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INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is associated with an enhanced
chronic inflammatory response to noxious
particles or gases in the airways and the
lungs. Immunoreactions participate in the
reinforcement and increase of COPD
inflammation. The Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
in 2014 proposed that the target of drug
therapy is to relieve symptoms, reduce
acute exacerbations, and improve quality
of life and exercise endurance. In the stable
phase, drug therapy for COPD patients
at all levels centers on bronchial dilation
agents, such as LABA (long-acting beta2-
agonist) and LAMA (long-acting muscarinic
antagonist). Glucocorticoids used alone
are not recommended in current solution
but can be used in combination only for
patients classified as C and D (patients who
have high risk of acute exacerbations). The
above suggests the limitation and lagging
of current anti-inflammatory treatment.
Until now, there has not been a drug that
can defer the chronic decline of pulmonary
function or that can lower fatality rate
and reduce incidence of complications.
For this reason, early and effective anti-
inflammatory management are concerned
issues. Compared with bronchial asthma
patients, due to resistance to hormones,
COPD patients have unsatisfying anti-
inflammatory responses to conventional
glucocorticoids. Now that present anti-
inflammatory drugs are not enough to
satisfy clinical demands, novel antibiotics
and therapeutic targets are greatly expected.

Macrolides, containing 14-membered ring,

15-membered ring, and 16-membered
ring, are a kind of antibiotics separated
from Streptomyces. Their main function is
to suppress bacterial protein synthesis.
The 14- and 15-membered rings are not
only antibiotic but also anti-inflammatory
and immunomodulatory, suppressing the
neutrophils and macrophages in particular.
Ever since the 1980s, the successful
application of erythromycin in the treatment
of diffuse pan bronchiolitis (DPB) has
made people pay attention to the anti-
inflammatory function of macrolides.
As a result, they have been applied in
the management of other airway chronic
inflammation diseases such as COPD,
bronchiectasis, and bronchial asthma.
Thus, we will present a discussion on
current research status and inspiration on
macrolides in the treatment of COPD.

BASIC RESEARCH ON
MACROLIDES’ ANTI-
INFLAMMATORY AND
IMMUNOMODULATORY
FUNCTION

Previous studies have shown that through
reducing the amount of pro-inflammatory
factors, chemokines and all kinds of
adhesive factors, macrolides can lessen the
aggregation of neutrophils and macrophages
in airways so that they eventually produce
an anti-inflammatory effect.!! Latest animal
experiments show that in the pulmonary
emphysema model, intervention with
erythromycin can relieve inflammation and
emphysema in airways, lung parenchyma,
and pulmonary vessels caused by exposure
to cigarette smoke. Further research shows
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that in erythromycin-treated mice that were exposed
also to cigarette smoke, the numbers of neutrophils,
lymphocytes, and macrophages were significantly lower in
the cellular content of bronchoalveolar lavage fluid than
those in mice exposed only to cigarette smoke. Moreover,
various inflaimmation mediators and enzymes were also
decreased significantly, such as matrix metalloproteinase
(MMP)-2, MMP-9, TNF-alpha, and IL-6.*4 I vitro study
shows that the anti-inflammatory effect of erythromycin
is developed by suppressing the activity of H O -induced
human bronchial epithelial cells transcription factors, such
as activator protein 1 (AP-1) and nuclear factor (NF)-kappa
B.P Besides, erythromycin has preferable inhibiting effect
on inflammation and rebuilding of the pulmonary vessels
in emphysema mice.l’ Our recent research found imbalance
of lymphocytes such as Th1/Tcl, Th17/Tcl7, and Treg
in cigarette smoke-induced emphysema mice, while the
balance could not be restored after separation from the
exposure.” In cigarette smoke-induced emphysema mice,
after treatment with erythromycin, the Treg imbalance was
corrected to some degree in lung parenchyma, indicative
of erythromycin’s immunomodulatory effect.

Hormonal resistance is present in COPD patients, as
compared with bronchial asthma patients. Moreover,
large doses of glucocorticoids cannot suppress their lung
inflammation. The reason for this hormonal resistance
may be that in the smoking condition, oxidative stress and
nitrate activate NF-kappa B and P13K, resulting in lowered
expression and decreased activity of histone deacetylase
2.1 Recent 7z vitro study shows that erythromycin
downregulated the expression of cigarette extractive-
stimulated human macrophages NF-kappa B, leading to
upregulated expression and activity of histone deacetylase
2.”I'The above fundamental research shows that macrolides
are anti-inflammatory as well as immunomodulatory.

CLINICAL RESEARCH ON
MACROLIDES IN COPD

The pathological feature of COPD is chronic inflammation
in airways and lungs, characterized by infiltration of
neutrophils and macrophages. Macrolides can significantly
reduce the release of neutrophil inflammatory mediators,
thus theoretically being helpful in the control of
chronic inflammation in COPD. In recent years, several
randomized controlled trials (RCTs) show that macrolides
have a definite effect on acute exacerbations of COPD.
Seemungal ez a/"" applied erythromycin in the treatment
of 109 COPD patients in 12 months, and they found that
the exacerbation frequency of erythromycin group was
reduced significantly than that of the contrast group, but
it had no effect on forced expiratory volume in the first
second (FEV ) and inflammatory factors in blood and

phlegm, such as IL-6, IL-8, and C-reactive protein (CRP).
In our research with 31 COPD patients, we observed that
after the 6-month treatment of erythromycin (125 mg per
time, 3 times per day) COPD exacerbation frequency was
reduced and the level of neutrophil elastases was lowered
in the phlegm of COPD patients, as well as the number
of neutrophils was decreased in phlegm.I""! A larger RCT
on COPD was performed; 1142 were randomly assigned
to receive azithromycin, at a dose of 250 mg daily (570
participants), or placebo (572 participants) for 1 year.
And the hazard ratio for having an acute exacerbation of
COPD per patient-year in the azithromycin group was 0.73.
The frequency of exacerbations was 1.48 exacerbations
per patient-year in the azithromycin group, as compared
with 1.83 per patient-year in the placebo group. And the
median time to the first exacerbation was 266 days among
participants receiving azithromycin, as compared with 174
days among participants receiving placebo.'”! Azithromycin
improved quality of life. Patients with a diagnosis of COPD
who had received treatment for three or more exacerbations
in the previous year were randomly assigned to receive
500 mg azithromycin or placebo three times a week for 12
months. Azithromycin resulted in a significant reduction
in the exacerbation rate versus placebo. The exacerbation
rate per patient per year was 1.94 for the azithromycin
group and 3.22 for the placebo group. Azithromycin also
significantly postponed the first-time acute exacerbation.
The first exacerbation day was 130 for the azithromycin
group and 59 for the placebo group.”! In a latest meta-
analysis, macrolides were safe and effective in reducing the
acute exacerbation of COPD and benefit more significantly
when continuously applied to patients for 6 months.!"*

The above research studies show that macrolides reduce
inflammatory index such as neutrophil elastase in COPD
patients’ airways, lower acute exacerbation frequency, and
improve life quality for COPD patients.

CONCERNED PROBLEMS AND
APPLICATION PROSPECT OF
MACROLIDES IN COPD

The anti-inflammatory function of macrolides has been
recognized, but still the target population who may benefit
most and the proper timing in COPD remain unclear.
Uzun e¢f al. ! found that azithromycin maintenance
treatment was most beneficial for patients with a diagnosis
of COPD who had had three or more exacerbations in
the previous year. Besides, as for the moderate COPD
patients who were older or using antibiotics or steroids,
the use of azithromycin can effectively reduce the acute
severe exacerbations.!”! Simpson ez a/!' reported that in
stable COPD with neutrophilic bronchitis, the use of
azithromycin 250 mg daily for 12 weeks reduced severe
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exacerbations, sputum neutrophils, CXCLS8 levels, and
bacterial load. According to the 2014 GOLD guideline, a
new content of COPD with comorbid bronchiectasis was
added to the chapter of complications. With the application
of CT scanning in COPD evaluation, bronchiectasis
that already existed yet cannot be detected now can be
identified. These imaging changes are associated with
longer course of disease and increased mortality rate of
COPD. When treating bronchiectasis of COPD patients,
commonly used COPD medicines are recommended to
be added on the basis of bronchiectasis. Altenburg ez a/!'
discovered that the use of azithromycin (250 mg per day)
for 12 months significantly decreased the risk of acute
exacerbations in bronchiectasis. Similarly, Serisier ez 2/
observed that the use of erythromycin (400 mg per day)
for 2 months also significantly reduced the risk of acute
exacerbations in bronchiectasis. Thus, in treating COPD
with comorbid bronchiectasis, the use of macrolides may
be more beneficial. In subgroup analyses, it is shown that
macrolides behave better in treating COPD patient whose
lung function is GOLD II or L' suggesting that
macrolides may have a better anti-inflammatory effect in
the early stage of COPD. Even so, which subgroup of
COPD suits the most for long-term application and when
to use macrolide therapy still require further observation.

The therapeutic effect of macrolides on COPD has been
verified, but side effects and safety problems of long-term
administration are getting increasing attention. Commonly
seen side effects of macrolides include gastrointestinal
reaction, hepatic impairment, and hearing impairment.
Major cardiac toxicity includes torsades de pointes and
QT prolongation. It is more likely to happen in patients
who already suffer from QT prolongation, hypokalemia,
hypocalcemia, have below average heart rate or are using
anti-arrhythmia medicines. Ray ez a/!"" retrospectively
analyzed COPD patients who used azithromycin from
1992 to 2006, and during 5-day azithromycin therapy, as
compared with other antibiotic therapy, cardiovascular-
induced mortality rate increased. However, Svanstrom ez
al® reported that among patients aged from 16 to 64,
the use of penicillin and azithromycin did not result in
increased cardiovascular mortality rate. Mortensen e al*'!
carried out a retrospective cohort study, which compared
patients who were aged over 65 years and hospitalized with
pneumonia from 2002 through 2012 and were prescribed
azithromycin therapy and patients receiving other antibiotic
therapy. Their findings showed that as compared with other
antibiotic treatment, treatment with azithromycin was
associated with a lower risk of 90-day mortality. However,
they found significantly increased odds of myocardial
infarction but not any cardiac arrhythmias or heart failure.
Current documents show that patients who suffer from
cardiac toxicity when using macrolides are those who

already have other cardiac risk factors. Therefore, it is
suggested that during the therapy, cardiac risk factors and
basic condition of the patient should be fully evaluated.
Meanwhile electrocardiogram should be performed both
before and after the treatment to observe QT time.

Due to the widespread and long-term use of macrolides,
possible drug resistance problem is also drawing increasing
attention. For COPD patients as compared with the
contrast group, the use of azithromycin (250 mg per day)
for 12 months increased bacteria resistance to macrolides
(0.81 to 0.41).I" Because of this, the increase of macrolide-
resistant bacteria (Streptococcus pnenmoniae, Haemophilus
species, and Moraxella species) among people should get
more attention.” Thus, to overcome the defect of drug
resistance of long-term traditional macrolide therapy,
research on new types of anti-inflammatory non-antibiotic
macrolides has been taken into account, such as EM703
and CSY0073.%2" Currently, the latest research has found
a new type of macrolide medicine called solithromycin
(CEM-101). Compared with other traditional macrolide
medicines, CEM-101 is highly anti-inflammatory and
recovers the patients’ sensitivity to steroids by inhibiting
NF-kappa B and P13K.»>*1

The synergistic effect of combination therapy with
macrolides and other anti-inflammatory drugs also
deserves attention. Previous research studies suggest that
macrolides might recover COPD patients’ sensitivity to
steroids. Our 7z vitro study finds that the combination of
erythromycin and dexamethasone reduces the amount of
IL-8 produced by peripheral blood mononuclear cells and
U937 cells stimulated by cigarette extractive, thus producing
its anti-inflammatory effect (unpublished). Besides, we
have also discovered that by reducing the expression of
costimulatory molecules CD40 on the surface of dendritic
cells, erythromycin inhibits cigarette smoke extractive
from stimulating dendritic cells, inducing CD4" T cells
differentiation into Th17 cells (unpublished). Considering
that dendritic cells are the major antigen-presenting cells,
which connect innate immunity and acquired immunity,
this might be a new target spot for future COPD anti-
inflammatory treatment.

CONCLUSION

Although the function of macrolides in the treatment of
COPD has already turned from fundamental research
and small-sampled clinical research into large-scale multi-
centered clinical research, and gladly these research all
suggest that macrolides have unique anti-inflammatory
function in COPD, the mechanism still remains unclear, and
suitable COPD subgroups, staging and course of treatment
still need further observation. Compared with currently
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widespread LAMA, LABA, and inhaled glucocorticoids, the
status of macrolide therapy in COPD has not yet reached
consensus. Further fundamental research and more large-
scale multi-centered clinical research are needed.
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