lan Wilmut, the cloner of Dolly the sheep, questions whether “the
interpretation of the data offered” by the subsequent cloners of
calves is “justified on the basis of the evidence presented.” And sev-
eral letter writers discuss whether “human longevity” can be “pre-
dicted by the simple extrapolation of mortality trends.”

Quiescence When sheep donor cells
in Nuclear derived from embryo, fe-
T £ tal, and adult tissues were

ranster induced
to exit the growth cycle
and become quiescent,
live lambs were pro-
duced after nuclear
transfer from such treat-
ed cultured cells (/).
The cells were cultured
in reduced serum con-
centration for several
days until there was no
evidence of DNA repli-
cation as detected by
immunofluorescence
staining for the S-
phase—specific form of
proliferating cell nucle-
ar antigen (PCNA) (2). However, the ma-
jority of cells resumed DNA synthesis
when the serum concentration was re-
turned to normal levels for culture. This,
together with fluroescence-activated cell
sorting (FACS) data, led to the conclusion
that the donor cells had diploid DNA con-
tent, but were not actively growing.

In a recent report that described the
birth of calves after nuclear transfer from
fetal fibroblasts (22 May, p. 1256), the au-
thors stated that the donor cells used were
not quiescent. The cell-cycle stage of the
cells was assessed by FACS analysis and
by immunofluorescence for PCNA. FACS
analysis measures DNA content, but does
not distinguish between actively growing
diploid cells (G;) or nonactively growing
diploid cells that have arrested the cell cy-
cle after mitosis and cell division but be-
fore DNA replication (Gg). This measure-
ment established that 56% of the cells
were diploid, but did not determine how
many were in G, or G,.

Because the protocol for PCNA stain-
ing used by the authors fixes the soluble
complex that is present at all stages of the
cell cycle (3), the observation provides no
information about cell-cycle stage; but be-
cause only 82% of the cells were positive
for PCNA, it may indicate that some of the
cells were dead (4).

In short, no evidence is provided either
in this or in a previously reported study (5)
that the small proportion of donor cells
whose use resulted in development to vi-
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Cloned calves ACT3,ACT4, and ACT5S
at 3 weeks of age.

able calves or fetuses was not quiescent. In
fact, there is every reason to expect that
quiescent cells were present in the cul-
tures, as they had
reached 70 to 80% con-
fluence before use as
donors, in which condi-
tion contact inhibition
causes cells to become
quiescent (6). Addition-
ally, the passage num-
ber of the cultures at
the time of nuclear
transfer is not specified
(with time during the
culture of primary cell
populations an increas-
ing number of cells
cease division). Such
nongrowing cells, de-
scribed as senescing, have been reported to
enter a presenescent G, phase (7). In these
circumstances, the interpretation of the da-
ta offered by the authors is not justified on
the basis of the evidence presented.

lan Wilmut
Roslin Institute, Roslin, Midlothian, EH25 9PS,
United Kingdom
Keith H. S. Campbell
PPLTherapeutics, Roslin, Midlothian, EH25 9PP,
United Kingdom
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Response

We consider it highly unlikely that the
cloned calves in our study were actually
derived from a small population of Gy
cells. First, the cells used to produce the
calves had been cultured for approximate-
ly 8 to 10 population doublings, far from
senescence, which occurs at about 35 pop-
ulation doublings. Second, our cell-cycle
analysis indicates that a confluency level
of 70 to 80%, as defined in our laboratory,
is in the middle of the log phase of
growth. Third, contact inhibition of cells

does not occur at 70 to 80% confluency
and, in fact, does not occur at 100% con-
fluency. Contact inhibition only occurs af-
ter physical crowding of cells in the dish.
Finally, even if a small population of cells
was induced to arrest cell division by the
culture conditions, they would be over-
grown, very rapidly, by the actively divid-
ing population of cells. Although we be-
lieve this indirect evidence is sufficient to
warrant the conclusions in our paper, we
are now also in the process of testing the
question directly.

James M. Robl

D. Joseph Jerry
Department of Veterinary and Animal Sciences,

University of Massachusetts, Amherst, MA 01003,
USA. E-mail: robl@vasci.umass.edu

Steven Stice

Jose Cibelli
Advanced Cell Technology, Inc., One Innovation
Drive, Worcester, MA 01605, USA

The Future In his Research commen-
of Long Life tary “The future of human
longevity: A demogra-
pher’s perspective” (Science’s Compass,
17 Apr., p. 395), John R. Wilmoth states
that human longevity could be predicted
by the simple extrapolation of mortality
trends: “[t]he appeal of extrapolation lies
in long-term stability of the historical
mortality decline.” This decline is support-
ed by his fascinating graph depicting re-
markably regular decreases in U.S. mortal-
ity rates over the last 97 years.
Unfortunately, the data on age-specific
mortality rates published by the Social Se-
curity Administration (/) are complex and
are not consistent with the declared long-
term stability of the historical mortality
decline. For example, the U.S. death rates
for ages 30 to 34 and 35 to 39 have been
increasing since 1985 both for males and
females (/). The impression of long-term
stability of mortality decline comes from
the use of the aggregated death rate calcu-
lated by Wilmoth for the mixture of people
of different ages (standardized to the U.S.
population in mid-1990). The virtual sta-
bility of the historical decline of this high-
ly aggregated mortality index is not very
informative and might even be misleading
(as is the fallacy of one stable mean body
temperature for all patients in hospitals).
The future of human longevity is a com-
plex and as yet unresolved multidisciplinary
scientific problem. More research is needed
on the driving forces of the age-specific
mortality rates and their possible biological
limits (2), not just extrapolation.

Leonid A. Gavrilov

Natalia S. Gavrilova

Center on Aging, National Opinion Resource Cen-

ter, University of Chicago, Chicago, IL 60637, USA.
E-mail: lagavril@midway.uchicago.edu
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Wilmoth asserts that, in low mortality
populations, death rates have fallen
steadily during the past 100 years. Actu-
ally, death rates have fluctuated through-
out most of the 20th century (7), and oc-
casionally in low-mortality populations
mortality has increased and life ex-
pectancy has declined. There is no dis-
pute that the mortality trend has been fa-
vorable over the last century, but it is in-
correct to state that the decline in mortal-
ity has been steady. Further, mortality
rates from several important causes of
death, such as all forms of cancer com-
bined and, more recently, from infectious
and parasitic diseases (2), have actually
risen throughout most of the 20th centu-
ry. If the method proposed by Wilmoth
were used to extrapolate mortality trends
from these diseases, it would predict an
eventual rise in total mortality and a de-
cline in life expectancy. It is not clear
why Wilmoth uses a method of extrapo-
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lation that seems to take into account on-
ly trends in death rates that are declining,
but not those that are increasing.

Wilmoth correctly notes that extrapola-
tion methods yield more optimistic esti-
mates of life expectancy than those made
by the U.S. Social Security Administration.
Paradoxically, he characterizes our esti-
mate of 85 years for a practical limit to life
expectancy as pessimistic, but we based
this number on a 50% reduction in mortal-
ity at all ages from all causes of death
combined (3), which does not seem pes-
simistic. Wilmoth also acknowledges that,
even though declines in death rates have
accelerated in some parts of the world, in-
creases in life expectancy have simultane-
ously slowed down. This entropy in the life
table has been demonstrated repeatedly in
the scientific literature (3, 4) and is one of
the primary reasons why it is inappropriate
to perform mathematical extrapolations of
historical trends in life expectancy into the
future.

There are several biological reasons
why extrapolation methods are inappropri-
ate for forecasting death rates and life ex-
pectancy. The suggestion that evolutionary
theory predicts a sharp rise in deaths in the
postreproductive years is, however, not

among them. Medawar (5) and Williams
(6) provided evolutionary explanations for
why an age-related increase in the harmful
effects associated with gene expression
could be expected to occur beyond the age
of sexual maturity. These evolutionary the-
ories of senescence (aging) were not ap-
plied to, and are not consistent with, the
arguments made by some demographers
that evolutionary theory predicts that a
“black hole” of mortality associated with
genetic diseases should exist at or near the
end of the reproductive period (7). Evolu-
tionary theories of senescence also do not
predict, as stated by Wilmoth, Gom-
pertzian-type increases in postreproductive
mortality rates or catastrophic increases in
mortality when reproduction ceases (8).
Evolutionary theory does predict that the
physiological degradation and mortality
associated with senescence are an inadver-
tent byproduct of organisms not designed
for postreproductive survival, a rare phe-
nomenon in nature that has become com-
mon among humans.

Consider this analogy: The shortest
time for a man to run 1 mile, recorded
since the middle of the 19th century (9),
has declined steadily from over 5 minutes
in 1850 to 3 minutes and 44 seconds cur-
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rently. A linear extrapolation of this histor-
ical trend shows that, by the year 2420,
someone would be running 1 mile in 1
minute, and by 2580, the race would be
instantaneous. This conclusion is absurd,
but the same premise is behind the use of
extrapolation to project future trends in
death rates and life expectancy.

The extrapolation method is valid only
if used for short time windows. With re-
gard to trends and patterns in mortality,
the time has come to infuse a heavy dose
of biological reality into this empirical
tool.

S. Jay Olshansky
Department of Medicine, University of Chicago,
Chicago, IL 60637, USA. E-mail: sjayo@uchicago.
edu

Bruce A. Carnes
Center for Mechanistic Biology and Biotechnolo-
gy, Argonne National Laboratory, Argonne, IL
60439, USA. E-mail: bcarnes@anl.gov

Christine Cassel
Department of Geriatrics, Mount Sinai Medical
Center, New York 10029, USA. E-mail: c_cassel@
smtplink.mssm.edu
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Wilmoth argues persuasively that esti-
mates of future death rate and life ex-
pectancy should be extrapolated from his-
torical trends, rather than be based on par-
ticular sources of pessimism or optimism
such as technological breakthroughs.
These trends illustrate that the death rate
has been steadily declining since 1900,
and that the decline has even accelerated
for women in the last several decades.

I find Wilmoth’s arguments and data
convincing, but he does not to point out a
conclusion that would naturally follow. Ex-
trapolating from the data in the graph, it ap-
pears that the death rate among women will
reach zero around 2005, and for men
around 2050. Although we must expect that
a “floor effect” will force the death rate
curve to level out before actually reaching
zero, the commentary seems to imply that,
within a few decades, we will be essentially
immortal. Although this conclusion is quite
remarkable, it is clearly predicted by past

www.sciencemag.org SCIENCE

trends, and in Wilmoth’s words, “the burden
of proof lies with those who predict sharp
deviations from past trends.”

Joseph ). Strout
Department of Neuroscience, University of Cali-
fornia, San Diego, La Jolla, CA 92093-0608, USA.
E-mail: jstrout@ucsd.edu

Response

These three letters make important points
and contribute to the discussion about the
future of human longevity. A key argu-
ment, made by the Gavrilovs and by Ol-
shansky et al., is that the decline of death
rates in industrialized countries during the
past century has not been “steady,” as I
stated in my essay. Semantics aside, it is
important to emphasize that the putative
stability of historical mortality trends is
valid only over the long term and as a de-
scription of a general pattern. Certainly,
there have been periods of faster and
slower decline, and there have even been
mortality increases in some time periods
for some age groups and causes of death.
For example, death rates from automobile
accidents rose from around 1950 to
around 1970 in a number of industrialized
countries, but then headed downward
thanks to safer cars, seat-belt laws, re-
duced speed limits, and improved emer-
gency medical care (/). Epidemics (of au-
tomobile accidents, AIDS, and so forth)
do happen, but humans in technologically
advanced societies typically see what is
happening and respond, even though such
responses are not always immediate or
successful.

Regarding the statement by Olshansky
et al. that cancer mortality has been rising
during the 20th century, it is important to
note that many experts attribute the ob-
served rise in death rates for some cancers
to changes in diagnostic practice and not
to real increases in the age-specific risk of
death by those forms of cancer (2). In any
event, most of the observed rise in cancer
mortality is due to lung cancer, which can
and probably will be reduced in the future
thanks to active anti-smoking campaigns.
Furthermore, there is now solid evidence
that cancer mortality has declined during
the 1990s in the United States, Canada,
and Western Europe, and that this im-
provement is due only in part to changes
in smoking behavior (3). On the other
hand, as noted by the Gavrilovs, the rise in
death rates among young adults in the
United States is a disturbing phenomenon,
caused mostly by AIDS and an increase in
violent deaths (4). AIDS research and pre-
vention and new therapies are an ongoing
effort, and they are having a measurable
effect, at least in rich countries like the
United States (5). Future trends in violent
deaths are less clear, but they point to the
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social uncertainties affecting mortality
rates, not the ill-defined “biological reali-
ties” that Olshansky et a/. mention.

Overall, the presence of exceptions in
some particular cases does not invalidate
the observation that the dominant histori-
cal trend is characterized by lower and
lower death rates in industrialized coun-
tries. At the same time, the existence of a
dominant, favorable trend does not suggest
that we should be complacent about the
health and social problems facing such so-
cieties.

A second point, made by Olshansky et
al. and by Joseph J. Strout, is that some
extrapolations yield absurd results. Clear-
ly, my essay was not the proper venue for a
detailed discussion of demographic fore-
casting methodology, but I should have
mentioned one crucial point. Demogra-
phers and actuaries routinely extrapolate
mortality trends in a logarithmic scale, not
in the raw form depicted in my graph of
the aggregate death rate (from the original
essay). One consequence of this method-
ological convention is that extrapolated
death rates never attain zero or negative
values. Aside from these obvious practical
advantages, logarithmic extrapolation is
also well justified by empirical analyses of

SCIENCE’'S COMPASS

past mortality trends (6).

An empirical extrapolation always in-
cludes selection of a model, and equations
whose mathematical characteristics logi-
cally contradict the phenomenon of inter-
est should be eliminated from considera-
tion. Thus, extrapolating a linear decline
for measures that are necessarily non-neg-
ative, such as death rates or racing times,
is an elementary mistake in empirical fore-
casting. The forecast of record times for
running a mile proposed by Olshansky et
al. violates this most basic methodological
principle. Their example is not a valid in-
dictment of forecasting methodology. It is
simply a bad forecast.

In typical practice, logarithmic extrapo-
lation is applied to mortality trends at indi-
vidual ages. Thus, logarithmic extrapolation
is equivalent to a model of exponential de-
cay, which can be expressed in terms of half
lives and rates of decay for age-specific
death rates. This model also illustrates why
a halving of current death rates should not
be put forth, by mere assertion, as a “practi-
cal” lower bound that cannot be surpassed
(7). In the United States during 1900-1995,
the average half lives of mortality rates at
ages 0, 20, 40, 60, and 80, were 22, 36, 46,
73, and 85 years, respectively (8). Thus,

across the age range (except perhaps at very
high ages), death rates for the U.S. popula-
tion have been cut in half at least once dur-
ing this century, and in some cases two,
three, or even four times.

I agree completely with the Gavrilovs’
statement that we need more interdisci-
plinary research on the driving forces be-
hind age-specific mortality rates. Extrapo-
lation has its merits, however, and for the
reasons explained in my essay, I still think
it offers the best prediction available to
policy-makers and serves as a useful cor-
rective for the incredible hype that sur-
rounds the topic of human longevity. It is
easy to claim special knowledge of “bio-
logical reality,” but whose reality are we
supposed to believe? As reviewed by Ol-
shansky et al., the specific quantitative
predictions of evolutionary biology with
regard to human life span are extremely
vague. If there were a genuine scientific
consensus about the biological basis of the
human life span, and in particular about
the degree of inherent plasticity in age-
specific death rates, then demographers
would gladly put aside their crude (but
careful) empirical extrapolations. In the
meantime, policy-makers need sound
guidance about likely future trends. Un-
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proven theories and wild speculation may
be useful for formulating “What if?” sce-
narios, but they should not be canonized
prematurely.

Finally, Olshansky et al. repeat an im-
portant point that I made prominently in
my essay. Although death rates continue to
fall at most ages in industrialized coun-
tries, and sometimes at accelerating rates
of decline, the rise in life expectancy has
slowed down. This phenomenon is well
known to demographers and is due to the
upward shift in the distribution of ages at
death that resulted from an enormous re-
duction in infant and child mortality. In
brief, saving infants and children adds
many more years of life expectancy than
saving elderly persons, and thus the histor-
ical increase in average life span slowed
down once younger deaths became rela-
tively rare.

Two important consequences follow
from this observation. First, it motivates
the standard practice of extrapolating
age-specific death rates rather than life
expectancy itself. Again, Olshansky et
al. set up a straw man, consisting of an
extrapolatory method that any informed
observer would reject without hesitation,
as a means of indicting a general prac-
tice that, if applied properly, is quite rea-
sonable. Second, the predominant influ-
ence of the decline in infant and child
mortality supports a widely shared belief
that future gains in life expectancy will
proceed more slowly than in the past.
Nevertheless, this change does not signal
a halt or even a slowdown in the histori-
cal progress against mortality, because
the risk of dying at individual ages con-
tinues to fall, with some exceptions, as
noted earlier. Furthermore, among the
elderly, where most deaths now occur,
observed gains against mortality in in-
dustrialized countries during the past
few decades have been faster than ever
before (7).

John R. Wilmoth
Department of Demography, University of Cali-
fornia, Berkeley, CA 94720-2120, USA. E-mail:
jrw@demog.berkeley.edu

References

1. F.Meslé, Médecine/Sciences 13, 1008 (1997).

2. E.Marshall, Science 250, 900 (1990).

3. P.Cole and B. Rodu, Cancer 78, 2045 (1996); F. Levi, C.
Lavecchia, E. Negri, F. Lucchini, Lancet 349, 508 (1997);
J. R. Mclaughlin et al, Cancer incidence and mortality,
1997 [Incidence du cancer et mortalité due au cancer,
1997 (Health Reports/Rapports sur la Santé, Ottawa,
Canada, Spring 1997), vol. 8, no. 4, pp. 41-51 (pp.
43-54).

4. G. K. Singh and S. M. Yu, Am. J. Publ. Health 86, 560
(1996).

5. F.J.Palella et al,, N. Engl. /. Med. 328, 853 (1998).

6. R.Lee and L.Carter, J. Am. Stat. Assoc. 87,659 (1992).

7. S. . Olshansky, B. A. Carnes, C. Cassel, Science 250,
634 (1990).

8. My own calculation based on Social Security Admin-
istration data (demog.berkeley.edu/wilmoth/mortal-
ity/).

www.sciencemag.org  SCIENCE

9. V. Kannisto, J. Lauritsen, A. R. Thatcher, . W. Vaupel,
Pop. Dev. Rev. 20, 793 (1994).

CORRECTIONS AND CLARIFICATIONS
In the issue of 28 August, the following Ref-
erences and Notes should have appeared at

the end of the letter "Beetle Juice” (p.
1285).

References and Notes

1. See chapters in R. W. Hemingway and |. J. Karch-
esy, Eds., Chemistry and Significance of Con-
densed Tannins (Plenum, New York, 1989); for
typical terpene compositions, structures, and ref-
erences, see entry no. 6915, Oil of Lemon, and
related entries for constituent compounds, as
well as other essential oils, entry nos.
6866-6957, in The Merck Index (Merck, White-
house Station, NJ, ed. 12, 1996).

2. W. G. Glasser and S. S. Kelley, in Encyclopedia of
Polymer Science and Engineering, H. F. Mark et al.,
Eds. (Wiley, New York, 1987), vol. 8, p. 795.

A table that accompanied a News of the
Week article by Daniel Clery about the re-
search productivity of European cities
(“London, Cambridge lead Europe in out-
put,” 21 Aug., p. 1127) incorrectly labeled
the second of two columns of numbers
ranking the publication output of various
cities. The correct heading should have been
number of papers “per 1000 residents,” not

In the Table of Contents (p. 877) of the 14
August issue (under Letters, in Science’s
Compass) separate authors should have
been differentiated by semicolons.

The NetWatch item “Primal portraits” (7 Aug.,
p. 747) contained an incorrect image of a (non-
grimacing) madrill. The “grimacing mandrill”
can be found at www.selu.com/~bio/Primate
Gallery/new/Lofton/mandrill_face01.jpg

In the Random Samples item “Green strate-
gy for water flea?” (3 July, p. 39), “blue-
green algae” was referred to as a plant. In
most classifications today, “blue-green al-
gae” is called "cyanobacteria” and placed in
the kingdom Monera.

In the article “Elephantine gift stirs museum
debate” by Eliot Marshall (News & Com-
ment, 22 May, p. 1186), the name of the
Smithsonian Institution’s first benefactor
should have been given as James (not John)
Smithson.

In the report "Antagonism of central
melanocortin receptors in vitro and in vivo
by Agouti-related protein” by M. M. Ollmann
et al. (3 Oct. 1997, p. 135), in the sequences
in figure 1A, mature mAGRP and hAGRP
should have begun with Val21 and Ala21, re-
spectively, and mature Agouti protein
should have begun with His23.

VOL 281 11 SEPTEMBER 1998

apoTAGS™

In situ apoptosis detection kit

* BrdUTP incorporation
produces best signal
to noise ratio

* Uses proprietary
TACS™ technology

¢ Detection options
include DAB and
TACS Blue Label™

* Flexible formats from
complete systems to
basic kits

Also Avdilable from Trevigen:
Bcl-2 Family Antibodies *
Annexin V-Based Detection
Kits * DNA Laddering Kits ¢
PARP Products * TiterTACS™
96 Well Microplate Assay Kits
* DNA Damage Detection

TREVIGEN, INC.

8405 Helgerman Court
Gaithersburg, MD 20877
800-873-8443+301-216-2800
Fax: 301-216-2801
www.trevigen.com
info@trevigen.com

Revealed

Circle No. 64 on Readers’ Service Card






