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serum-containing media and then maintained in serum-free 
culture for several weeks. In growth and development stud- 
ies, the use of serum-free medium has a distinct advantage. 

Unfortunately, established cell lines have one big disad- 
vantage. During the process of establishing these cells in 
culture, they adapt, possibly through gene mutation, and they 
may do some strange things. They may have some artifacts 
and the cells may not be like the cells they are supposed to 
reflect in the animal. A classic example is the 3T3 cell which 

is an adipocyte model. This was derived from a fibroblast 
clone. During the process of adaptation, the fibroblast devel- 
oped a surface antigen that is a marker for endothelial cells. 
This fibroblast behaves a little bit like an endothelial cell. 
Things can get a bit confused, particularly for cells that have 
been transformed by a virus. They are not even normal cells 
any more, but tumorigenic cells in culture. By the same 
token, with some judicious care and selection, an established 
cell culture can be secured that will do what is desired. 

Discussion 

Question: Could you give me an example of an organ or 
tissue culture as illustrated in your first figure? 

Novakofski: An example of an organ culture is cornea 
culture, but there are a number of others. The intact cornea 
of the eye can be placed in culture. An example of tissue 
culture would be skin culture. If you think of skin as being an 
organ covering the body, an organ culture for skin cannot be 
done. A piece of the skin can be cultured so that it maintains 
the same architecture that it has in the organ. In other words, 
that piece of skin in culture will maintain a skin structure. 

Question: This may be a matter of semantics, but can you 
call this an isolated organ preparation? 

Novakofski: Yes, you can. People call these all sorts of 
things. There is nothing binding in any journal publication. 
People typically use what they like. It doesn’t really matter 
except what the function is, regardless of the semantic 
question. If you want to look at the entire organ, then you 
have to do an organ culture. If you want to look at some other 
behavior, it is just tissue. 

Question: In my kind of business, we perfuse organs. Is 
this considered a tissue culture? 

Novakofski: If it is a situation where conditions allow cells 
to divide, and cells are not losing proteins, than it would be a 
tissue culture. For example, in a heart preparation, if you 
could induce some fibroblast proliferation, and if the tissue is 
maintained in some positive nitrogen balance, it would be a 
tissue culture. However, if you are just maintaining cells at 
zero nitrogen balance or zero division potential, it would be 
called an incubation. There are a number of literature 
references that interchange terms. For instance, in adipose 
tissue cultures where cells are in culture for 12 hours, a more 
appropriate term is incubation. This is where the terms are 
difficult to categorize. 

Question: What determines whether cells in secondary 
cultures become senescent or continue to grow in culture? 

Novakofski: The answer is probably a random mutation. 
You can enhance the process by putting in carcinogens or 
mutagens - anything which will make the cells mutate and 
adapt. By the same token, if you want to establish a culture, a 
handy way of starting out to make an established culture line 
is to initiate the primary culture from a tumor. A large number 
of pituitary cell lines which secrete growth hormone and 
respond to GHRF or TRH were established from either 
naturally occurring or induced pituitary tumors. 

Question: Did you say how you got rid of enzymes? 
Novakofski: There are two ways to get rid of them. The 

easiest way is to add serum because it contains serine 
protease inhibitors which stop enzyme activity. Another way 

is to centrifuge the cells down, and remove the medium 
supernatant which contains the enzymes, then resuspend 
the cells in fresh medium. This does not always work be- 
cause some cells do not go to the bottom of the tube. For 
example, adipocytes go to the top and you can never get rid 
of all the enzyme mixture. Serum must be added in this case. 

Question: Is cell culture limited to eukaryotes? 
Novakofski: I am not sure. It is the way I use the term. I 

would call cell culture of a prokaryote a bacterial culture but 
this may be an elitist attitude. 

Response: I object! A prokaryote is a cell that does not 
exhibit a classical mitosis, therefore virus and bacteria are 
prokaryotic. Eukaryotes are cells that do exhibit mitosis and 
they are the cells of plants and animals. Most of the cells that 
are carried in tissue culture are cancer cells that are 
nucleated and reproduced. They obviously were derived 
from eukaryotic sources. 

Question: I never understand the nomenclature of these 
cells. I see papers in journals and they all have fancy names 
with numbers and symbols and initials and Greek letters and 
Roman letters and I am confused by all this. Would you 
explain? 

Answer There is no rational basis for all of these names. 
Nothing is quite so handy as the Latin names for bacteria. 
What it boils down to is that there is no standardization. If I 
were to go out and make a cell line such as the gopher 
cheek-pouch cell line, I might call that the REA cell line in 
honor of Ron Allen or the REA-CP cells for Ron Allen cheek- 
pouch cells. This would be just fine. If I started using these 
cells and used this nomenclature, that is what they would be 
called. Some people have used some rationale. For exam- 
ple, the 3T3 cells were named for the way the cell line was 
established. Cells were split in a 1 to 3 ratio every third day. 
Unfortunately, most cells are not named this way. 

Response: It took me several years to learn what Hela 
cells were. 

Novakofski: Hela cells stand for Helen Lane. 
Response: Her cervix is immortal because it is a cancer 

cell. 
Comment: Not all these cells are tumor cells. There are a 

large number of lines that are not. The difference is typically 
what is referred to as transformed- or nontransformed-cells. 
The distinction in culture is that the transformed-cell line may 
be tumorgenic in animals and it does not usually exhibit the 
density-dependent inhibition of growth or the contact require- 
ment for growth. The cell may grow in a suspension culture. 
3T3 cells and a large number of others are normal cells in 
that one can place them in nude mice and they will not form 
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tumors. 
Question: In reference to primary cultures, when you are 

harvesting cells according to a textbook, I have read that one 
always digests, spins and washes the cells with cold Hanks, 
and this seems to be a rough treatment on the cells. Why 
should we wash with cold Hanks? 

Novakofski: I never keep anything cold. In fact, I usually 

Response: Maybe that is what my problem is. In our liver 
perfusion, we digest and then harvest the cells with cold 
Hanks washes. I checked with some of the cell biologists and 
they said that one of the worst things you can do to cells is 
subject them to cold shock. 

Novakofski: A couple of comments about cold solutions. 
For some cell lines such as the one we work with called GH3, 
a growth hormone secreting tumor line, a handy way to get 
cells off a culture plate if you don‘t want to use enzymes is to 
just put them on ice and the cells round up and start coming 
off. Sensitive cells are generally put on ice before you 
trypsinize them to make them come off more readily, and it 
reduces the damage from the trypsin. As far as I know, cells 
do not like being cold. I prepare isolated adipocytes for 
culture and this is done by putting them into a cold collagen 
solution. If these cells are put on ice in a small tube, they die. 
I cool them down slowly in a 50 ml centrifuge tube. Other- 
wise, 80% may show lysis. 

. warm it up! 

Question: How do you remove a radioactive label? 
Novakofski: Put in a lot of cold compound. You are prob- 

ably not labeling with a very high dose and you could wash 
with 100 pI thymidine which would probably be in 500 fold 
excess of what you label specific activity, and in one wash, 
the stuff would be gone. Also, when using Hanks, you must 
be washing them about 10 times. 

Allen: I wish to comment on the use of cell lines. I tend to 
be on the other extreme from Jan. I do not like cell lines very 
much. You really don’t know what is going on. By definition, 
when a cell becomes immortal, it is no longer normal. Since it 
divides on and on in culture, its growth control or regulation is 
obviously abnormal. I would use real caution when using cell 
lines in bioassay situations. Also, some cell lines tend to drift 
a little bit. A particular example is the L6 muscle lines that a 
lot of people may be using or thinking about using. You have 
to be very careful with them because of this drift. You have to 
take precautions and pass them before they get too thick or 
otherwise you may get differentiation, and when these cells 
differentiate, they no longer divide. Consequently, the cell 
population that can behave more like normal muscle cells is 
diminished. Dr. Dayton at Minnesota has spent several years 
trying to come up with a usable, repeatable assay system 
with L6 cells. I wish he were here to explain their problems. 
They pass twice per week and only use passages 3 through 
7 because they found that if they go beyond a certain number 
of passages, their results are less dependable. I think Dennis 
Campion has used some cells from American Type Culture 
collection, and that particular set of L6 cells (at least the ones 
that we have) changed enough so that we were never able to 
get them to differentiate completely. You must be careful 
when using cell lines. For certain things, they are good, but 
you have to know whether the cells are responding in a 
normal way. Whatever the biological activity that you are 
looking at, you have to make sure that it is authentic for that 

cell type and is behaving and regulating normally, whatever 
“normal” may be. You can incorporate cell lines into your 
research. We often use them to take advantage of their 
convenient features, but we verify whatever we find with the 
cell line by going back to a primary culture system because 
you could be led astray. The primary cells probably give you 
a more accurate reflection of what the authentic cell is doing 
in vivo. Also, we have a defined medium for use in our 
primary muscle cell culture which gets around the disadvan- 
tage of having unidentified serum components in the 
medium. 

Novakofski: Those are good points. I did not mean to 
sound like an over-proponent of cell lines for the very rea- 
sons that you have given. 

Question: What type of technical support or people do you 
need in order to do this sort of thing, especially if you are 
going to be gone to meats conferences or take a vacation? 
Secondly, what do you do in the case of power failure or 
equipment breakdown, as this often happens at universities 
when the back-up systems do not function? 

Novakofski: This really depends upon what scale of sys- 
tem one goes in for. If one is going to spend a lifetime 
culturing cells and one has a cell line that is so critical that if it 
dies, five years of research is lost, several back-up systems 
should be used. If one grows primary cultures, it is no big 
deal when the power goes out or the CO, runs out. Some 
cells are lost but the most you might lose is a week or two of 
work. As far as technical help, again this depends on how 
heavily involved one gets. If one wants to do it a little bit on 
the side to test some compounds, it does not take any 
extraordinary amount of training. To be good at it, one needs 
to practice, as with anything else. A reasonably competent 
bacteriologist would be competent in cell culturing. 

Allen: If you have a technician or a graduate student, you 
can maintain your system. We usually rotate the schedule so 
that the same person doesn’t have to come in every week- 
end. It does require constant maintenance but it’s not a big 
chore. 

Novakofski: One thing about cell culture is that it really is 
not an “artsy-craftsy” sort of thing. It is really not any more 
difficult than any other technique. It just takes a little different 
way of thinking about it. 

Question: For those of us that are dealing with primary 
cultures, what suggestions do you have for dealing with the 
nemesis of fibroblast contamination? 

Allen: We have dealt with it in a couple different ways. We 
used to do some work where we looked at muscle protein 
accretion in culture. To do that, we selected a protein that is 
specifically made by muscle cells, but not made by fibro- 
blasts. Even when we have mixed cultures, muscle cells and 
fibroblasts, we selectively monitored the muscle specific 
isozyme of actin which is not made by the fibroblasts. Study- 
ing cell proliferation is a little more difficult because most 
would prefer to do that with a DNA assay or a Coulter 
counter, and if you have a large population of fibroblasts, it 
cannot be done very well. We have devised some peculiar 
little procedures that allow us to follow proliferation of muscle 
cells for a particular period of time, and then make some 
shifts in the medium conditions that would stop proliferation 
of muscle cells, convince the muscle cells to fuse or form 
multinucleated cells, and then count the number of nuclei in 
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these multinucleated cells. This assumes that you are not 
getting much more division after you make the medium 
change. In that case, you are not counting mononucleated 
fibroblasts, but only those that had the ability to form a 
muscle cell. That is quite tedious and requires a lot of 
microscope work. You don’t move very fast. 

Dennis Campion: You still have not solved the problem 
with the presence of fibroblasts during the time that you are 
looking for a mitogenic reaction. Those fibroblasts may be 
contributing to the mitogenic activity you see. 

Allen: That is a very good point. What Dennis Campion 
just said is that most cells will produce some sort of growth 
factor, particularly fetal animal cells. These fibroblasts may 
produce somatomedins and create a real mess. As far as I 
know, there are not any handy column chromatography or 
centrifugation techniques that allow one to selectively sepa- 
rate fibroblasts from other cells. One reason may be that 
fibroblasts are not a particularly competent cell type. In terms 
of their properties, they are sort of a nonspecific cell, much 
like progenitor cells in general. 

Campion: There are some systems where fibroblasts are 
not a problem. 

Question: What types of serum do you use? 
Novakofski: The two most common sources are fetal- 

bovine and horse serum. Horse serum is easy to obtain and 
companies just go out and bleed horses. Fetal-calf serum 
comes from fetal calves at slaughter plants. The price of 
fetal-calf serum is high. There is usually a shortage in parallel 
with the cattle cycle. The cost runs from $150 to $200 per 
liter. So, the next time you see someone selling a pregnant 
cow for slaughter, the packer may receive a few hundred 
dollars for the serum in the calf. People use all sorts of serum 
for culture. Human serum may be used. What one uses 
depends upon what is available. Cat serum has the property 
that makes it behave differently in adipose cell lines than any 
other sera. 

Question: I imagine it is pretty critical to stick to the same 
serum throughout a study. 

Novakofski: This is very critical. You don’t want to be 
playing around with it during a particular experiment. If you 
want to keep primary cultures alive, you can switch to differ- 
ent sera so the cells won’t die off. If you try this switching with 
secondary cell lines, the cells really suffer. Another consider- 
ation about serum is that its properties may be influenced by 
how it was collected and.whether the animal was fed, fasted 
or stressed. 

Comment: I know this is true with liver and maybe 
adipose. If you select your centrifugation speed, you can 
separate out the cells from parenchymal cells. You can really 
clean the prep. 

Novakofski: That is a good point. During this process of 
centrifugation and filtration, if one is careful, one can get a 
better prep. One can also plate for different times in the case 
of myoblasts and fibroblasts, as myoblasts attach less readily 
and allow fibroblasts to attach and then take the myoblasts 
off. Anything one can do at this point really helps, because 
there is a mixture of cells. 

Response: In going back to trying to get a homogeneous 
population, I think maybe one could be more successful with 
the contaminating cell type. I know with the parenchymal 
cells, we could tell by looking at the kinetics of the specific 

enzymes that we had obtained fairly homogeneous popula- 
tions. In fact, that’s why we were doing it, separating a liver 
type enzyme from a non-liver type enzyme. I don’t know how 
it may be done, maybe just differential centrifugation as a 
separation step would decrease the problem of fibroblasts. 

Novakofski: It can be a real problem. We spent about six 
months using various percol gradients trying to separate 
them out. They really don’t separate. There are people in 
France who have spent years trying to do this, and they have 
prepared several different cell lines. The problem is that the 
gradient-based separation in my system has to do with the 
amount of lipid in the cell. Cells don’t accumulate lipid until 
they start to differentiate and if one is looking at a precursor 
cell without lipid, things get difficult. Some of these centrifu- 
gation approaches may help to clean up these preparations, 
but there are no established procedures for organs where 
you have a lot of fibroblast contamination. One of the prob- 
lems might be that a lot of the precursor cells are not a whole 
lot different from fibroblasts. If you go back embryonically, the 
distinction between a fibroblast or myoblast and everything 
else is really blurred. I would guess this to be true even in 
older animals. It is true that if one spent more time on it, one 
could do a better job. There are other ways of getting around 
the fibroblast problem. If one is working with the right kind of 
cell, one can kill them. I do that in my endothelial cell system 
by putting in thiolproline as a hydroxyproline analog. In cells 
that differentiate like muscle cells or adipocytes, one can let 
them differentiate. Then the separation becomes relatively 
easy. One can do it visually, chemically or by density. 

Question: Basically, the density works where you have a 
differentiated cell line, but with a nondifferentiated cell, there 
is not that much difference, is there? 

Novakofski: Yes, that is probably right. 
Question: Didn’t you report a couple of years ago that 

after a while the fibroblasts would fill with lipid so that you 
could not tell them from pre-adipocytes? 

Novakofski: Yes, this is one of the problems with this 
heterogeneous mixture of cells. About four to five years ago, 
there was a series of papers explaining how to make 
adipocyte cultures by using a specific medium. Using this 
medium, cells fill with lipid and look like adipocytes but when 
one starts off with four different cells, one intuitively knows 
that they all shouldn’t be adipocytes. As it turns out, any time 
lipid or fatty acid is added, a component of this medium, one 
gets cells that act like adipocytes. Enough fatty acid will make 
anything fill with lipid and look like an adipocyte. 

Response: There is considerable literature coming out 
now that as feedlot cattle get older, there is an actual in- 
crease in adipocyte number. It is harder for me to accept the 
fact that differentiated cells divide just because they have 
reached some cell size. I am more inclined to believe that 
fibroblasts start to fill with lipid. Do you have any observations 
on this? 

Novakofski: The big question in fat cell research is how do 
fat cell precursors start dividing. If one went out and started 
overeating, there would be an appearance of new fat cells. 
Whether they have divided or have been recruited is a good 
question. For a while, it was thought that it was through 
recruitment of differentiated cells. However, fat feeding stud- 
ies indicate that there are newly differentiated cells. 




