438

for 15 minutes and samples taken again to deter-
mine stress-induced corticosterone concentrations
from handling.

4. L. M. Romero and M. Wikelski, Proc. Natl. Acad. Sci.
U.S.A, in press.

5. General linear model repeated measures analysis of
variance, F(2,40) = 34.6, P < 0.001; for oil versus non-
oil, P < 0.001; for visible oil versus no visible oil, P =
0.17. Corticosterone levels were determined with a
standard radioimmunoassay (assayed in quadrupli-
cate). All samples were analyzed within one assay;
intra-assay variation was 6 + 0.3% SD, and the de-
tection limit was 0.5 ng/ml.

6. The research described here was supported by the
National Science Foundation under grant
IBN-0118069.

Removing CO, from
Lake Nyos in Cameroon

THE DEGASSING EXPERIMENT ONGOING AT
Lake Nyos, Cameroon, is not “unprece-
dented,” as John Pickrell says in his News
of the Week article “Scientists begin tam-
ing killer lake” (9 Feb., p. 965). It was
proved feasible, with pipes of the same di-
ameter, at Monoun in 1992 and at Nyos in
1995. Water from the lake bottom travels
up through the pipes, and the CO, is re-
leased in a jet of spray 45 meters high as it
comes out of solution near the surface.
Scaling up this experiment by adding five
similar pipes will allow the elimination of
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most of the 300 million cubic meters of
CO, currently dissolved in the lake’s deep
waters within S years.

There are concerns, however, that water
discharged from the jet might play the role of
cold rainwater, sometimes put forward as the
ultimate cause of the Nyos and Monoun
limnic eruption disasters. Indeed, the ~2500
square meters of the lake surface sprinkled by
the jet receive about the equivalent of a heavy
tropical rain (~8 centimeters per hour). But
the water resulting from the removal of CO, is
not “dense” water—it is lighter than the bot-
tom water precisely because it is not laden
with CO,. Moreover, it has been found that
expansion of the gas en route to the surface
through the degassing pipe is almost isother-
mal because of the low gas/water mass ratio
of the fluid being vented—the 1.8°C tempera-
ture drop of the two-phase flow along the pipe
brings the 25.2°C bottom water to a tempera-
ture very close to the mean temperature of
surface water (22° to 23°C). Also, because the
jet is 0.1 in relative density, it breaks down as
a hazy spray that thermally equilibrates swift-
ly with air and mixes uniformly with surface
water. Even in a worst case scenario, the pene-
tration depth of discharged water has been
calculated to be above the chemocline cur-
rently existing at 44 meters (/). Therefore,

concerns about cool water
sinking and disturbing deep
layers as a consequence of
the degassing process are
not relevant.
MICHEL HALBWACHS, JEAN-
CHRISTOPHE SABROUX?
1Universite de Savoie, BP 1104 Savoie Technolac,
F-73376 Le Bourget du Lac, France; e-mail:
mhalb@mail.univ-savoie.fr. 2Institut de Protection et
de Sareté Nucléaire, 389 Centre de Saclay, F-91191
Gif sur Yvette, France; e-mail: sabroux@accra.ipsn.fr
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Mutation in
Embryonic Stem Cells

A SINGLE HUMAN EMBRYONIC STEM (ES) CELL
might be modified in the laboratory to pro-
vide an unlimited supply of cells for thera-
py, according to Geron researcher Melissa
Carpenter in the News Focus article “Stem
cells: new excitement, persistent questions”
(G. Vogel, 1 Dec., p. 1672). This seems,
however, unlikely to be true. Mutations ac-
cumulate during DNA replication before
cell division, at a rate of about 1 in 10 bil-
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lion base pairs (/). With 3 billion base pairs
per cell in the human genome, about one in
every three cell divisions results in a muta-
tion. Cells derived from stem cells that have
replicated through many generations will
have accumulated mutations and be suscep-
tible to cancer or have decreased viability.
There is evidence that the body has evolved
to discard a lineage from a particular stem
cell for this reason, because replicative
senescence has been shown to be controlled
by the number of times a cell divides and
not by its chronological age (2).

Expecting an unlimited supply of cells
for therapy from a single ES cell is incon-
sistent with the nature of the evolution of
stem cells. A tier organization of stem
cells with sequentially diminishing poten-
tial is necessary for extended longevity in
complex, multicellular organisms. Stem
cells that supply cells for tissue therapy
would need to be replaced periodically.

Louis ROCCANOVA," PATRICIA RAMPHAL, 2

PHILIP RAPPA III?
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Response

EVIDENCE THAT THE EXPANSION OF HUMAN ES
cells for therapeutic use will not be hampered
by genetic mutation has been published in
three sets of studies. First, late-passage
murine ES (mES) cells (>250 doublings) and
cloned mES cells after genetic manipulations
extensively colonize embryos without signs
of crisis or transformation (/). Second, early-
and late-passage somatic cells, from fetal or
old donors, can be used to create cloned ani-
mals by nuclear transfer at about equal effi-
ciencies, and normal ES cells can be generat-
ed from clones (2). Third, telomerase-immor-
talized human cells are viable and nontrans-
formed, and retain differentiated function,
even after several hundred divisions (3). Hu-
man ES cells are telomerase positive, immor-
tal, clonable, pluripotent cells that form ma-
ture tissues containing cells derived from all
three embryonic germ layers when injected
into immune-compromised mice, even after
250 doublings in culture (4).

For human therapeutic applications,
Good Clinical Practice regulations will re-

quire the qualification of master and work-
ing cell banks. The limits for normal expan-
sion of human ES cells have not yet been
determined. To date, these cells are kary-
otypically normal after 250 population dou-
blings in vitro (4). Within 150 doublings,
there is ample room for genetic manipula-
tion, clonal selection, quality testing, and
creation of master and working cell banks
for subsequent differentiation under stan-
dardized procedures. Even if 80 doublings
were used in genetic manipulations, the last
70 doublings from a single cell would gen-
erate 10%! cells. And at 1% efficiency of the
final differentiation process, this would
yield enough cells to treat 10 million pa-
tients with 102 cells (~1 kilogram each).
The real issue at hand is the growing, un-
met clinical needs in chronic degenerative
diseases that are inadequately addressed by
conventional therapies. Organ dysfunction
commonly results from cell death due to ag-
ing or chronic damage in tissues with inher-
ently limited regenerative capacity (e.g.,
heart, brain, pancreas, kidney, and articular
cartilage). The best available candidates for a
source of safe, effective, and manufacturable
replacement cells are embryonic and perhaps
some somatic stem cells. Most somatic stem
cells, however, are rare, appear to be telom-
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erase negative, senesce within about 50 divi-
sions, and are usually difficult to isolate and
grow. Hematopoietic and mesenchymal stem
cells have had limited success, in part be-
cause of their inability to be easily cloned,
manipulated, and expanded. These are im-
portant features that limit the usefulness of
somatic stem cells for the development of
safe, efficacious, and cost-effective cell ther-
apies for the millions of patients with chron-
ic degenerative diseases.

In less than 3 years of work in a few
laboratories, undifferentiated human ES
cells have been shown to be genetically sta-
ble, immortal, clonable, and pluripotent
(4). Clearly, not all questions are answered,
but the point raised by Roccanova and co-
authors will likely not significantly affect
the use of human ES cells for human thera-
peutic applications.

CALVIN B. HARLEY, JANE S. LEBKOWSKI,
MELISSA K. CARPENTER, THOMAS B. OKARMA
Geron Corporation, Menlo Park, CA, 94025, USA

References and Notes

1. Y. Suda, M. Suzuki, Y. Ikawa, S. Aizawa, J. Cell. Physiol.
133, 197 (1987); E. Wolf, R. Kramer, . Polejaeva, H.
Thoenen, G. Brem, Transgen. Res. 3, 152 (1994).

2. M. J. Munsie et al., Curr. Biol. 10, 989 (2000); T.
Wakayama, |. Rodriguez, A. C. F. Perry, R. Yanagimachi,
P. Mombaerts, Proc. Natl. Acad. Sci. U.S.A. 96, 14984

(1999); W. M. Rideout Il et al., Nature Genet. 24, 109

SCIENCE'S COMPASS

(2000); R. P. Lanza et al., Science 288, 665 (2000); E.
Kawase, Y. Yamazaki, T. Yagi, R. Yanagimachi, R. A. Ped-
ersen, Genesis 28, 156 (2000).

3. X.-R. Jiang et al,, Nature Genet. 21, 111 (1999); C. P.
Morales et al, Nature Genet. 21, 115 (1999); M. M.
Ouellette et al., J. Biol. Chem. 275, 10072 (2000).

4. M.Amit et al., Devel. Biol. 227, 271 (2000).

More About Duikers
in Ancient Egypt

IN HIS LETTER “WERE THERE DUIKERS IN
ancient Egypt?” (2 Mar., p. 1701), Nicolas
Manlius describes a figure in a mural from
an ancient Egyptian tomb that resembles
the Jentink species of duiker (Cephalophus
jentinki). Duikers have not been listed
among the fauna of ancient Egypt, but on
the basis of several lines of evidence, Man-
lius suggests there might have been an iso-
lated duiker population that persisted in an-
cient Egypt north of other duiker popula-
tions and that served as the source for the
mural figure.

While preparing my dissertation The
Funerary Sacrifice of Animals During
the Predynastic Period (1), 1 came across
the following information. Although most
animal burials (not to mention interment
of disarticulated bones from food offer-
ings) of the predynastic period [~3200 to

3050 B.C. (2)] were
rarely identified as
to species, in a few
instances attempts
were made to do so.
Brunton reported the
skull and leg bone of

a duiker as a food

offering in a predy-
nastic grave at Matmar (in the Badari re-
gion) dated to the Naqada III period (3).
DIANE VICTORIA FLORES
Giza Archives Project, Museum of Fine Arts, 465
Huntington Avenue, Boston, MA 02115, USA. E-
mail: dflores@mfa.org
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CORRECTIONS AND CLARIFICATIONS

REPORTS: “X-ray pulses approaching the
attosecond frontier” by M. Drescher et al.
(9 Mar., p. 1923). In Figure 5, the number
“76.0” at the base of the y axis should have
read “75.0.”

O.N.C.E. INTERNATIONAL AID AWARDS
FOR TECHNOLOGICAL R&D FOR THE BLIND ——

The Spanish National Organisation of the Blind (O.N.C.E.) has announced the I ONCE
International Aid Awards for Research and Development into Technologies for the Blind, the purpose
of which is to reward, and contribute towards furthering, research that improves the quality of life
and the process of social and labour integration of all blind and visually impaired persons.

The ONCE R&D Aid Awards are granted every two years to those innovations and advances in
such areas as [T, telecommunications, biotechnology and engineering that involve the creation,
adaptation and use of machines or computer programs, whose development and practical
application lead to improvements for the blind and visually impaired.

The economic aid packages are as follows:

* One Award of thirty million pesetas (or the equivalent in Euros)
* Two Awards of ten million pesetas each (or the equivalent in Euros).

A Committee of experts of recognised prestige in the fields of typhlotechnology,
biotechnology, computing, engineering and other scientific areas shall evaluate the different
research projects presented for this contest.

Participants may be individuals or research organisations who, either personally or collectively,
present their projects within the period and in the manner established in the conditions of entry.
These may be consulted on the ONCE website —http://www.once.es/R+D- or may be requested
from the Awards Secretariat. The projects may be presented in either Spanish or English.

Those projects presented by members of research centres must be authorised by the
corresponding authorities. The projects that finally receive the awards, in accordance with the
demands or requirements of the selection Committee, must be completed within six months of
the date on which they are awarded the aid package.

Projects for this edition must be presented to the Secretariat of the ONCE International
Research and Development Aid Awards before January 1st 2002. The Selection Committee
shall announce the contest results in the first half of 2002.

For further information or details, please contact:

°\ Secretaria de los Premios, Ayudas ONCE I+D
A\ C/José Ortega y Gasset, 18 ¢ 28006 Madrid (Spain)
[OINICTE] el: 34-91-4365300 ¢ E-mail: srf@once.es ¢ http://www.once.es/R+D
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