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Fourteen-Member Macrolides Suppress Interleukin-8 Production but
Do Not Promote Apoptosis of Activated Neutrophils
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A 14-member macrolide was found to inhibit interleukin-8 (IL-8) synthesis in lipopolysaccharide-stimulated
neutrophils but did not accelerate apoptosis in activated neutrophils. These data suggest that 14-member
macrolides achieve clinical efficacy for chronic airway diseases partly by suppressing IL-8 production by
activated neutrophils, but not by enhancing apoptosis in these cells.

Inflammation in the airways of patients with chronic airway
diseases (CAD), such as diffuse panbronchiolitis (DPB), is
characterized by dense neutrophil infiltration (6, 7, 17). Our
data and those of others have confirmed that a perpetual cycle
involving interleukin-8 (IL-8) production and neutrophil accu-
mulation exists in the airway and that bronchial epithelial cells
and neutrophils serve as important sources of this chemokine
(17, 21). Furthermore, it has been shown that long-term ther-
apy with low doses of erythromycin (EM) or clarithromycin
(CAM) is effective for patients with CAD including DPB (7–9,
17, 20, 21). The mechanism of action of the 14-member mac-
rolides in the case of CAD appears to involve their antiinflam-
matory effects (1, 7, 17, 20).

We have recently demonstrated that neutrophils that have
accumulated in the airways of patients with DPB produce IL-8
and undergo apoptosis (H. Yoshimine, K. Oishi, Y. Tsuchi-
hashi, K. Matsushima, and T. Nagatake, abstract from the 2000
International Conference of the American Thoracic Society,
Am. J. Respir. Crit. Care Med. 161:A338, 2000), although
apoptosis is delayed in neutrophils that have migrated into the
airways (11, 25). Apoptotic neutrophils are ingested by mac-
rophages without the release of inflammatory mediators via
surface recognition mechanisms (4, 12, 13, 19), while necrotic
cells liberate neutrophil serine proteinases, such as neutrophil
elastase, and exacerbate the inflammatory response (16, 17).
This process is generally accepted as a central mechanism by
which inflammatory lung diseases are resolved (5, 13). It
would, therefore, be of interest to determine whether macro-
lides including EM affect apoptosis and the production of IL-8
by activated neutrophils. We report here an evaluation of the
effects of 14-member macrolides and other antibiotics on both
IL-8 production and apoptosis of human neutrophils with or
without lipopolysaccharide (LPS) stimulation.

Dexamethasone 21-acetate (DEX; Sigma Chemical Co., St.

Louis, Mo.), MG-132 (BIOMOL Research Laboratories, Inc.,
Plymouth Meeting, Pa.), erythromycin A (EMA), CAM, josa-
mycin (JM), ampicillin (AMP), and cefaclor (CCL) were dis-
solved in dimethyl sulfoxide (DMSO) and subsequently diluted
in Iscove’s modified Dulbecco’s medium (IMDM). Neutrophils
were purified from the peripheral blood of a healthy volunteer
as previously described (17) and suspended at a concentration
of 5 � 106 cells/ml in IMDM with 10% autologous sera in
96-well flat-bottom flexible plates (Becton Dickinson, Oxnard,
United Kingdom). Neutrophils were incubated with either
DEX, MG-132, or an antibiotic at the indicated concentrations
for 1 h, after which LPS from Pseudomonas aeruginosa sero-
type 10 (Sigma) was added to the wells, and cells were cultured
in the presence of 10% heat-inactivated autologous sera at
37°C under 5% CO2. After incubation, culture supernatants
were stored at �80°C until use. Neutrophils were collected
from the flexible plate, centrifuged, stained, and counted in
order to determine the percentage of cells with a highly dis-
tinctive apoptotic morphology (10, 24, 25). To measure cell
membrane changes associated with apoptosis, collected neu-
trophils were labeled with annexin V-fluorescein isothiocya-
nate (Beckman Coulter Co., Marseille, France), which labels
membrane phosphatidylserine residues, and were analyzed by
flow cytometry (24). IL-8 protein levels in culture supernatants
were determined as previously described (17). Neutrophils
were incubated with each reagent or with an antibiotic at 5 �
106 cells per ml in 96-well culture plates for 48 h, as described
previously, to determine cytotoxicity (23). For Northern blot
analysis, neutrophils were incubated with either EM, CAM, or
DEX at a concentration of 5 � 106 cells/ml in the presence of
10% heat-inactivated autologous sera for 1 h, followed by
stimulation with LPS at 1 �g/ml for 30 min in flexible plates.
After neutrophils were collected, total RNA from 3 � 107 cells
was extracted and levels of IL-8 and control glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) mRNA transcripts were
evaluated as described previously (26). The percentage of ap-
optotic cells or the IL-8 levels were compared by one-way
analysis of variance and multiple-comparison methods using
the Bonferroni-Dunn test. Data were considered statistically
significant if P values were less than 0.05.
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DEX significantly suppressed the percentage of spontaneous
neutrophil apoptosis, as estimated by morphology (Fig. 1A)
and annexin V binding (Fig. 1B), at 24 h postincubation com-
pared with that for untreated controls. This inhibitory effect of
DEX on spontaneous apoptosis has been demonstrated previ-
ously by Cox and Austin (3). Others have shown that stimula-
tion with LPS (1 �g/ml) also significantly suppresses neutrophil
apoptosis, as evidenced by morphology and annexin V binding
(10, 24). No significant change was found in the percentage of
neutrophil apoptosis, as evidenced by morphology or annexin
V binding, after treatment with EMA or CAM (10 �g/ml) for
24 h, irrespective of the presence of LPS (Fig. 1). None of the
other antibiotics, which included JM, AMP, and CCL, were

found to alter the percentage of neutrophil apoptosis (data not
shown). MG-132, a potent inhibitor of NF-�B activation, sig-
nificantly suppressed IL-8 production by LPS-stimulated neu-
trophils (24) compared with that by untreated controls (Fig. 2).
DEX at clinically achievable levels similarly inhibited IL-8
production of LPS-stimulated neutrophils in a concentration-
dependent manner (22). EMA and CAM, at concentrations of
1.0 and 10 �g/ml, demonstrated a slight but significant inhibi-
tion of IL-8 production by LPS-stimulated neutrophils at 48 h
(Fig. 2B); only at a concentration of 10 �g/ml did EM and
CAM each show a significant decrease in IL-8 production at
24 h postincubation (Fig. 2A). JM, which is a 16-member
macrolide, AMP, and CCL had no effect on IL-8 production by

FIG. 1. Effects of 14-member macrolides and DEX on neutrophil apoptosis, as estimated by morphology (A) and annexin V binding (B), in
the presence (solid bars) or absence (open bars) of LPS. Separated neutrophils were incubated with a 14-member macrolide (10 �g/ml) or DEX
(10�7 M; 43 ng/ml), and LPS (1 �g/ml) was then added to the cell suspension. After a 24-h incubation, neutrophils were recovered and analyzed
for apoptosis. The control (CTRL) contained 0.1% DMSO in IMDM. Each value is the mean � standard deviation from three determinations.
��, P � 0.01 (compared with the control in the absence of LPS).

FIG. 2. Effects of 14-member macrolides, DEX, or MG-132 (10�6 M) on IL-8 production by human neutrophils in the presence of LPS after
24 (A) or 48 (B) h of incubation. Separated neutrophils were incubated with each reagent at the indicated concentrations, and LPS (1 �g/ml) was
then added to the cell suspension. After a 24- or 48-h incubation, IL-8 levels in culture supernatants were determined. The control (CTRL)
contained 0.1% DMSO in IMDM. Each value is the mean � standard deviation from three determinations. ��, P � 0.01; �, P � 0.05 (compared
with the control in the presence of LPS).
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LPS-stimulated neutrophils (data not shown). No effects by the
14-member macrolides, DEX, or MG-132 were found on the
cell viability of LPS-stimulated neutrophils after a 48-h incu-
bation (data not shown). DEX, which has been reported to
interfere with the binding of NF-�B to its cognate cis element
in vitro (14), suppressed the level of IL-8 mRNA expression of
LPS-stimulated neutrophils by 49% compared with that in the
control (Fig. 3). Each of the 14-member macrolides at a con-
centration of 10 �g/ml similarly inhibited the level of IL-8
mRNA expression of LPS-stimulated neutrophils (by 34% for
EMA and 43% for CAM).

A previous in vitro study demonstrated that macrolides, in-
cluding EM, shortened neutrophil survival by accelerating ap-
optosis (2). The authors suggested that enhancement of neu-
trophil apoptosis by EM may provide a procedure for
improving neutrophil clearance in the airways of CAD pa-
tients, contributing to the clinical effect of low-dose, long-term
EM therapy. This study, however, involved only morphological
evaluation by electron microscopy of the effects of EM on
spontaneous apoptosis of cultured neutrophils in the absence
of serum and failed to demonstrate the effects of EM on the
apoptosis of activated neutrophils with a longer life span. In
the present study, none of the antibiotics tested, including
14-member macrolides, altered the percentage of spontaneous
apoptosis in the presence of heat-inactivated serum (Fig. 1A).
Differences in the methods used for the evaluation of neutro-
phil apoptosis may account for the discrepancy between the
observed effects of EM on the spontaneous apoptosis of neu-
trophils. More importantly, 14-member macrolides had no ef-
fect on the percentage of LPS-stimulated neutrophils for which
phosphatidylserine was exposed on the surfaces (Fig. 1B). Our
present data, therefore, suggest that 14-member macrolides do
not promote neutrophil apoptosis in the airways.

Previous investigators have demonstrated the down-regula-
tion of IL-8 mRNA expression of stimulated bronchial epithe-

lial cells by 14-member macrolides (1, 21). On the other hand,
our goal was to underscore the importance of IL-8 production
by activated neutrophils in the airways of patients with CAD
(17; Yoshimine et al., Am. J. Respir. Crit. Care Med. 161:
A338, 2000). In this study, we demonstrated that EM or CAM
at clinically achievable levels led to mild suppression of IL-8
production by LPS-stimulated neutrophils (15), although the
inhibitory effects of 14-member macrolides on IL-8 production
were much weaker than that of DEX. We also found down-
regulation of IL-8 mRNA expression by 14-member macro-
lides in LPS-stimulated neutrophils, although the concentra-
tion of drugs used was slightly higher than the clinically
achievable level. In addition, long-term administration of
DEX, but not of a 14-member macrolide, may impair pulmo-
nary defense through the suppression of inducible nitric oxide
synthase and tumor necrosis factor alpha, which are critical for
defense against bacterial infections (18). Collectively, these
data support the view that low-dose, long-term therapy with a
14-member macrolide may be effective for CAD by suppress-
ing IL-8 production by activated neutrophils but not by accel-
erating apoptosis in these cells.
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