pure form (clonal culture), under defined 
conditions (hormonally defined media).  This should be 
the fundamental approach to animal physiology for the 
foreseeable future.

The problem with this formulation in 1958, when I began 
work on tissue culture, was that cells in culture did not 
display the differentiated properties of the tissue of origin.  
It was universally believed that cells in culture “dedifferenti-
ated” to a common tissue culture type.  This would greatly 
reduce the usefulness of tissue culture.  In the only experi-
ment ever done to test the dedifferentiation hypothesis, 
we plated freshly isolated liver inoculum in the presence 
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Preface
The following essay is being published as an Opinion / Editorial by Gordon H. Sato, Ph.D.  Dr. Sato is one of the most prominent 
and respected scientists in the history of animal cell culture, and we are honored to present his thoughts in this manner.  At a later 
date, he will be publishing more detailed manuscripts on his work. – Keith L. Carson, Publisher
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of antiserum specific for liver parenchyma or antiserum 
specific against fibroblasts.  The result showed that the 
lack of differentiated properties in the culture was not due 
to dedifferentiation but to the selective overgrowth of the 
small minority of fibroblasts found in the inoculum.  This 
so enraged the tissue culture establishment that I received a 
letter from the American Cancer Society saying that I should 
never apply to them for a grant again, and members of the 
tissue culture society were loudly proclaiming that they 
should buy me a microscope so that I could see liver cells 
turning into fibroblasts.

The next step was to apply enrichment culture techniques 
to overcome the selective advantage of fibroblasts.  This 
was done by alternating the passage of differentiated 
tumors between culture and animal to select for culture-
hardy tumor cells.  When this was done, a large number of 
cultures were established that displayed the differentiated 
properties of the tissue of origin.  The dedifferentiation 
hypothesis was dead.

The next step was to define the conditions for growth and 
survival of cells in culture, above and beyond the nutritional 
requirements that had been worked out so competently by 
Dick Ham with his F12 medium.  Izumi Hayashi showed 
that growth-hormone secreting cells could be grown in F12 
medium plus six factors — mostly hormones.  This set the 
stage for tissue culture and hormonally defined media for 
contributing in a major way to animal physiology.  However, 
the concept of functionally differentiated cells in hormon-
ally defined media contributing to animal physiology has 
been slow to be accepted by the scientific community.  This 
has been a major advance in endocrinology and cancer biol-
ogy, yet the Cancer Society and the Endocrine Society have 
never held a session on the topic in the thirty years from the 
work of Izumi Hayashi.  

The book, The Culture of Animal Cells, by Fresney, repre-
sents the common view of tissue culture held by the scien-
tific community.  It does not even consider the possibility 
that functionally differentiated cells in hormonally defined 
media could contribute to animal physiology.  Moreover, it 
treats the definition of hormonal requirements as an exten-
sion of devising serum-free medium.  It is not.  If the mix-
ture of hormones is a replacement for serum, then serum 
should replace the mixture of hormones.  In many cases, this 
is clearly not so.

It is my contention that adoption of our tenet of tissue cul-
ture will result in a huge increase in research opportunities 
and rapid progress in understanding animal physiology.  
Growth factors should be considered to be hormones that 

were discovered by a whole new technology.  Hormones 
that have been discovered by culture methods include 
somatomedin, by Salmon and Daughaday, and NGF, discov-
ered by Levi-Montalcini.  They did not need clonal strains 
because of the specificity of sulfur uptake by cartilage cells 
and extension of neurites by nerve cells.  Clonal strains 
will be needed for future work.  Examination of in vivo 
effects of growth factors presents great opportunities for 
research.  Autocrine factors are best discovered in vitro and 
are often considered in vitro artifacts.  Their in vivo effects 
can be studied by antibodies to the factor or to its receptor.  
Some cells require in-culture hormones for which they are 
not known to be targets.  Growth-hormone secreting cells 
need somatomedin.  The effect of somatomedin on growth 
hormone cells in vivo should yield new knowledge and 
understanding of the complexity of multi-factor regulation 
in vivo.  The mechanisms of hormone action are most effec-
tively studied in vitro, as exemplified by the work of Stanley 
Cohen.  It is unlikely that mechanisms that operate in vitro 
do not operate in vivo.

The definition of the hormonal requirements of tumor 
cells catalogues their vulnerabilities.  Normal tissues, when 
deprived of their trophic hormones, shrink.  But when the 
hormone is restored, the tissue returns to normal.  Cancer 
cells are unlikely to be so resilient, as shown by the work of 
Francoise Kelly.  She showed that when 3T3 cells have cell 
division blocked by cytochalasin, they make two nuclei and 
stop.  When the cytochalasin is removed, the binucleated 
cell divides to form two normal cells.  When SV3T3 cells are 
treated with cytochalasin, nuclear division continues and the 
multinuclear cell dies.

I was attracted to the possibility of making a monoclonal 
antibody to the EGF receptor by the knowledge of LATS.  
LATS is the long-acting thyroid stimulator that is an auto-
body to the TSH receptor and that mimics TSH.  We showed 
that the antibody kills EGF-dependent human cells in culture 
and the tumors they form in nude mice.  John Mendelsohn, 
who was a guest in our laboratory, took this knowledge, 
unbeknownst to us, and formed a highly successful com-
pany.  This illustrates another aspect of this view of culture.  
It can be financially lucrative.  It any event, it seems to me 
that anti-cancer drugs in the future will be antibodies to the 
receptor of hormones required by cancer cells in vitro.

Finally, serum-free medium should be dropped in favor 
of hormonally defined media.  Instead of cell culture, tis-
sue culture should be used because we are in the era of the 
culture of tissue specific cells.  Growth factors should be 
recognized as hormones discovered by a radically new endo-
crinological technique.




