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Abstract

The emergence of diseases associated with telomere dysfunction, including AIDS, aplastic anemia and pulmonary fibrosis,
has bolstered interest in telomerase activators. We report identification of a new small molecule activator, GRN510, with
activity ex vivo and in vivo. Using a novel mouse model, we tested the potential of GRN510 to limit fibrosis induced by
bleomycin in mTERT heterozygous mice. Treatment with GRN510 at 10 mg/kg/day activated telomerase 2–4 fold both in
hematopoietic progenitors ex vivo and in bone marrow and lung tissue in vivo, respectively. Telomerase activation was
countered by co-treatment with Imetelstat (GRN163L), a potent telomerase inhibitor. In this model of bleomycin-induced
fibrosis, treatment with GRN510 suppressed the development of fibrosis and accumulation of senescent cells in the lung via
a mechanism dependent upon telomerase activation. Treatment of small airway epithelial cells (SAEC) or lung fibroblasts ex
vivo with GRN510 revealed telomerase activating and replicative lifespan promoting effects only in the SAEC, suggesting
that the mechanism accounting for the protective effects of GRN510 against induced lung fibrosis involves specific types of
lung cells. Together, these results support the use of small molecule activators of telomerase in therapies to treat idiopathic
pulmonary fibrosis.
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Introduction

Telomeres are genetic elements that cap and protect the ends of

eukaryotic chromosomes. The enzyme telomerase is a specialized

reverse transcriptase that functions to extend telomeres in

proliferating cells. Most somatic cells in adult humans lack

sufficient levels of telomerase, and consequently, telomere reserve,

the total amount of all telomeric DNA in the genome, is gradually

depleted during aging [1]. Some cell types, such as hematopoietic

cells [2] and certain types of stem cells [3,4], express telomerase,

which can slow the rate of telomere attrition. If left unabated, the

depletion of telomeric reserve will eventually cause the critical

shortening of 1 or more telomeres, and cause cell senescence [1,5].

Re-activation of telomerase in human cells, for example by genetic

manipulation of the expression of telomerase reverse transcriptase

(TERT), the catalytic component of telomerase, can sufficiently

enhance telomerase activity to prevent the loss of, or even increase,

telomeric reserve in cells and prevent cell senescence [6]. Within

the past decade, a number of diseases or conditions have been

associated with mutations in telomerase and/or accelerated

telomere loss, including AIDS [7], dyskeratosis congenita [8,9],

aplastic anemia [10] and idiopathic pulmonary fibrosis (IPF)

[11,12,13].

IPF is a chronic and often fatal disorder with unknown etiology.

It affects over 5 million people worldwide with 40,000 deaths per

year (the same as breast cancer). Due to limited therapeutic success

the probability of a 5-year survival is approximately 50%. The

disease is typically diagnosed in middle-aged patients. IPF is

described as an aberrant wound healing response after recurrent

alveolar injury [14,15], where restitution of the epithelial integrity

and the restoration of tissue structure and function, important

steps in normal healing, are compromised. Proliferation and

repopulation of denuded alveolar epithelial cells (AEC) is not

observed, while excessive AEC apoptosis has been reported [16].

Moreover, shorter telomere length that over time leaves the

epithelium susceptible to senescence has also been reported in

sporadic IPF patients. In addition, some patients have a familial

disorder that segregates as a dominant trait with incomplete

penetrance [17,18]. Among the disease-causing genes in familial

IPF, mutations in the genes encoding telomerase (Tert and the

RNA component of telomerase (TR)) are found in approximately

PLOS ONE | www.plosone.org 1 March 2013 | Volume 8 | Issue 3 | e58423


