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GDF11: a fountain of youth for the 
ageing COPD lung?
Ma’en Obeidat,1 Don D Sin1,2

Smoking is the single most important 
causal risk factor for COPD. The public 
health campaigns and policies have 
worked to reduce smoking rates by over 
50% since those of the 1970s and are now 
at an all-time low in the UK,1 Canada and 
throughout most of the western world. 
Yet, curiously and paradoxically, the 
burden of COPD (as measured by its prev-
alence, hospitalisation and mortality rate) 
is at an all-time high in these countries, 
and over the next 20 years, the burden of 
COPD is expected to more than double.2 
Why? 

The answer is a simple math issue 
related to ageing. Most industrialised 
countries of the world are getting older 
and, unquestionably, COPD is an age-re-
lated disorder. Whereas COPD is almost 
unheard of in individuals less than 40 
years of age (even among heavy smokers), 
1 in 10 lifetime never-smokers and 1 in 3 
develop COPD by age 75.3 This notion of 
accelerated ageing of COPD is supported 
by animal models, which demonstrate 
premature appearance of emphysema-
tous lungs in mice, which have genetically 
altered age-related pathways (eg, Klotho 
mice).4

Physiologically, ageing can be defined 
as the progressive decline in homeostasis 
and loss of tissue and organ functions over 
time.5 Ageing is a risk factor for many 
(non-communicable) chronic conditions 
beyond COPD including cancer, conges-
tive heart failure, dementia, diabetes and 
osteoarthritis.5 The aetiology of ageing is 
unknown, but the most popular theory 
involves accumulation of reactive oxygen 
species (ROS) related to excess oxidative 
stress.6 At a cellular level, ageing mani-
fests as an irreversible loss of proliferative 
capacity of viable mitotic cells, termed 
cellular senescence. Unlike apoptotic 
cells, senescent cells remain metabolically 
active and display a senescence-associated 

secretory phenotype characterised by the 
production of proinflammatory cytokines 
such as interleukin (IL)-6, IL-8 and matrix 
metalloproteinases (MMPs).7 Despite 
the importance of the ageing process in 
COPD, the exact molecular drivers of the 
senescent lung of COPD remain largely a 
mystery.

One very interesting age-related protein 
that may modulate senescence is growth 
differentiation factor (GDF) 11. GDF11 
is a member of the transforming growth 
factor beta family of proteins. In 2014, 
GDF11 was named a runner-up for Science 
magazine’s breakthrough of the year.8 In a 
striking study of heterochronic parabiosis 
in which two mice of different ages were 
surgically joined to share the same circula-
tion, GDF11 was identified as a circulating 
factor that reversed cardiac hypertrophy.9 
This observation was advanced by a study 
in humans, which demonstrated a possible 
cardioprotective role of GDF11.10 Inter-
estingly, in this study, GDF11 was asso-
ciated with reduced total (and not just 
cardiovascular) mortality suggesting 
broader benefits beyond the cardiovas-
cular system. The finding was particu-
larly notable given the fact that GDF11 is 
widely expressed in a variety of different 
human tissues and organs.10 Intriguingly, 
other studies in mice demonstrated the 
benefits of GDF11 supplementation in 
reversing age-related dysfunction in skel-
etal muscle,11 improving cerebral blood 
flow and promoting neurogenesis in the 
brain.12 The effects of GDF11 in COPD, 
however, were unknown.

Onodera et al conducted a series of 
translational studies to delineate the 
possible role of GDF11 in the pathogenesis 
of COPD.13 First, the authors found that 
plasma GDF11 levels were significantly 
related to lung function, as measured 
by FEV1% predicted and were signifi-
cantly decreased in patients with COPD 
compared with control never-smokers or 
ex-smokers. Importantly, these relation-
ships were replicated in an independent 
cohort. Interestingly, GDF11 levels did 
not correlate with age of the patients. This 
may be due to the fact that GDF11 is a 
marker of biological ageing and cellular 
senescence rather than that of chrono-
logical ageing. An alternate explanation 
is that the two cohorts of this study had 

a relatively narrow range of age, which 
may have obscured the effects of age on 
GDF11 levels.

Moving on to in vitro studies, Onodera 
et al used immunohistochemistry and 
detected GDF11 expression mainly in 
airway epithelial cells and airway mesen-
chymal cells. The protein expression in 
lung fibroblasts and bronchial epithelial 
cells of subjects with COPD were signifi-
cantly reduced compared with those of 
controls. Importantly, protein markers of 
senescence, namely p53 and p16, were 
significantly increased in lung fibroblasts 
from patients with COPD, relative to 
those from controls, and the expression 
levels were inversely related to GDF11 
expression.

Two main phenotypes were described 
in the literature for cellular senescence: 
replicative, characterised by telomere 
shortening, and premature senescence, 
which can be stress induced.6 7 To identify 
which of these processes are affected by 
GDF11 in the context of COPD, human 
lung fibroblasts (HFL-1) were exposed 
to cigarette smoke extract (CSE), which 
led to decreased GDF11 production, as 
well as increased expression of p21, p53 
and the senescence-associated β-galacto-
sidase (SA-β-gal). GDF11 production was 
rescued when cells were pretreated with 
the antioxidant N-acetylcysteine. Treat-
ment of fibroblasts and primary bronchial 
epithelial cells with GDF11 also inhibited 
the CSE-induced SA-β-gal production 
and cell proliferation. However, replica-
tive senescence, defined as HFL-1 cells 
cultured to the 27th passage, was not 
affected by GDF11 treatment. However, 
the authors did not measure telomere 
length in these cells to confirm replicative 
senescence. Although preliminary, the fact 
that GDF11 levels were not significantly 
related to age and GDF11 treatment did 
not affect replicative senescence in vitro 
suggests its effects are specific to stress-in-
duced or premature senescence.

Next, the authors determined the role 
of GDF11 on oxidative stress. They found 
that GDF11 mitigated the CSE-induced 
ROS activity, suppressed the release of 
IL-8 and MMP-9, and restored tissue 
repair in fibroblasts. Their subsequent 
finding that GDF11 phosphorylated 
Smad2/3 offered some insights into the 
mechanisms of GDF11 signalling. Of 
greater relevance to COPD, the authors 
used primary cells from patients with 
COPD and found that GDF11 suppressed 
the expression of senescence markers p16 
and SA-β-gal in these COPD lung cells. 
Although these findings could have been 
confounded by selective expansion of 
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non-senescent population of cells, these 
experiments, nevertheless, raise the possi-
bility that GDF11 may have therapeutic 
potential to treat or even reverse cellular 
senescence in COPD.

The authors then went on to evaluate 
the effect of GDF11 on emphysema using 
an in vivo system. They used an elastase 
mouse model of emphysema treated with 
recombinant GDF11 for 21 days. While 
elastase exposure reduced the production 
of GDF11 and augmented p16 and p53 
production, GDF11 treatment protected 
the mice against cellular senescence and 
mitigated the development of emphysema 
related to elastase instillation. It should 
be noted, however, the elastase model 
induces acute lung injury and may not 
adequately mimic clinical COPD, which 
is characterised by chronic inflammation 
and aberrant repair. Nevertheless, taken 
together, this series of experiments suggest 
that GDF11 is involved in the pathogen-
esis of COPD by protecting cells against 
cellular senescence and by mitigating 
oxidative stress, and importantly, circu-
lating levels of GDF11 in plasma may act 
as a predictive biomarker for those who 
might benefit from GDF11 supplementa-
tion therapy.

These exciting findings by Onodera 
et al also provoke many questions. For 
instance, is senescence always detrimental 
and requires ‘abolition’? Are there down-
sides to decelerating  senescence such as 
carcinogenesis? The answer is not entirely 
clear. Senescence has been shown to be 
useful and may in fact have evolved as 
a mechanism to fight tumourigenesis.14 
As most things in biology, too little or 
too much of a ‘good thing’ may be detri-
mental. Onodera et al did not fully eval-
uate a possible dose–response relationship 
between GDF11 and various readouts in 
their experiments. Furthermore, while 
these early findings suggest strongly an 
important role of GDF11 in COPD (at 
least in mice), causality in humans remains 
elusive.

To this end, human genetics could assist 
in elucidating causality by providing unidi-
rectional flow of information from DNA 
to gene/protein expression and ultimately 
to disease. In published genome-wide 
association studies, GDF11 has not been 
significantly associated with COPD or 
lung function15 (accessed 20 April 2017). 
It may be that its effects are subtle and 
thus may not be able to achieve the strin-
gent genome-wide significance. Although 
circulating GDF11 levels were reported 

to be heritable (genetically determined) 
in mice,16 in different human tissues from 
the Genotype-Tissue Expression (GTEx) 
project, the expression of GDF11 mRNA 
was not genetically determined (GTEx 
portal accessed 20  April 2007). Further 
research using genetic manipulations and 
gene editing in specific cells and tissues 
may be crucial in establishing a causal role 
of GDF11 in human COPD.

The findings from Onodera et al are 
exciting and novel and may represent 
a new therapeutical and biomarker 
target to modulate COPD and estab-
lish cellular senescence as an important 
player in the pathogenesis of COPD. 
However, before accepting GDF11 as 
the ‘fountain of youth’ in preventing or 
perhaps even reversing the aged lungs of 
patients with COPD, additional trans-
lational studies are required to address 
some critical mechanistic questions 
that will elucidate the exact role this 
molecule plays in the pathogenesis of 
COPD. These may include experiments 
with transgenic mice expressing GDF11 
selectively in lung tissue to determine 
whether these mice are protected against 
development of air pollution or cigarette 
smoke-related emphysema (and whether 
the reverse is also true) or treatment of 
these animals with selective inhibitors 
or agonists of GDF11 for disease modu-
lation, and most importantly proof-of-
concept studies in patients with COPD 
to determine whether small molecule 
or antibody-based treatments related to 
GDF11 or its pathway can ameliorate 
key readouts in COPD including symp-
toms and lung function.
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