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Telomeres and telomerase, hot topics in the aging literature in
recent years, will undoubtedly receive even more attention follow-
ing the award of the 2009 Nobel Prize in Medicine ‘‘for the discov-
ery of how chromosomes are protected by telomeres and the
enzyme telomerase” to Elizabeth Blackburn, her former student
Carol Greider, and Jack Szostak. The paper by Epel and colleagues
in this BBI issue (Epel et al., in press) represents the latest elegant
behavioral work on this topic from the investigators who pub-
lished the first paper linking stress and telomere length (Epel
et al., 2004), an observation that has now been confirmed by sev-
eral laboratories (Damjanovic et al., 2007; Parks et al., 2009).

In this report they replicate their original finding of lower basal
telomerase activity associated with chronic stress, and they also
show that an acute stressor boosts telomerase reactivity (Epel
et al., in press). Furthermore, they provide evidence that the
increased telomerase reactivity is independent of changes in num-
bers or percentages of monocytes, lymphocytes, and specific T-cell
types, and they show that two facets of the stress response, the de-
gree of threat and the magnitude of the cortisol response, are both
associated with larger increases in telomerase activity.

These studies of stress and cell aging are consequential for sev-
eral reasons. First, these cell aging measures have clinical signifi-
cance for health: a growing literature has linked shorter
telomeres and lower levels of the enzyme telomerase with adverse
health behaviors, aging, age-related diseases, and mortality (Epel
et al., in press).

The evidence linking psychological stress and cell aging is also
important because it signposts new pathways on the road from
stress to mortality—valuable new information about the ways that
stress kills. Psychological stress can boost inflammation (Kiecolt-
Glaser et al., 2003) as well as oxidative stress (Epel et al., 2004),
and both inflammation and oxidative stress accelerate telomere
attrition (Aviv, 2004). Inflammation triggers T-cell proliferation
and enhances the leukocyte turnover rate, one known cause of
telomere shortening, while oxidative stress accelerates telomere
attrition by promoting telomere erosion during cellular replication
(Aviv, 2004).

Psychological stress impacts telomere length through another
route as well. The enhanced replication of memory CD8+ T-cells in-

duced by cytomegalovirus (CMV) and/or Epstein–Barr virus (EBV)
antigens can exhaust virus-specific T-cells. These two herpesvirus-
es latently infect their host; their periodic reactivation provides a
source of viral antigens that stimulates a cellular immune response
to viral proteins. Chronic exposure to high CMV and/or EBV antigen
levels can promote progressive telomere shortening in antigen-
specific T-cells; sustained stimulation of cell division in virus-spe-
cific T-cells has been associated with reductions in telomere length
and telomerase activity in the CD8+ T-cells among even normal
healthy subjects (Pawelec et al., 2009; van Baarle et al., 2008).

Psychological stress clearly drives replication of several herpe-
sviruses including CMV and EBV by impairing the ability of the
cellular immune response to control viral latency (Glaser and Kie-
colt-Glaser, 1994). EBV and CMV infections are ubiquitous in
adults, e.g., greater than 90% of adults are seropositive for EBV
(Glaser and Kiecolt-Glaser, 1994), and thus the risk associated with
chronic stress-related reactivation is not trivial. Considerable cir-
cumstantial evidence has implicated CMV as a player in immu-
nosenescence as well as mortality (Pawelec et al., 2009). Chronic
psychological stress clearly enhances CMV and EBV replication
(Glaser and Kiecolt-Glaser, 1994), and through this route could
simultaneously promote reductions in telomere length and telo-
merase activity.

The original observation from Epel et al. linking chronic stress
to telomere length and telomerase activity will be a central touch-
stone for psychoneuroimmunology researchers for the foreseeable
future (Epel et al., 2004). Their newest work expands the mecha-
nistic base and tells us useful things about the links between psy-
chological and biological facets of the stress response and
telomerase activity.

Acknowledgments

Work on this paper was supported in part by NIH Grants
AG029562, CA126857, CA131029, AT003912, Ohio State Compre-
hensive Cancer Center Core Grant CA16058, and NCRR Grant
UL1RR025755.

References

Aviv, A., 2004. Telomeres and human aging: facts and fibs. Sci. Aging Knowledge
Environ. 51, pe43.

Damjanovic, A.K., Yang, Y., Glaser, R., Kiecolt-Glaser, J.K., Nguyen, H., Laskowski, B.,
Zou, Y., Beversdorf, D.Q., Weng, N.-p., 2007. Accelerated telomere erosion is

0889-1591/$ - see front matter � 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbi.2010.02.002

* Corresponding author. Address: Institute for Behavioral Medicine Research, The
Ohio State University College of Medicine, IBMR Building, 460 Medical Center Drive,
Room 130C, Columbus, OH 43210-1228, USA. Fax: +1 614 366 3627.

E-mail address: Janice.Kiecolt-Glaser@osumc.edu (J.K. Kiecolt-Glaser).

Brain, Behavior, and Immunity 24 (2010) 529–530

Contents lists available at ScienceDirect

Brain, Behavior, and Immunity

journal homepage: www.elsevier .com/locate /ybrbi



Author's personal copy

associated with a declining immune function of caregivers of Alzheimer’s
disease patients. J. Immunol. 179, 4249–4254.

Epel, E.S., Blackburn, E.H., Lin, J., Dhabhar, F.S., Adler, N.E., Morrow, J.D., Cawthon,
R.M., 2004. Accelerated telomere shortening in response to life stress. Proc. Natl.
Acad. Sci. USA 101, 17312–17315.

Epel, E.S., Lin, J., Dhabhar, F.S., Wolkowitz, O.M., Puterman, E., Karan, L., Blackburn,
E.H., in press. Dynamics of telomerase activity in response to acute
psychological stress. Brain Behav. Immun., doi:10.1016/j.bbi.2009.11.018.

Glaser, R., Kiecolt-Glaser, J.K., 1994. Stress-associated immune modulation and its
implications for reactivation of latent herpesviruses. In: Glaser, R., Jones, J.
(Eds.), Human Herpesvirus Infections. Dekker, New York, pp. 245–270.

Kiecolt-Glaser, J.K., Preacher, K.J., MacCallum, R.C., Atkinson, C., Malarkey, W.B.,
Glaser, R., 2003. Chronic stress and age-related increases in the
proinflammatory cytokine IL-6. Proc. Natl. Acad. Sci. USA 100, 9090–9095.

Parks, C.G., Miller, D.B., McCanlies, E.C., Cawthon, R.M., Andrew, M.E., DeRoo, L.A.,
Sandler, D.P., 2009. Telomere length, current perceived stress, and urinary stress
hormones in women. Cancer Epidemiol. Biomarkers Prev. 18, 551–560.

Pawelec, G., Derhovanessian, E., Larbi, A., Strindhall, J., Wikby, A., 2009.
Cytomegalovirus and human immunosenescence. Rev. Med. Virol. 19, 47–56.

van Baarle, D., Nanlohy, N.M., Otto, S., Plunkett, F.J., Fletcher, J.M., Akbar, A.N., 2008.
Progressive telomere shortening of Epstein–Barr virus-specific memory T cells
during HIV infection: contributor to exhaustion? J. Infect. Dis. 198, 1353–1357.

530 J.K. Kiecolt-Glaser, R. Glaser / Brain, Behavior, and Immunity 24 (2010) 529–530


