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HUMAN AGING AT THE CELLULAR LEVEL

Professor Leonard Hayflick, Ph. D.
Stanford University School of Medicire

(Lectured at Kawasaki Medical College

on September 19, 1974)

I am sure that you will appreciate that the subject
of aging or gerontology is a very large subject and impossible
to discuss in one hour to say nothing of the fact that 1
must speak very slowly during the 1 hour. So, I will confine
my remarks to one very small area of the cell biology of
aging, with your understanding hopefully that I am covering
just a very narrow area.

I think that one of the major problems in the field of
gerontology unlike other areas of biology is the definition
of the subject under study, strangely enough you might be
surprised to learn that the gerontologists or biologists who
study aging cannot agree even on the definition of the subject,
that is, what is biological aging. I thought that I would
try to give you the best definition that I know by simply
showing you the two extremes of the problem, which appear
on the first slide that I have. So, if I can have the first
slide, I will show you, this is the definition of aging,
that is, what biological changes take place in going from
this condition to this condition.

This is the easiest definition that I am able to give you.
But I am sure you will understand that this is a very
complicated subject that results in these very dramatic
changes.

One of the important points that I would like to mention
to you is that the study of aging is not necessarily the
study of the diseases that occur in humans and it is important

to realize that there is a distinction between the diseases



that occur as individuals age and the biological changes
that give rise to age changes. And I think that it is worth
underlining this point by showing you some data that reveal
very dramatically the question of improvement in hygienic
conditions and curing of diseases and their impact on the
human life span. It is important also to recognize that
there is a very important distinction between the human life
span, which we think is a fixed number of years, roughly 90
or 95 years of age, and life expectancy, which is the number
of years that one can expect to live, based on statistical
data as a function of his current age. So, I would like to
show you this data that will underline this very important
point.

Now, this is what gerontologists call a survival curve.
This is a family of survival curves obtained from data in
which a cohort of 100,000 people have been followed from
birth until death and €ach year the number of individuals
who have died is noted and then the tabular data is compiled
and represented in the form of this family of curves. I will
not discuss each curve but just the extremes. The bottom
curve is generated from data taken from individuals in
British India from 1921 to 1930. And as you can see in the
first few years of life, there is a dramatic number of deaths
in the post natal period. Then in later years this begins
to flatten out, and there are some individuals in this group
who survive up until roughly the 90th year of age. The other

extreme curve is from New Zealand in this period of time.

Here you see very few deaths in the early years, then there
is a plateau, and the number of individuals dying then begins
to increase until some individuals remain at this point

and live until the maximum period of life. Now the main
point that this table of information indicates is that as

the curing of diseases occurs and as better hygienic
conditions occur, then there is, what gerontologist call,

a rectangularisation of the survival curve, the survival
curves become more and more rectangular until the most
rectangular curve is produced in this fashion. This would

be 90 years. The implication then, is that with the curing
of diseases and the improvement of hygienic conditions,

what will happen is that humans will live until the stroke
of midnight of their 90th birthday and then they will drop
dead. And this is the implication of work done simply
addressing oneself to bettering hygienic and living conditions
and curing diseases.

The main point is that very little work is done on the
question of the biological causes of aging, the underlying
principle biological causes of aging which are the physio-
logical and biochemical decrements that result in the age
changes that all of us are familiar with. There are very
few people who work on this problem, and it is important
if there is any merit to extending the life span. It is
important to recognize that very little work is being done
on this question. There is also a subsidiary question in

respect to whether it is important and necessary to do work



in an area of biology that might result in the increase of
human longevity. This is a very important moral question,
and a very important ethical question that unfortunately I
will not have time now to discuss with you. But if there
is any merit to increasing the human life span, there is of
course very little work being done in this particular area.
Now to give you further information on the implications
of curing the major causes of death in my country and in
your country, I would like to show you some projections of
data that makes for some very revealing information. And
that is to ask ourselves the question what would pappen to
human longevity if we were able by some miracle, tomorrow
morning, to cure the major causes of death, that is, heart
disease and cancer. And the information that I want to show
you is on this next slide in which it has been determined
what these effects would be. This is the gain in expectation
of life at birth and at age 65 due to the elimination of
various causes of death. Here we have the major causes of
death, major cardiovéscular renal disease, heart disease,
vascular diseascs;if these diseases could be cured tomorrow,
then people born tomorrow would have a total gain in life
expectation of about 17 or 18 years. People who are age
65 tomorrow would have somewhat less, but not significantly
less, cxpectation of additional life. The next major cause
of death would be cancer. And if cancer were to be cured
tomorrow morning, the impact would be, that people born

tomorrow would only have an additional 2-3 years of life

expectation, people 65 tomorrow only 1.2 years of additional
life expectation. And I would think that these numbers are
much lower numbers than you would have guessed, based on the
amount of effort and money and energy of so many people who
are investing their lives in learning more about these
important causes of death. That is not to say that the
study of these diseases is not important. It is certainly
important. But I think that the impact on longevity is not
very great. I would suspect that you would have thought
that curing cancer will result in increase of life expectancy,
perhaps 20 or 30 or more years. But this simply is not the
case.

Now with this information as background, what I would
like to do now is to give you some information in an area of
cell biology and I think we can have the lights now and the
slide off. I would like to give you some information in an
area of cell biology in which we and others have been working
for a number of years, that has some important impact on the
study of aging. For this purpose, it will be necessary for
all of you to have a good background in tissuc culture techniques,
because what I intend to discuss is based on a knowledge of
tissue culture. Since I have been told that there are
certainly many experts on tissue culture here today, there
are still some people here who are not expert on tissue
culture. So I will spend only 5 minutes, giving you some
basic background information which will be necessary for you

to understand the rest of my presentation.



Many of you of course know that it is possible to take
tissue from any animal and to grow the cells from this
tissue in culture. This is done ordinarily by taking the
tissue and exposing it to a chemical preparation or enzyme
preparation called trypsin which results in the separation
of the individual cells from the tissue that you then can
collect in a centrifuge tube and this can be centrifuged
and cells collected as a pellet. The trypsin of course is
then discarded and the cells now can be put into a variety
of glass bottles and cultured. Generally, the type of culture
vessel that people uses is something of this shape. This
would be a side view and this a top view. The cells will
be introduced into culture vessel, in this manner, and in a
period of a few hours cells would begin to stick the glass
surface and then begin to grow. Now the medium that is used
for the growth of cells in tissue culture is very complicated.
I will not say any more about the media than to say that in
general it consists of 13 aminoacids, 7 or 8 vitamins and a
series of inorganic salts, the kind of salts that you would
expect, potassium, calcium etc. This is the chemically
defined portion of the growth media, but normal cells will
not grow in a chemically defined media. So that the media
must include 10% of serum and the serum used is generally
serum from calves or horses. The development of media has
not resulted in ény chemical definition of all of the
components necessary to grow normal cells in tissue culture.

It is possible to grow a number of ahnormal cell populations

in a chemically defined media. But much of what I want to
discuss with you this afternoon has to do with the cultivation
of normal cells. So we now have the cells growing in the
culture vessel and in a matter of a few days or a week the
cells are growing quite rapidly and they reach a point where
they have now covered entire surface of the glass vessel.
This condition is known as a confluent culture. It is also
sometimes called monolayer culture and the most important
event that takes place at this time is the fact that when
normal cells cover the entire surface and touch all of their
neighboring cells,mitotic activity essentially stops.
Abnormal cells or cancer cells may continue to grow a little
bit under the circumstances and this is a very important
area of investigation now, to discover what the signals are
that tell a cancer cell to contiune to divide under these
circumstances of confluency and a normal cell does not
continue to divide very much.

If you are interested in obtaining more cells, that is
more than is contained in this vessel, then it is necessary
to undertake a new or different technique, and that technique
is known as subcultivation. We will remove the media from
the culture vessel, the cells will remain behind, trypsin
is then introduced to raise the cells from the surface,
separate them from their neighbors, and then the cells can
be distributed into two daughter bottles further subcultivation.
So this is called a subcultivation. It also goes under the

term "a split” and we refer to do this as "a 1 to 2 split



ratio”, which means that we have increased surface area of
the first bottle by a factor of 2. So that the number of
daughter cultures is twice the number of the mother culture.
Now it is possible to do subcultivations or ‘splits' by
making threc bottles, or five, or ten or whatever number, from
the first, but mathematics becomes a little difficult and
since I want to keep simple, we will assume that the 'splits’
are done by the 1 to 2 ratio, although theoretically every-
thing is the same. So at the end of the first week we would
have two cultures, at the end of 2nd week we will have four,
and eight, sixteen, and so forth. So that the numbers of
cultures would increcase by powers of 2. Now this then is
basically the technology that I wanted to introduce you to.
And now I would like to discuss some of theoretical
implications of culture in cells in tissue culture by the
method that | have just outlined. If onc takes tissue from
a varicty of sources including humans and grows the cells
from such tissue in culture, if you start with a scrap of
tissue and you plot the number of cells that are produced
from the tissue as a function of time, then you will generate
data that will give you a curve looking something like this.
This would be the primary culture, the first culture, and
after a week you will then do a subcultivation so that you
have two cultures, four, cight, sixteen so forth, for a
number of weeks, until you reach a point when the cells stop
dividing and begin to die. And we have divided this curve

into three parts, Phase 1, Phase I, which is the period of

active cell replication, Phase 11l which is the death of
the cells in tissue culture. Now to give you some notion
of the time paramecter, if you culture tissue from a embryo,
and the type of cell that generally grows most well in
tissue culture, is called the fibroblast,if you culture
human embryonic tissue in culture, the period of time that
they can grow is something like 10 or 12 months. And the
number of population doublings is equivalent to 50+10.

Now this is the usual course of activity of the cultivation
of normal cells in culture.

When you culture normal human cells, there can occur
in these cultures very rarely, and until few years ago under
circumstances that were particularly unknown, a new cell
type which can arise from cultures of normal cells. The
frequency that this occurs in human material is less than
0.01% of the time. For other animal species the frequency
of the new cell arising is much greater. Mouse tissue, for
example, may give rise to this new cell type within a frequency
of 40% or perhaps even 50%.

Now I would like to point out the major distinctions
between thése two types of cells. The first type of cell
that 1 have been discussing we will call “cell strain" and
the type of cell that arises rarely in tissue culture we will
call "a cell line". Now I want to emphasize that [ will be
defining these two terms in a very precise way but the
literature, the scientific literature, is often not very

clear on the distinction between these two terms and you



must know more about the author's work before you can under-
stand whether he is working with this type of cell or with
this type of cell. So we will now contrast the major properties
between a cell strain and a cell line.

The first chracteristic that I have indicated already
is the cell strain has finite capacity for replication or
multiplication in tissue culture. A cell line, on the other
hand, has an infinite capacity for replication. There are
a number of these cell lines that are known, perhaps the
most popular is the HelLa cells. This is the cell line that is
derived from human cervical carcinoma in early 1950s by Leorge
Guy of John Hopkins University and this cell has been growing
in laboratories throughout the world for these past 25 years.
As 1 indicated that there are approximately 500 or 600 at least
of these cell lines that have been described, another famous
one is L cell derived from mouse tissue and so forth. The
cell lines have developed in laboratories throughout world
under spontaneous circumstances and at very low frequencies
if you are working with human tissues.

The second property that distinguishes these two types
of cells has to do with their karyology, or their chromosome
configuration. If you look at the chromosomes of a cell
strain derived from normal tissue then if for example the
tissue came from your forearm or wrist, then you would expect
that these cells would be diploid and for men of course the
number of chromosomes would be 46. So depending on the tissue

that one shows you would expect the strain to have the
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karyotype of the tissue origin, and that is in fact what

happens. The cell line, on the other hand, which is Hela

a good example, has a spectrum of chromosome numbers around

some modal value with some cells having as few as 50 chromosomes,
some having perhaps as many as 350, the modal value is usually

in the 70's somewhere, and we refer to this condition as

heteroploid.

The third property that distinguishes these two types of cells

I will use as a general heading for a number of variables.

That is to say, if you look at the following kinds of properties,
staining characteristics, biochemical properties, or properties
of the cells they are inoculated into a variety laboratory
animals, you come to the conclusion that a cell strain has
properties of normal cells and that a cell line has properties
of abnormal cells, not only are these properties abnormal,

but in many cases the properties are properties of cancer

cells. So that this phenomenon, where a cell line has resulted,
has emerged from a culture of normal cell is a very important
phenomenon, and goes under the name of "transformation".

This phenomena of transformation was recognized by cell
culturists many years ago, but very little could be done about
the problem, especially with human tissue because the frequency
of transformation was so low that you could not construct
experiments to answer important questions about this problem.
Since the importance of that was generally recognized that

when it occured, it represented the emergence of cancer

cells in a population of normal cells in culture. This was



the situation for a number of years until the middle 1960s,
when it was discovered that you could transform normal human
cells each time if you added to the culture a virus called
SV40. This virus has the unique capacity to transform normal
human cells into cancer cells. As far as I know this is the
only agency by which this can be done with the exception

that Dr. Namba and I, when he was working in my laboratory
have now evidence that this transformation can be accomplished
by adding to the culture a chemical carcinogen,called 4NQO.
But aside from these two situations, there is no other way
that one can routinely transform normal human cells. There
are a4 number of other viruses that can transform a variety

of other cells from other animal species, and these viruses
are such as polioma, and some of the adenoviruses etc., are
all known as oncogenic or cancer causing viruses.

Now with this information, 1 would like now to concentrate
on the question of the death of normal cells in tissue culture,
and what we currently know about this question in respect
to the most recent research on this area. But before I go
any further, perhaps we can look at some of the slides that
I have that will illustratc some of these points that 1 have been
making. Some years ago, we were lucky enough to see one of
these spontaneous transformations occurring in a culture of
normal human amnion cells. These are human amnion cells here,
after one month in culture, these amnion cells which are
easily obtainable from hospitals and represent normal human

cells, after about one month, we saw in these cultures the
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emergence of a transformed population. Here you can see on
the left the transformed cells which look very much different
from the untransformed or cell strain type of cell here on
the right. These cells then have all of the properties of
the type of cell I indicated here, the cell line type of
cell. Now if you look at the center of one of these islands
of transformation and the transformation occurrs in small
islands in the culture, you will see a tremendous amount of
mitotic activity. When cells divide in tissue culture, they
retract their processes, become spherical, go through the
mitotic cycle and then become flattened out again. And here
you see for example, a mitotic figure with chromosomes on
the metaphase slate, here are also representations of cells
in mitosis. So one of the features of one of these trans-
formations is the tremendous increase in mitotic activity.
Now this amnion was taken from my daughter at her birth,
some 16 years ago, so this culture has been in .contiunous
cultivation in our laboratory and in a number of other
laboratories for 16 years.

But I would like now to talk more precisely about normal
human fibroblasts which have the greatest capacity for
proliferation in tissue culture. This is a semiconfluent
culture of normal human fibroblast showing one mitotic figure.
After a few more days these cells will become more dense
and the confluent condition will exist as you see here, here
again as one mitotic figure. But this represents the

confluent culture at which time, if you are interested in



obtaining additional cells, is necessary to subcultivate

this culture and the subcultivations I described to you
before. Compare this slide with the next slide which shows
you the way these cells look during phase III. The cells
now have completely lost their morphological characteristics.
There is a considerable amount of debris in the culture.
These then represent cells that are somewhere at this part
of the curve. There is still some continuation of metabolic
activity but in general over a period of 2 or 3 weeks the
cells stop dividing, begin to look unhealthy and then begin
to die and in a matter of 4 or 5 or 6 weeks most of the cells
arc dead. So this is the appearance of cells in culture in
phase III.

One of the important points that I would like to remind
you of appears in the next slide. Since it forms the basis
for an experiment that I would to describe to you, and that
is simply to remind you that it is possible to distinguish
between male and female fibroblasts in tissue culture by the
presence of the bar body in nuclei of female cells, and the
absence of the bar body for the inactive exchromosome in a
nuclei of male cells. I will say more about that in a few
minutes. To those of you who might be interested, it is also
possible to clone normal human cells. We can isolate tissue
from your forearm, grow the cells out, and then isolate one
cell and from that one cell produce progeny as you see here,
this is progeny or daughter cells from a single cell, giving

rise each of these to a colony or a clone of normal human
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cells, which is an important question in respect to some
genetic studies. Now if you take normal human cells as you
have seen in previous slides and expose it to SV40, and
transform them as I have indicated, this is what you see.
This is WI-38 which is a normal human diploid cell population
that is one of the cell populations that we do much of our
work with. This cell of course has a doubling potential of
about S50 population doublings and then the cells die. But
if you expose the cells to SV40, they become altered or
transformed. And this is their appearance, and of course
the transformed cells have all these properties.

Now, I would like to give you some further information
on the question of the relevance of these observations to
aging. One of the most important questions that has been
raised about the cultivation of cells with a finite life
time in tissue culture is the question of whether the death
of these cells is due to some error in laboratory technique;
it is possible of course for cells to die in tissue as a
result of faulty media or the presence of viruses or any
number of extrinsic factors. There have been many experiments
that have been done that have essentially excluded this
possibility. But I would like to describe just one experiment
but, I think, gives the most valuable information on this
question. If you take female cells, female normal human
cells at the 10th population doubling level (PDL), that is
somewhere here, and mixed them with an equivalent number of

male diploid cells at the 40th PDL and keeping unmixed control
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cultures separate, after the mixture is made, if you wait

30 more subcultivations and look at the cells that remain,
you will find that the only cells remaining are female cells.
You will also find that the female cell control is still
viable. The cells are still growing, because 10 + 30 = 40.
You will find however that several weeks before, you looked
at the mixture, the male cell component is dead, because

it is now somewhere here. Now if the death of the male
component is due to media, bad media or viruses or faulty
technique, then it would be necessary to argue that this
problem could distinguish between male and female cells,
which of course we know is not possible. So this kind of
experiment, have led us to bhelieve that the death of

normal cells in tissue culture is an intrinsic cell phenomenon.
There is some kind of clock mechanism within cells which
dictate the number of population doublings that they can
undergo apparently in vitro and as I will show you later

also in vivo.
When we first observed this phenomenon, it was thought

that one other possible explanation could be that cells in

vivo might be able to produce some essential metabilites

that they are unable to produce in vitro. And it was argued

that possibly some essential metabolite is being deluded out

as the cells traverse this course and when they run out this

metabolite, all of the cells will then die. And this hypothesis

can be tested by looking at this question from a purely

mathematical standpoint. If you assume that the molecule

that must be deluded is the smallest molecule which will be
hydrogen, then you ask yourself the question how many hydrogen
molecules must be present in this first cell, so that you
can get one molecule in the cell at the 50th population
doubling, that is at this poing. And if you do the mathema-
tics, you come to the conclusion that each cell initially
must weigh at least 3 times more than we know they weigh,
and be composed entirely of hydrogen in order for simple a
dilution to occur so that you end up with one molecule in
each cell. So that we think this explanation is also not a
valid explanation.

Now this left us several years ago with the difficult
situation of being unable to explain why normal human and
animal cells ultimately die in tissue culture. And we thought
at first that the suggestion that this was aging at the level
of the cell, was a rather interesting possibility but probably
not true. And we use this as a method to devise subsequent
experiments and I must say that in subsequent years as a
result of work in our laboratory and many other laboratories,
it appears that this hypothesis may be a valid hypothesis,
and 1 would like to give you some of the recent work that has
been done on this question, to show you the relevance of this
observation to some of the variables that we know of in the
field of aging.

One of technological breakthroughs that allowed us to

do some interesting experiments in this field was the possibility

of freezing cells or preserving cells for long periods of



time. As you can appreciate, when you culture normal human
diploid cell, after 12 months, the cells are gone. It is
possible, however, to take the surplus cultures after each
population doubling, for example, you would take these two
cultures and freeze them, and the next week you will take
those two cultures and freeze them, and the third week these
cultures and freeze those. So that at each population
doubling level you would have frozen in your bank cell
cultures from each population doubling to that final period.
The important question to be asked is when you remove the
cells from liquid N, which is where we ordinarily store such
cells, what happens to the clock? Do the cells remember

at what population doubling they were when you reconstitute
them, and continue on, or do they recycle back to the origin,
and then go through, or is there some other possibility that
happens? And this hypothesis was tested, and I would like
to show you some of the results on the next slide. If you
reconstitute the cells from a variety of population doublings
you generate what looks like a very complicated genealogy

or family tree. Here is the culture, the original culture
from 0 passage until the 50th passage here, and these
vertical lines indicate ampules that have been reconstituted.
This is number § and that was reconstituted and then grown

in tissue culture until it reach Phase III at about 47.

There are others you can see here. This one at 14, or 13

was reconstituted, and it died at the 50th population

doubling. The important point is that all of the reconstituted

ampules gave rise to cultures that deteriorated or reached
Phase I1I between 40 as you see here, and between 60. So
the answer to the question is that the cells do remember
at what population doubling they were when frozen and
continue to replicate so that the total cumulative number
of population doublings is 50, and this is an important
point.

Now by increasing the number of cultures each week by
multiples of 2, you can easily appreciate that number of
populations, the number of cells will increase tremendously.
The number of potential cells that can be produced from a
culture that has population doubling potential 50, is
approximately 20 million metric tons of cells. So WI-38
which was frozen many years ago has been used in laboratories
throughout world, and we still have plenty of cells left,
because the potential yield is this. This is some of the
history of WI-38 which was frozen at the 8th population
doubling level, most of it was frozen then, and each time
an ampule was reconstituted we gave it a roman numeral as
you see here. The number of population doublings that
resulted from each thawed ampule is indicated here, average
is about 50 and range again between 40 and 60. These are
numbers of weeks each culture has been preserved and this
is a very old slide, because we now have WI-38 frozen for
12 years, which is over 600 weeks. So WI-38 has been frozen
longer than any other normal human cell and, after 12 years,

the average is still about 50 and the range between 40 and
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60. So the memory of the cells is very good indeed.

Now if what I have been discussing is related to aging,
then 50 is the number that is important for human embryonic
tissue, but we would like now to know the number of population
doublings that normal human adult cells will undergo in
tissue culture and this data is indicated on the next slide.
Here you see a list of about 12 or 1S5 human diploid embryonic
cultures that have undergone a number of population doublings
averages is 50, ranging, between 40 and 60. And here are
human diploid cell populations from human adults, these are
the number of population doublings, the age of each donor
and the number of population doublings possible in the case
is 20 and range between 10 and 30. So there is a very
dramatic difference between the number of population doublings
that adult tissue and embryonic tissue will undergo in culture.

This work was done before we had experience with the
details of the knowing how to count these doublings accurately,
but a couple years ago Dr. J. Martin from University of
Washington did a very interesting study on 100 human skin
biopsies taken from individuals who were either embryonic
or up to 90 years of age. And he determined for all one
hundred the number of population doublings that the fibro-
blasts from each culture would undergo and I would like to
show you this data. The number of cell doublings is indicated
here, the age of the donor indicated here on abscissa, the
open circles indicate the number of the population doublings

that the cultures in each group underwent. And his statistical
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analysis indicated that there is a decrement of 0.2 of
population doubling per year of life. So the older the
person, the fewer number of population doublings are able
to be seen.

Now, if this is true for human material, the next
question is whether this is a general phenomena that may
have some bearing on the life span of other animals, and
one of the most interesting questions is to determine the
number of population doublings that can be undergone by
other animal populations. And I would like to show you this
slide. This is work done by four different laboratories
with chicken embryo fibroblasts, the number of population
doublings as you see, is indicated here, the average about
23.5. Now I should point out at this time that one of the
most important experiments done in the tissue culture field
that had a bearing on gerontological or aging questions was
done with chicken embryo fibroblasts. Many of you will
recall the work that was done many years ago, in the 1920s,
by A. Carrel who claimed to be able to culture chick heart
cells for something like 34, or 35 years. Carrel's work was
very important, because if it is possible to culture normal
animal cells for periods of time, greatly in excess of their
maximum life span, then clearly aging is not a result of
decrements in the function of individual cells but must be
a result of actions taking place at higher levels in the
single cell, that is tissue level or organ level. So that

the experiment of Carrel is very important. Because it
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contradicts what has been found recently. We now know the
explanation for the cultures of Carrel that lived for 34
years. And the explanation is the following. The culture
media that was used at that time was prepared from chick
embryo extract (CEE) and that CEE was prepared and then
centrifuged in such a way that many cells were still floating
in supernatant fluid, so that when you put a pipette into

the centrifuge tube, you took up centrifuge tube in the
pipette new fibroblasts each time you fed the culture, that
was supposed to be grown for 34 years. And this is generally
regarded to be the explanation for this contradiction. No
one has ever been able to confirm Carrel's work even to
culture normal chick fibroblasts for 2 or 3 years.

The next question then is the number of population
doublings that ceclls from other species will undergo, and
here you see some of this data. For man as I have indicated
the range is between 40 and 60. For embryonic fibroblasts
the maximum life span about 110 years, let's say, chicken
material between 15 and 35, the maximum life span about 30
years, the mouse between 14 and 28 population doublings and
the maximum life span thought to be about 3.5 years, the
Galapagos tortise, this work was published very recently by
Goldstein, the range of population doublings between 90 and
125, the maximum life span is thought to be about 175 years.
So there docs appear to be some relationship hetween the age
of the mean maximum life span which is reflected in a direct

way in the number of population doublings, and the age of
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the donor which is reflected in an inverse way, in respect
of the age of the donor.

Now I would like to mention very briefly that it has hcen
possible to repeat this kind of work in animals where the
same situations seen in tissue culture has also resulted.
If you take tissue from a laboratory animal, for example, the
mouse, and this has been done for a variety of tissues from
mice and also other animals and transplant this normal tissue,
and this can be done, then you will find that the number of
transplants that can be effected are finite, 4 or 5 or some-
thing of this sort, whereas the continuous transplantation of
cancer cells of course can occur indefinitely. So that there
is now in vivo evidence for this in vitro phenomena. I would
like to say in ending here that I do not believe that animal's
or individual's age, because their cells stop dividing. What
has been discovered recently is that as the cells age in
tissue culture roughly in this period, there occur a number
of dramatic biochemical changes resulting in physiological
decrements that I think are much more important in respect
to our understanding of aging phenomena than the fact that
the cells ultimately stop dividing. I dsn't have time to
discuss all of these biochemical changes but I thought 1
would just show you a list of them which is incomplete list,
to give you some idea of the amount of work that has been
done in this area and without discussing each of these
individually, but you can see some of parameters increase,

other decrease, some do not change.
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Finally 1 would.like to summarize by giving you some
information on three of the current theories of aging, since
these current theories also are applicable for possible
explanations of the Phase 111 phenomenon in tissue culture.
There are many theories of aging, but T think the three most
important ones are as follows; One is that there are specific
genes for aging. That is in the developmental sequence in
animals as developmental changes are programed by genetic
information. Some people think that at the very end there
are specific genes that shut down the metaholic machinary
and force the cell to close down its functional reproductive
capacities. Another possibility is that there is simply a
loss of genetic information, that is accurate genetic infor-
mation, that as developmental sequences occur, infomation
containing molecules may in fact incur errors and as these
errors accumulate, they may accumulate for a period of time,
and then they reach a point where the whole cell stops divid-
ing or stops functioning and these age changes occur. Of
course there are methods for repairing errors in hiological
material bhut as we all will appreciate these repair mechanism
arc also, in themselves, not perfect. The final information
that I would like to give you is the possibility that when
the DNA molecule, the redandacy of message, may he directly
related to the longevity of a particular species. If the
samc message was repeated many times in information contain-
ing molecules and if errors accumulated here, such that this

information after a period of time hecame invalid of nonsense
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information, then the next scquence containing the same bit
of information could take over, and this could occur again.
So that the number of times that the redandant message
appcared could be directly related to the longevity of the
species, and many people feel that the evolution of the
maximum life span of -individual species, which is much more
specific than the life span of individual members of a
species, that this evolution occured following lines of this

sort.
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