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Geroprotectors as a therapeutic strategy for
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Abstract: Although current therapies in chronic obstructive pulmonary disease (COPD) improve
the quality of life, they do not satisfactorily reduce disease progression or mortality. There are
still many gaps in knowledge about the cellular, molecular, and genetic mechanisms contributing
to pathobiology of this disease. However, increasing evidence suggests that accelerated
aging, chronic systemic inflammation, and oxidative stress play major roles in pathogenesis
in COPD, thus opening new opportunities in therapy. Therefore, the aim of our review was to
describe and discuss some of the most widely used therapeutics that affect the root cause of
aging and oxidative stress (metformin, melatonin, sirolimus, statins, vitamin D, and testosterone)
in context of COPD therapy.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a complex, multicomponent disease
associated with pulmonary and extrapulmonary manifestations.! Although current
therapies in COPD improve the quality of life, they do not satisfactorily reduce disease
progression or mortality. The reason is that there are still many gaps in knowledge
about the cellular, molecular, and genetic mechanisms contributing to pathobiology
of this disease.? The evidence for the role of accelerated aging in COPD progression
is growing, and senescence is one of the possible molecular pathways for the devel-
opment of COPD.?

Likewise, the other well-documented theory suggests that chronic systemic
inflammation plays the major role in pathogenesis of COPD. Inflammatory local
response to inhaled particles and gases might spread out of the respiratory tract (the
“spill-over” theory), or alternatively, one common trigger (like tobacco smoking)
induces systemic inflammation first, and different organ manifestations result from this
common root.>* Interestingly, inflammation persists years after cessation of the harmful
exposure, for example, cigarette smoke.>® On the other hand, it is known that about
15%—-20% of all smokers develop COPD, suggesting a role of genetic vulnerability.””’
Oxidative stress crucially contributes to the pathogenesis of COPD, however, few
studies have examined the effects of antioxidants in this condition.!°

Pro inflammatory mediators such as C-reactive protein (CRP), fibrinogen, and
interleukin 6 (IL-6) are also associated with ageing and comorbid diseases of COPD,
such as cardiovascular disease (CVD), obesity, and diabetes and are believed to actively
participate in the pathogenesis of these conditions.'" '

There are therapeutic possibilities targeting the root cause of aging and age-related
diseases which slow down the aging process. Ito et al called them geroprotectors.>!*
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Therefore, the aim of this narrative review was to describe
and discuss some of such therapeutics of COPD context.
These may include, at least metformin, melatonin, sirolimus,
statins, vitamin D, and testosterone.

Materials and methods

The initial search was conducted using PubMed with the
subject headings “COPD” and “geroprotectors.” Detailed
headings in the area of metformin, statins, vitamin D,
melatonin, and sirolimus were used, as provided in Table 1.
Only articles written in English, with available abstracts, were
retrieved. For relevant titles, the abstracts were reviewed,
and if still relevant, the full versions of the articles were
obtained. References within the selected articles were also
reviewed for their relevance. Table 1 shows the number of
hits and final selection for each thematic area. According
to preferred reporting items for systematic reviews and
meta-analysis (PRISMA) guidelines, this review should be
classified as a narrative systematic review."

Metformin

Metformin (N,N-dimethylbiguanide) is an anti-glycemic,
biguanide class drug, used in the treatment of diabetes
mellitus and polycystic ovarian syndrome.> However,
metformin may offer additional benefits in COPD as well.
Nowadays, we reconsidered the traditional contraindica-
tions for metformin.'® There is also no apparent reason why
patients with CVD and COPD should discontinue metformin
therapy.'® There is an evidence suggesting that the use of
metformin correlates with a decreased risk of lung cancer,
39%—-45%.!” On the other hand, Bodmer et al stated that
long-term use of metformin (=40 prescriptions) was not
associated with an altered risk of lung cancer (adjusted
OR 1.21, 95% CI1 0.97-1.50)."

It was also shown that pretreatment with the use of
metformin limits the growth of Staphylococcus aureus in
the lungs. Hyperglycemia promotes respiratory S. aureus
infection, and metformin modifies glucose flux across the

Table | The process of Pubmed search in selected areas

Search term PubMed Initial Finally

search search included
(abstracts) full texts

COPD and geroprotector 2 2 2

COPD and metformin 29 16 9

COPD and melatonin 19 10 8

COPD and sirolimus 9 2 2

COPD and vitamin D 249 74 Il

COPD and statin 213 43 17

airway epithelium to limit hyperglycemia induced bacterial
growth. Garnett et al provided the new evidence that
metformin reduces glucose flux into the lungs by reducing
transepithelial permeability, independently of its known
blood glucose-lowering effects.” This highlights a new
potential therapeutic benefit of metformin in the prevention
and treatment of lung infection.

One of the latest retrospective research proves that
patients with type 2 diabetes mellitus (T2DM) treated with
metformin who had been admitted to hospital for COPD
exacerbations were associated with a survival benefit,
compared to those treated without it.?

A few studies demonstrated that metformin can minimize
the rate of aging and decrease glucose, insulin, and IGF-1
level.?! Metformin may activate AMPK in several cells such
as skeletal muscle, heart, endothelial, and hepatocytes. In this
way it slows down glucose production in the liver and reduces
insulin resistance in the muscle.* However, as metformin
cannot activate AMPK in respiratory system because lung
tissue has a very low expression of a receptor responsible
for metformin uptake in cells, it is unlikely to affect the lung
epithelial cells directly, but possibly affect other types of
cells such as alveolar macrophages and immune cells in the
respiratory system.>

Sexton et al conducted a prospective open-label obser-
vational study. Participants with moderate or severe COPD,
obese, and diabetes mellitus or impaired glucose tolerance
took metformin twice daily for 6 months.? Clinical results
included St George’s Respiratory Questionnaire (SGRQ),
transition dyspnea index, and incremental shuttle walk test.
Physiological outcomes include pulmonary function tests,
exhaled nitric oxide, respiratory mouth pressures, and
handgrip strength. In total, 17 participants completed the
study. SGRQ score improved by a median of 5 points, and
transition dyspnea index scores improved by 2 points. Inspira-
tory mouth pressures increased by 7.5 cm H,O. There were
trends to improvements in hyperinflation, gas trapping, and
shuttle walk distance. Spirometry and exhaled nitric oxide
were unchanged. In this proof-of-concept study, metformin
may be related to increased inspiratory muscle strength which
improves dyspnea and general quality of life in COPD. Those
endpoints ought to be tested in a definitive study.?

Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a pineal indole
hormone. According to some studies, this hormone may
extend the life span of mice, rats, fruit flies, and nematods.>?!
Melatonin, besides its function on the circadian rhythms,
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is also reported to exert a strong antioxidant activity by
scavenging OH, O2—, and NO.

A few studies have shown that melatonin may do a lot
for sleep quality in COPD. Two researches have shown that
compared with placebo, melatonin administration signifi-
cantly improved sleep quality evaluated by global Pittsburgh
Sleep Quality Index (PSQI) score, and individual components
of PSQI, such as sleep quality, sleep latency, sleep efficacy,
and sleep duration improved significantly. No differences in
daytime sleepiness, lung function, and functional exercise
level were observed in both studies.?*

Gumral et al suggest that the episodes of asthma or COPD
might be associated with elevated levels of oxidative stress.
Authors observed that oxidative stress in the exacerbation
period of patients with asthma and COPD increased whereas
the antioxidant enzymes and melatonin values reduced.?

Shin et al observed the effects of melatonin on the
progress of COPD using cigarette smoke (CS) and lipopoly-
saccharide (LPS)-induced COPD model.?* The mice were
exposed intranasally to LPS. Then, they were treated with CS
for 1 hour per day (8 cigarettes per day) from day 1 to day 7.
Melatonin (10 or 20 mg/kg) was injected intraperitoneally
1 hr before CS exposure. The drug significantly decreased
the neutrophil count in the bronchoalveolar lavage fluid.
Also the reduction of the pro inflammatory mediators was
observed. Melatonin inhibited Erk phosphorylation and Sp1
expression induced by CS and LPS treatment. Melatonin
also slowed down airway inflammation with a reduction in
myeloperoxidase expression in lungs. In vitro experiments
reported that melatonin suppressed the elevated expression
of pro inflammatory mediators induced by cigarette smoke
condensate (CSC) treatment. It reduced Erk phosphorylation
and Spl expression in CSC-stimulated H292 cells. In addi-
tion, co-treatment of melatonin and Erk inhibitors signifi-
cantly decreased the pro inflammatory mediators with greater
reductions in Erk phosphorylation, and Sp1 expression than
that observed in H292 cells treated with Erk inhibitor alone.
Those results together, melatonin effectively inhibited the
neutrophil airway inflammation induced by CS and LPS treat-
ment, which was closely related to down regulation of Erk
phosphorylation. These endpoints suggest that melatonin may
have a therapeutic potential for the treatment of COPD.?

Melatonin has been tested on the effects of melatonin as
antioxidant in COPD in randomized, double-blind, placebo-
controlled study in clinically stable moderate to very severe
COPD. Oxidative stress was evaluated by 8-isoprostane
levels in exhaled breath condensate at baseline, and after 1,
2, and 3 months of 3 mg melatonin treatment. In addition,

exhaled breath condensate levels of IL-8, dyspnea severity
assessed in Medical Research Council scale, spirometry,
and 6-minute walk test were compared at baseline and after
treatment. Patients taking melatonin showed a decrease in
8-isoprostane with significant differences from baseline after
2 (P=0.03) and 3 months (P=0.01). Melatonin improved
dyspnea (P=0.01), despite no significant changes in spirom-
etry or 6-minute walk test.!

Furthermore, next studies revealed that o, B-unsaturated
aldehyde acrolein in CS induces the production of IL-8,
which is related to bronchitis, rhinitis, pulmonary fibrosis,
and asthma.?’?’ In addition, pulmonary fibroblasts secrete
IL-8, which has a chemotactic effect on leukocytes, and
which in turn, play a crucial role in lung inflammation.
Melatonin effect antioxidant and anti-inflammatory by the
reduced expressions of iNOS, IL-1p and IL-6, and increased
glutathione (GSH) and superoxide dismutase activities.
Kim et al tested whether melatonin suppresses acrolein-
induced IL-8 secretion in human pulmonary fibroblasts
(HPFs).” It revealed that acrolein-induced IL-8 production
was accompanied by increased levels of phosphorylation of
Akt and extracellular signal-regulated kinases (ERK1/2) in
HPFs, and in this way melatonin suppressed IL-8 production
in HPFs. These findings suggest that melatonin suppresses
acrolein-induced IL-8 production via ERK1/2 and phosphati-
dylinositol 3-kinase (PI3K)/Akt signal inhibition in HPFs.

The role of melatonin in the long-term management
of COPD patients should be examined in further studies.”’

Sirolimus

Sirolimus is an immunosuppressive agent used to prevent
rejection in organ transplant patients. It is an inhibitor of
mammalian target of rapamycin (mTOR). Recent findings has
shown that it also extends the life span of yeast, Caenorhabditis
elegans, Drosophila melanogaster, and mice.’® Long-term
study of mTOR has not been planned in COPD yet.? It should
be considered because it regulates translation initiation, and
elongation, ribosome biogenesis, cell-cycle progression, lipid
synthesis, mitochondrial biogenesis, and autophagy.*

Vitamin D
Although vitamin D is traditionally related to bone turnover,
in recent years there is increasing evidence that low vitamin D
levels are associated with numerous autoimmune diseases,’!
cancer,*? and infections.?

According to the meta-analysis performed by Zhu, the
serum levels of 25-hydroxyvitamin D (25(OH)D), in COPD
patients was comparable with controls in cohort studies
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but was significantly lower in case—control studies.’** The
deficiency rate of 25(OH)D was comparable between COPD
and controls both in cohort and case-control studies.?>3

Until now, five studies examining curative effect of
vitamin D supplementation have been published. In 2012,
Lehouck et al published data of randomized, double-blind
placebo-controlled study, in which 91 patients on active
treatment with 100,000 IU of vitamin D, and 91 on placebo
were enrolled.”” Neither the median time to exacerbation
nor exacerbation rate, forced expiratory volume in 1 second
(FEV) value, hospitalization rate, quality of life, nor mortality
differ between two subgroups after 1 year of follow-up.
However, when the post hoc analysis of 30 patients with
severe vitamin D deficiency (25(OH)D levels <10 ng/mL
at a baseline) was performed, it revealed that the rate of
exacerbations per patient/year decreased by 43%, although
the time to exacerbation did not differ in this subgroup.
Also in 2012, Hornikx et al published a post-hoc analysis
of the Lehouck study in which 50 subjects who entered
the pulmonary rehabilitation program during the trial were
studied.’® The influence of vitamin D supplementation on
the outcome of rehabilitation program was studied. Patients
receiving vitamin D (100,000 I[U/month during 1 year) had
larger improvements in inspiratory muscle strength and
maximal oxygen uptake, but the quadriceps strength and
6 minutes walking did not differ.

Another short-time study (6 weeks) on relatively small
group of patients (18 patients receiving vitamin D, and 18 on
placebo) assessed the effect of supplementation with
2,000 IU of vitamin D daily on physical performance, which
was assessed by Short Physical Performance Battery score.*
Patients also filled the SGRQ containing domains assessing
respiratory symptoms, limitations due to breathlessness,
and the impact of lung disease on social and psychological
functioning. The study showed no effect of short-term
treatment with vitamin D on physical performance. In the
multicenter double-blind placebo-controlled study of Mar-
tineau, the effect of vitamin D was administered bimonthly
for 1 year (120,000 IU each dose) on exacerbation rate and
upper respiratory infections.** There was no difference in
the time to first moderate or severe exacerbation or time to
first respiratory infection in the group with vitamin D versus
placebo but vitamin D supplementation was protective for
moderate to severe exacerbation only in the subgroup with
baseline 25(OH)D level below 50 nmoL/mL.*

The study of Zendedel et al included 44 patients with
COPD treated with 100,000 IU of vitamin D per month for
6 months, and 44 patients were included to placebo group.*

The exacerbation rate decreased significantly, and also the
increase in FEV | values was observed; however, it has to
be noticed that baseline 25(OH)D levels were not assessed
in the study.

To sum up, the beneficial effect of vitamin D on exacer-
bation rate is observed only in the group of COPD patients
with deficiency of vitamin D. The results of the double-blind
placebo-controlled studies suggest also that correction of
vitamin D deficiency in patients with COPD reduces the risk
of exacerbation, and can influence the outcomes of respira-
tory rehabilitation program.

Statins
Statins are the inhibitors of 3-hydroxy-3-methylgluteryl
coenzyme A (HMG-CoA) reductase, and are the most potent
cholesterol lowering agents. Currently the indications for
use of statins include hypercholesterolemia, coronary heart
disease, and diabetes.*> However, their pleiotropic activity
has been stressed: a positive effect on vascular endothelium
and oxidative stress as well as anti-proliferative and anti-
inflammatory activity.** There are several works concerning
the impact of statins on chronic systemic inflammation in
patients with COPD but the underlying mechanism has not
been yet precisely defined.* Data from both retrospective and
randomized controlled trials (RCTs) has shown the reduc-
tion in CRP level, or in a concentration of a number of pro
inflammatory cytokines in COPD patients.* In a prospective
study of Lee et al, 6 months of administration of pravastatin
(40 mg/day) was associated with reduction of high sensitive
CRP in a cohort of clinically stable COPD individuals.* In a
group of patients with stable COPD, a 4-week treatment
with 20 mg daily simvastatin was connected with reduction
of IL-17, IL-6, and IL-22, and up regulation of IL-10 in the
induced sputum.?’ The anti-inflammatory effect was also
observed in a lung tissue. In a recent randomized study, Mroz
et al demonstrated that 12-week treatment with atorvastatin
40 mg/day was associated with reduction of local lung inflam-
mation in patients with mild to moderate COPD as compared
with control group.*®

There have been many attempts to prove that the anti-
inflammatory effects of HMG-CoA reductase inhibitors
demonstrated in COPD patients can be translated into major
clinical outcomes.* Reduced risk of COPD exacerbation in
statin users was observed by Wang et al*® and by Ingebrigtsen
et al’' however, in this study the positive effect was not
seen in the most severe COPD cases without cardiovascular
comorbidity. In a population-based cohort in New Zealand,
statin treatment was associated with a reduction in all-cause
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Table 2 Summarization of geroprotectors described in the review

Drug Selected mechanisms Classic indications Potentially beneficial effects in COPD

of action

Metformin Anti-glycemic, biguanide Diabetes mellitus and polycystic Better survival, limit hyperglycemia induced bacterial growth,

class drug ovarian syndrome improvement in SGRQ score, transition dyspnea index scores,
and inspiratory mouth pressures, trends to improvements in
hyperinflation, gas trapping, and shuttle walk distance.

Melatonin Pineal indole hormone Circadian rhythms disturbances Antioxidant and anti-inflammatory activity, improvement of
sleep quality, sleep latency, sleep efficacy, and sleep duration.

Sirolimus Inhibitor of mTOR; Prevent rejection in organ Regulation of translation initiation, and elongation,

immunosuppressive agent transplant patients ribosome biogenesis, cell-cycle progression, lipid synthesis,
mitochondrial biogenesis, and autophagy.

Vitamin D Bone turnover Vitamin D deficiency Improvements in inspiratory muscle strength and maximal
oxygen uptake, in the group of COPD patients with deficiency
of vitamin D. It may decrease exacerbation rate.

Statins Inhibitors of (HMG-CoA) Hypercholesterolemia, coronary Positive effect on vascular endothelium and oxidative stress as

heart disease, and diabetes

well as anti-proliferative and anti-inflammatory activity.

Abbreviations: SGRQ, St George’s respiratory questionnaire; HMG-CoA, 3-hydroxy-3-methylgluteryl coenzyme A.

mortality at 3—4 years after first admission for COPD, irre-
spective of comorbid conditions.’> Another retrospective
analysis conducted in patients with COPD from Scotland
showed positive effect of statins used in secondary prevention
on cardiovascular events, and mortality.>* In a prospective
study during 1 year follow-up of 245 patients admitted to
hospital due to COPD exacerbations, the use of statins was
associated with a lower risk for subsequent exacerbation but
had no effect on mortality.>* Prospective observation from
Taiwan showed that statins were associated with decreased
hospitalization rate due to COPD in patients newly diagnosed
with this disease.> The all-cause mortality in statin users with
COPD was also reduced in a follow-up of a population from
Rotterdam study, and the result was related to the baseline
hsCRP level .’

However, despite the promising results of retrospective
and prospective observational studies, RCTs did not confirm
the positive effect of statin therapy on the frequency of COPD
exacerbations, COPD-related mortality, and other major
clinical outcomes.

The simvastatin in the prevention of COPD exacerbations
(STATCOPE) study, the largest published randomized con-
trolled trial on the use of statins in COPD, was conducted in
a population of 885 patients with a high risk of exacerbation
without indication to cholesterol-lowering therapy. In this
study, the use of simvastatin 40 mg/day was not associated
with the reduction in exacerbation rate (primary outcome) or
the in time to an exacerbation.’” Another RCT, radiation dose
among different endovascular procedures (RODEO) study,
showed no improvement of vascular function or ventilatory
parameters in COPD patients treated with 10 mg/day rosuvas-
tatin as compared to placebo group. Similar to STATCOPE,

RODEQO trial subjects with conventional indication to statin
therapy were excluded.®®

Despite all the large and constantly growing number of
studies, there is not enough evidence for recommending the
introduction of statins for the treatment of COPD. It has
been suggested that the anti-inflammatory effect is dose-
dependent, may be related to the type of HMG-CoA reductase
inhibitor, and probably is more pronounced in individuals
with cardiovascular comorbidities.** However, statins still
remain a promising therapeutic option for COPD patients,
and there should be more research to establish their role in
the treatment of COPD. Table 2 summarizes the geroprotec-
tors described above.

Conclusion

Although there are numerous reports suggesting a promising
place of geroprotectors in therapy of COPD, number of meta-
analyses which provide best quality evidences is limited.
However, present state of knowledge lets us to recognize
them as a new therapeutic approach which may ameliorate
prognoses of patients with COPD.
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