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In this paper aspects of the kinetics and dynam-
ics of cell replicative aging were established 
along with a method for defining cell culture 
replicative age. [The SCI® indicates that this 
paper has been cited in more than 410 publica-
tions.] 
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I first joined the faculty of the Wistar Institute 
in the fall of 1963. I went there primarily be-
cause I was enamored of the opportunity to 
work with normal human cells in culture. The 
benchmark experiments of L. Havflick and P.S. 
Moorhead1 and, later, Hayflick2 had established 
that fibroblast-like cell cultures, derived from 
normal human tissues, would proliferate in 
culture while maintaining a stable normal hu-
man karyotype and normal growth character-
istics. However, after a period of vigorous 
growth, the proliferation rate of the culture 
would decline, the cells would begin to deterio-
rate and eventually would cease to proliferate. 
Hayflick and Moorhead interpreted this declin-
ing proliferative activity as a manifestation of 
senescence in vitro. At the time, this view was 
controversial, especially among the commu-
nity of biogerontologists who were invested in 
the notion that organisms aged, not isolated 
somatic cells, and that cells exhibited senes-
cence as a result of the artificial conditions of 
culture. (Indeed now, 30 years later, these ca-
veats are still raised, even though by any defi-
nition of aging, human cells in culture age.) 

Although I had my own set of reservations 
about how human fibroblast aging might relate 
to human aging, I focused my research on the 
fundamental aspects of the regulation of pro-
liferation. 

In the spring of 1969, Hilary Koprowski, then 
director of the Wistar Institute, asked me to 
attend, in his place, a meeting on aging, in 
Gatlinburg, Tennessee. Upon my arrival, the 

meeting organizers informed me that I must fill 
in for Harry Eagle, who was listed in the pro-
gram as a discussant for a presentation by 
Leonard Hayflick, but who was unable to at-
tend due to a family emergency. 

In attempting to prepare for the meeting a 
well-balanced, critical appraisal of how the so-
called "Hayflick limit" related to the biology of 
senescence in organisms, I was forced to con-
front the fact that precious little was really 
known about the senescence of these human 
fibroblast cultures. For example, whether the 
declining proiiferative capacity of the culture 
was due to a parasynchronous increase in the 
generation time of all of the cells, a change in 
the fraction of cells which were in the prolifer-
ating pool, or both, was not known. There were 
some interesting clues; G.S. Merz and J.D. 
Ross3 at the Wistar Institute had shown that 
the percentage of single cells that could grow 
and form multicellular clones was lower in 
older populations. Also, A. Macieria-Coelho et 
al.4,5 had reported that both the average G1 and 
G2 periods of the cell cycle were longer in 
cultures from older populations. 

Another problem which confounded the in-
terpretation of studies on cell cultures was that 
there was no method for normalizing the data 
on cell culture aging from different laborato-
ries. Hayflick's studies2 on WI-38 cells showed 
a range of replicative life spans from 39 to 58 
doublings. Thus doubling (or passage) level as 
a measure of the age of a culture was not 
adequate. What was needed was a precise 
measure of in vitro age which would normalize 
for this variation. 

The study reported in the paper established 
that both a decline in the time to traverse the 
cell cycle and a decline in the fraction of cells 
participating in replication combined to give 
the reduced proliferative potential of the popu-
lation which characterized senescence. The 
paper has been highly cited most probably 
because it provided a kind of normalized 
biomarker for aging in cell culture. However, 
other aspects of the data formed the basis for 
later studies on changing cell cycle param-
eters, signal transduction, and gene expres-
sion during the G1 period of the cell cycle. 
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