(nearly 30,000 in all) and yielded results
that contradict conventional wisdom. Al-
though the 24 countries span all levels of
economic affluence, only modest differenc-
es were found in public awareness of envi-
ronmental problems and support for envi-
ronmental protection across their popula-
tions (1). In fact, Pearson product-moment
correlation coefficients for the relationships
between nations’ per capita gross national
product and 14 different measures of na-
tional-level environmental awareness and
concern were more often negative than pos-
itive—that is, public concern over environ-
mental problems was more likely to decline
rather than increase with the level of na-
tional affluence (2).

Overall, the Gallup results contradict
the view that “in the earlier stages of eco-
nomic development, increased pollution is
regarded as an acceptable side effect of eco-
nomic growth [but] when a country has
attained a sufficiently high standard of liv-
ing, people give greater attention to envi-
ronmental amenities.” This assumption is
also challenged by the widespread growth of
grass-roots citizens’ organizations devoted
to environmental protection in poor na-
tions around the world (3).

Environmental protection efforts are in-
deed typically stronger in wealthier nations

than in poorer ones, as Arrow et al. state,

and this likely stems from institutional and

economic problems within the latter coun-

tries (limited government resources, high

debt levels, limited scientific expertise, in-

adequate technological capacities, and so

forth), rather than a lack of concern with

environmental amenities by their residents.

In sum, the idea that citizen support for

environmental protection is strongly relat-

ed to national affluence may be even more

tenuous than the general proposition—so

effectively questioned by Arrow et al.—that

economic growth is inherently good for en-
vironmental quality.

Riley E. Dunlap

Department of Sociology,

Washington State University,

Pullman, WA 99164, USA, and

The George H. Gallup

International Institute,

100 Palmer Square,

Princeton, NJ 08542, USA

References

1. R.E. Dunlap, G. H. Gallup Jr., A. M. Gallup, Health of
the Planet (George H. Gallup International Institute,
Princeton, NJ, 1993); Environment 35, 6 (November
1993); R. E. Dunlap, in Green Globe Yearbook 1994,
H. O. Bergesen and G. Parmann, Eds. (Oxford Univ.
Press, Oxford, United Kingdom, and New York,
1994), pp. 115-126.

G s E T S e e e R s e e L ETTERS |

2. R. E. Dunlap and A. G. Mertig, talk presented at the
International Sociological Association’s Xl World
Congress of Sociology, Bielefeld, Germany, July
1995; revision in Social Dimensions of Contemporary
Environmental Issues: International Perspectives, P.
Ester and W. Schiuchter, Eds. (Tilburg Univ. Press,
Tilburg, the Netherlands, in press); S. R. Brechin and
W. Kempton, Soc. Sci. Q. 75, 245 (1994).

3. A.Durning, in State of the World 1989, L. R. Brown et
al., Eds. (Norton, New York, 1989), pp. 154-173; J.
Fisher, The Road from Rio: Sustainable Development
and the Nongovernmental Movement in the Third
World (Praeger, Westport, CT, 1993).

Telomeres, Telomerase,
and Cancer

Telomerase is an enzyme (a ribonucleopro-
tein complex) that synthesizes telomeric
DNA onto chromosome ends (1). Under cer-
tain conditions, it has been shown that lack
of this enzyme will result in loss (shortening)
of telomeres. Nam W. Kim et al. (Reports, 23
Dec. 1994, p. 2011) have developed a sensi-
tive assay for detecting telomerase activity by
means of which they show that

[in cultured cells representing 18 different hu-
man tissues, 98 of 100 immortal and none of 22
mortal populations were positive for telomerase.
Similarly, 90 of 101 biopsies representing 12 hu-
man tumor types and none of 50 normal somatic
tissues were positive.
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Their samples included seven colon tumor
cell lines and eight samples of colon cancer
tissues, all of which were positive for telom-
erase activity. The implication is that telom-
erase activity is required to maintain telo-
meres at the chromosome ends which, in
turn, is necessary to maintain cell replica-
tion and tumor growth, and that is why
cancer cells are positive for telomerase. The
implication makes sense.

Hastie et al. (2), on the other hand,
reported a significant reduction of telomere
length in 20 human colorectal carcinomas
(and in other conditions). Is it possible
that cancers other than colorectal carci-
noma will have shortened telomeres? If
the conventional telomerase is responsible
for the synthesis and maintenance of telo-
meres, then this data implies that there
should be little or no telomerase activity
in colorectal carcinoma. But this is not so
if the results of Kim et al. and Hastie et al.
are compared.

The findings by these two groups appear
to be at odds, at least with respect to cancers
of the colon (assuming that colon cancer
and colorectal carcinoma are comparable).
Kim et al. do not comment on this issue. It
would be helpful to have a discussion of this
apparent puzzle before embarking on “diag-
nostic and therapeutic applications” based

on telomerase assay. Can there be an expla-
nation to unify these apparently contradic-
tory observations? Is telomere reduction in-
dependent of telomerase? Is there a telo-
mere-degrading activity that is activated in
“cancers of the colon” (to suggest any tumor
involving the colon) and is the expression of
telomerase (as assayed by Kim et al.) a mea-
sure to counter this activity? Are cancer cells
an exception to the assumption that telo-
mere loss represents a type of a biological
clock with respect to the number of cell
divisions in a given tissue? Or is it that
sequential reduction of telomere length ap-
plies only to programmed cells, but not to
cancer cells, because these cells may undergo
an abrupt change in telomere size?

It is of interest to have a molecular mark-
er that can be used to distinguish between
benign and malignant tumors of bone and
cartilage. To assay for telomerase activity, as
suggested by Kim et al., is a possibility. Our
confidence in a diagnostic assay, however,
will depend on the clear understanding of
the underlying mechanism.

Gobinda Sarkar

Mark E. Bolander
Department of Orthopedics,
Mayo Clinic and Foundation,
200 First Street Southwest,
Rochester, MN 55905, USA
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Response: The simple hypothesis linking
telomere dynamics to cancer (1) begins
with the premise that cancer results from
multiple genetic hits that drive the process
of oncogenesis. Between hits, cell prolifer-
ation and selection occurs. Depending on
the nature and number of hits, many cell
doublings (more than 80) are likely re-
quired to generate an advanced cancer. Ear-
ly hits leading to preneoplastic lesions (for
example, adenomas) occur in cells that lack
telomerase activity. These mutations typi-
cally result in loss of growth control or in
genomic instability. Increased prolifera-
tion occurs in these cells, hence telomeres
shorten more rapidly than in cognate nor-
mal tissue. Telomere loss per division does
not change, only the rate of proliferation.
More mutations, required for these cells to
bypass the Hayflick limit, may involve
functional inactivation of tumor suppres-
sors such as p53 and Rb. Now in the phase
termed “extended lifespan,” these cells
proliferate, and their telomeres continue
to shorten. Cells then reach crisis, the
second mortality checkpoint. To bypass
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crisis, it appears that cells must reactivate
telomerase to prevent further loss of telo-
meres and to confer some measure of chro-
mosome stability. The result is an immor-
tal cell that proliferates indefinitely and
shows stabilized telomeres generally at the
shorter length. Thus, it is predicted that
tumor tissue should have shorter telomeres
than the normal tissue from which it was
derived, but if telomerase is now active, no
further telomere loss should be observed as
the tumor proliferates.

This hypothesis is best addressed by
prospective studies of telomere length and
telomerase activity over the course of the
disease. Such studies have been published
for cultured cells (2) and for human car-
cinomas (3), and the results support our
model. The findings in our recent report
and in the study by Hastie et al. (4) are
consistent, support the model, and address
the concerns of Sarkar and Bolander. In
three patients, Hastie et al. were able to
determine that telomeres in adenomas
(benign precursors of carcinomas) showed
a reduction similar in extent to that found
in the corresponding carcinoma. Hence
telomere loss occurred during the progres-
sion from normal to adenoma tissue, but
then no further loss occurred between ad-
enoma and carcinoma tissue. Correspond-

ingly, we found no telomerase activity in
normal colonic tissue, colonic polyp, or
colonic adenoma, but all colonic carcino-
mas examined were positive.

Beyond this simple model, other factors
must be considered. Although an impor-
tant function of telomerase is to maintain
telomeres, regulation of the intracellular
activity of telomerase could result in telo-
mere stabilization at virtually any length.
Telomeres that were short when telomer-
ase was activated could remain short, or
could be elongated until feedback stabi-
lized them. Conversely, telomeres that
were long when telomerase was activated
could continue to shorten if insufficient
activity were present until length stabili-
zation occurred. There is no a priori reason
why telomerase activity must be associated
with any particular telomere length, as
confirmed by the lack of correlation be-
tween telomere length and activity that
we reported.

High amounts of telomerase in cell ex-
tracts can be a result of multiple factors,
including a high fraction of telomerase-
expressing cells in a mixed population and
transitory imbalances in telomerase regu-
lation in cells where telomere length is
actually increasing. Little is known about
these possibilities, but such findings re-
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mind us that telomerase is but one piece of

the complex mechanism responsible for
telomere length regulation.
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Corrections and Clarifications

In the ScienceScope item “NIH to review gene
therapy program” (5 May, p. 627). Armo
Motulsky is incorrectly identified as “an eth-
icist.” Dr. Motulsky is a medical geneticist.
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