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Mycoplasma pneumoniae (Mp) infection Iis associated with
asthma exacerbation in children. We hypothesized that Mp in-
fection may cause airway inflammation by inducing the release
of cytokines by respiratory epithelial cells. The levels of che-
mokines interleukin-8 (IL-8) and released upon activation, nor-
mal t cell expressed and secreted (RANTES) released by nasal
epithellal cell (NEC) cultures established from asthmatic
and nonasthmatic children were measured by ELISA at 4, 24,
48, and 72 hr after cells were inoculated with Mp, and
were compared with baseline release of these factors. The
presence of MP on apical membranes of NEC after infection
was confirmed by transmission electron microscopy, and
adherence was shown to be inhibited by erythromycin. Mp
infection did not alter NEC release of IL-8 or RANTES at
any time point. In contrast, tumor necrosis factor a (TNF-a)
stimulated increased IL-8 at all time points, and respiratory syn-
cytial virus (RSV) infection stimulated RANTES release at 48
and 72 hr by NEC. These results were not significantly different
between NEC from asthmatic and nonasthmatic children. As a
comparison, peripheral blood mononuclear cells from normal
human volunteers were also incubated with #p and had signifi-
cantly Increased release of I.-2, IL-6, and TNF-«. We conclude
that Mp, unlike viral pathogens such as RSV, is unlikely to
directly stimulate early airway surface cytokine responses
via mechanisms Iinvolving epithelial cells. We speculate that
the chronic presence of mononuclear cells at the airway surface
of asthmatics provides a target for Mp-triggered cytokine
production. {Exp Biol Med Vol. 227(5):330-335, 2002]
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ycoplasma pneumoniae (Mp) infection occurs fre-
Mquently in children and produces a variety of

acute respiratory illnesses (1, 2). Several studies
suggest that Mp may be a trigger for asthma exacerbation, or
may perhaps play a role in the maintenance of the asthma
state (3, 4). However, the mechanisms responsible for these
effects are not clear.

Viral agents such as respiratory syncytial virus (RSV),
parainfluenza virus, and rhinovirus promote the release of
cytokines by respiratory epithelial cells in vitro. We and
others have previously shown that RSV infection of human
airway epithelial cells causes increased production of cyto-
kines including the chemokines interleukin-8 (IL-8) and re-
leased upon activation, normal t cell expressed and secreted
(RANTES) (5, 6). These factors are major chemotactic fac-
tors for neutrophils (IL-8) and monocytes, lymphocytes, and
eosinophils (RANTES). The latter cell types are particularly
associated with airway inflammation in asthmatics. The vi-
ral pathogens shown to induce these chemokines are also
common triggers of clinically significant asthma exacerba-
tions (7-9). Thus, it is possible that direct induction of ep-
ithelial chemokines is a primary event triggering increased
airway reactivity in the setting of acute respiratory viral
infection.

Like the common viruses associated with asthma
exacerbation, Mp exhibits tropism for airway epithelium.
Mycoplasma hominis has previously been reported to in-
duce cytokine production by respiratory epithelial cells
(10), and Mp and other Mycoplasma species have been
shown to induce release of several cytokines by human
peripheral blood mononuclear cells (PBMC) (18). However,
there are no published reports investigating Mp’s effects
on human respiratory epithelial cytokine production. We
hypothesized that Mp induces cytokine production by
human epithelial cells in a manner similar to RSV. Thus,
the goal of this study was to measure the production of IL-8
and RANTES by human epithelial cells infected by Mp in
vitro.



Materials and Methods

Growth of Mp. Monolayer cultures of virulent Mp
(M129-B10) were grown on glass in Hayflick medium as
previously described (22). After incubation at 37°C in 5%
CO, for 48 hr, Mp were gently scraped into 2.5 to 5.0 ml of
either fresh Hayflick medium supplemented with 20% horse
Serum and 10% yeast dialysate, or modified Eagle’s me-
dium (MEM) supplemented with 20% fetal calf serum
(FCS) and 10% yeast dialysate. Clumps of Mp were dis-
persed by passing the suspension through a 25-gauge needle
three times. Mp organisms for PBMC stimulation were
grown in a similar manner. However, prior to harvest, glass-
attached Mps were rinsed with RPMI 1640 to remove Hay-
flick medium. Mp cells were then scraped from the glass
Surface into RPMI medium with 10% human albumin and
were frozen at ~70°C. Viability of the organisms after one
freeze-thaw cycle was verified by growth in Hayflick
medium,

Mp Infection of Nasal Epithelial Cells (NEC). NEC
Wwere obtained by brushing the inferior nasal turbinate of
children with asthma and nonasthmatic sibling controls en-
rolled in a study approved by the University of North Caro-
lina Committee of the Protection of the Rights of Human
Subjécts. The diagnosis of asthma was established using
Clinical criteria (history of wheezing episodes and physician
diagnosis of asthma within the past 2 years). All asthmatic
Subjects (six of six) and three of five nonasthmatic subjects
Were atopic. All atopics had histories of seasonal rhinitis,
but none had active rhinitis at the time NEC were brushed.
Subjects were not using nasal or systemic corticosteroids at
the time the brushings were obtained.

The technique for NEC culture has been previously
described (11). In brief, brushed cells were dispersed in 0.5
mg/ml dithiothreitol (Sigma, St. Louis, MO) in PBS and
Were maintained in plastic culture flasks in serum-free
8rowth media with penicillin-G (BEGM; Clonetics, San
Diego, CA). Cultures were grown to near confluence and
Were then detached from the plastic by incubation with
0.05% trypsin and 0.02% EDTA (JRH Biosciences, Lenexa,
KS), and seeded onto vitrogen-coated filters at a density
of approximately 5 x 10° cells/24-mm diameter support
(Transwell-Col; Costart, Cambridge, MA). Cultures on
Transwells were incubated in basolateral media consisting
of 1:1 DMEM-H (Invitrogen, Carlsbad, CA) and BEGM.
After incubation on Transwells for 3 to 4 days, the cultures
Were confluent and were used in experiments.

A 0.25-m] Mp inoculum containing approximately 2.5
X 10'° plaque forming units (pfu) of Mp (multiplicity of
Infection approximately 1 x 10%) was added to the apical
Surface of NEC on Transwells and was incubated for 2 hr.

he NEC cultures were washed two times with cell culture
Media to remove unattached organisms, and then fresh cell
Culture media were placed in Transwells. Supernatants were
Collected at 4, 24, 48, and 72 hr after inoculation of NEC
and were frozen at —80°C until cytokine assays were per-

formed. Fresh cell culture media were added to all NEC
after each time point so that data represent cytokines accu-
mulated in supernatants only since the previous time point.
NEC stimulated with TNF-a (20 ng/ml) or RSV (multiplic-
ity of infection 0.8) were used as positive controls. Negative
controls consisted of NEC incubated with media alone, or
cultures inoculated with Mp in the presence of erythromycin
(80 wg/ml).

Isolation of Human PBMC. To enable comparison
with previously published reports (18), PBMC were also
incubated with Mp, and cytokine responses were assessed.
Heparinized blood was obtained from healthy young adult
volunteers for isolation of PBMC. Plasma was separated
from blood by centrifugation, then PBMC were isolated by
gradient centrifugation using Histopaque-1077 (Sigma).
PBMC were brought to a concentration of 1 x 10%ml in
serum-free RPMI 1640. Mp was added to PBMC at the
same multiplicity of infection as in the NEC experiments
above, incubated for 2 hr, then autologous plasma was
added to cultures at a final concentration of 10%. Superna-
tants were collected at 24 and 48 hr after Mp incubation for
cytokine assays. Positive controls consisted of PBMC
stimulated with 0.5 p/ml Escherichia coli lipopolysaccha-
ride (LPS).

Cytokine Assays. Cytokines in cell culture super-
natants were measured using ELISA kits purchased from
R&D Systems (Minneapolis, MN) and were performed ac-
cording to the manufacturer’s instructions. For NEC experi-
ments, IL-8 and RANTES were measured as per our previ-
ous studies with RSV (§, 11). For PBMC experiments, IL-2,
IL-6, and TNF-a were measured as per previous reports
(18). The correlation coefficient for standard curves was
>(0.98 for all assays. Samples with cytokine concentrations
outside assay dynamic ranges were diluted and re-assayed.

Electron Microscopy. For transmission electron
microscopy (TEM) of NEC cultures to confirm attachment
of Mp, NEC on Transwells were fixed in 2% paraformal-
dehyde and 2% glutaraldehyde in 0.1 M phosphate buffer
(pH 7.2). Samples were rinsed three times in 0.1 M phos-
phate buffer, and were then post-fixed for 1 hr in phosphate-
buffered 1% osmium tetroxide. Following post-fixation,
samples were rinsed for 1 min in filtered distilled water, and
were subsequently dehydrated through a graded ethanol se-
ries 10 100%. Samples were then given three rinses of pro-
pylene and were infiltrated overnight in a 1:1 mixture of
propylene oxide:Poly/bed 812 resin. Samples were trans-
ferred to pure resin for 4 hr, and were then allowed to
harden in a 60°C oven for 3 days. Thin sections were cut on a
MT 6000 (Sorvall Instruments, Kendro Laboratory Products,
Asheville, NC), then post-stained with saturated uranyl acetate
and 0.015% lead. Finally, samples were examined with an EM
900 transmission electron microscope (Zeiss, Jena, Germany),
using 50 Kv accelerating voltage.

Statistics. Cytokine data for Mp-infected NEC and
other conditions were compared using repeated measures
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analysis of variance (ANOVA) with Bonferroni post-
testing. P < 0.05 was taken as significant throughout.

Results

TEM of NEC after MP Infection. TEM showed that
NEC cultures were successfully infected by Mp at the mul-
tiplicity of infection used in this experiment. As expected
from previous reports, Mp attached to epithelial surface via
specialized terminal attachment organelles (Figs. 1 and 2).
Treatment of Mp-infected NEC cultures with erythromycin
appeared to eradicate the organism from cell surfaces (Fig.
3). NEC morphology did not differ in any obvious way
between Mp-infected cultures and control cultures, nor was
significant detachment of cells observed at the time points
assayed.

Cytokines in NEC Supernatants. There were no
significant differences between Mp-infected and media con-
trol NEC at any time point for either IL-8 (Fig. 4) or
RANTES (Fig. 5). NEC cultures were capable of mounting
chemokine responses to appropriate stimulation, as TNF-a
induced significant increases in IL-8 release at all time
points, and RSV infection was associated with marked in-
creases in released RANTES at the 48- and 72-hr points.
Erythromycin treatment had no significant effect on chemo-
kine release by Mp-infected NEC. Pretreatment of RSV
with UV irradiation inhibited the RSV-induced RANTES
responses (data not shown).

To test whether NEC from asthmatic children are dif-
ferently “responsive” to Mp than NEC from nonasthmatic
children, the data were compared between cultures derived
from these subgroups. Asthmatic children from whom the
cells were obtained were all in the mild to moderate cat-
egory, and none were taking nasal medications at the time of
the nasal biopsies. All asthmatic subjects (n = 6) and three
of five control subjects had positive skin tests to common
aeroallergens, including house dust mites, but none had ac-
tive rhinitis symptoms at the time brushings were obtained.

Figure 1. Electron micrograph of epithelial cell surface with adher-
ent Mp. Multiple organisms are attached to the_surface of the epi-
thelial cell (arrow). Magnification: x33,600.
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Figure 2. Higher magnification view of epithelial cell surface show-
ing the “tip structure” attachment organelle of Mp (arrow). Magnifi-
cation: x14,000.

1

Figure 3. Electron micrograph of epithelial cell surface in cuituré
treated with erythromycin after inoculation with Mp. Erythromycin
appeared to eradicate organisms from the cell surface. Magnifica-
tion: x56,000.

There was no statistically significant difference in chemo-
kine production between asthmatic and nonasthmatic NEC
at any of the time-points tested, although there was a non-
significant tendency for IL-8 to be higher among nonasth-
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,Flgure 4. IL-8 release into NEC supernatants at time points after
Inoculation of NEC cultures (n = 11 experiments). Bars represent
Mean + SD for the calculated ratio of each condition to control cul-
tures inoculated with cell culture media alone; horizontal broken line
Indicates control level (=1). M, Mp; E, Mp + erythromycin; T, TNF-a;
R, RSV. An asterisk indicates P < 0.05 vs. control, repeated-
Measures ANOVA with Bonferroni post-testing.
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Figure 5. RANTES release into NEC supernatants at time points
after inoculation of NEC cultures (n = 11 experiments). Bars repre-
Sent mean + SD for the calculated ratio of each condition to contro!
Cultures inoculated with cell culture media alone; horizontal broken
INe indicates control level (=1). M, Mp; E, Mp + erythromycin; T,

NF-q; R, RSV. An asterisk indicates P < 0.05 vs. control, repeated-
Measures ANOVA with Bonferroni post-testing.

Mmatic NEC (Fig. 6), and for RANTES to be higher among
sthmatic NEC early after Mp inoculation (Fig. 7).

Cytokines in PBMC Supernatants. Cytokine re-
Sponses to Mp were tested using PBMC from four separate
healthy, young adult volunteers. Levels of TNF-a (Fig. 8),
L2 (Fig. 9), and IL-6 (Fig. 10) were all significantly in-
Creased at either 24 or 48 hr after inoculation of PBMC with
Mp. The Mp-stimulated cytokine increases appeared to be of
the same order of magnitude as those for LPS.

Discussion

We hypothesized that Mp would directly induce pro-
duction and release of pro-inflammatory cytokines, thereby
Contributing to airway inflammation in a manner similar to

IL-8 (ratio to control)

4 hr 24 hr 48 hr 72 hr

Figure 6. Comparison of IL-8 release by Mp-infected NEC derived
from asthmatic children (black bars; n = 6) versus nonasthmatic
children (gray bars; n = 5). Bars represent mean + SD for the cal-
culated ratio of each condition to control cultures inoculated with cell
culture media alone; horizontal broken line indicates control level
(=1). Differences between the two groups were not statistically
significant.

4

RANTES (ratio to
control)
r
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Figure 7. Compatrison of RANTES release by Mp-infected NEC de-
rived from asthmatic children (black bars; n = 6) versus nonasthmatic
children (gray bars; n = 5). Bars represent mean + SD for the cal-
culated ratio of each condition to control cultures inoculated with cell
culture media alone; horizontal broken line indicates control level
(=1). Differences between the two groups were not statistically
significant.

viral respiratory agents such as RSV, However, in this
model we failed to observe significant increases in IL-8 or
RANTES production by primary cultures of NEC. This was
not due to inability of the NEC culture model to mount a
chemokine response, because both TNF-a and RSV pro-
duced expected increases (Figs. 4 and 5). Furthermore, there
was clear evidence of attachment of abundant Mp organisms
at the electron microscopy level (Figs. 1 and 2). Our TEM
studies showed that Mp attached to NEC via terminal at-
tachment organelles, as was previously observed in hamster
tracheal organ culture (20). Erythromycin, which inhibits
synthesis of Mp attachment proteins (21), appeared to eradi-
cate the organisms (Fig. 3). Finally, the same preparation of
Mp at the same multiplicity of infection strongly induced
release of cytokines by PBMC in a similar pattern to that
previously reported by Kita et al. (18) (Figs. 8-10).
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Figure 8. Release of TNF-a by human PBMC at 24 (left) and 48 hr (right) after a 2-hr incubation with control media (C), lipopolysaccharide

(LPS), or Mp (Mp). Bars represent mean x SD for n = 4 separate experiments. An asterisk indicates P < 0.05 vs. control, repeated-measures
ANOVA with Bonferroni post-testing.
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Figure 9. Release of IL-2 by human PBMC at 24 (left) and 48 hr (right) after a 2-hr incubation with control media (C), lipopolysaccharide (LPS)
or M. pneumoniae (Mp). Bars represent mean + SD for n = 4 separate experiments. An asterisk indicates P < 0.05 versus control, repeated-
measures ANOVA with Bonferroni post-testing.
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Figure 10. Release of IL-6 by human PBMC at 24 (left) and 48 hr (right) after a 2-hr incubation with control media (C), lipopolysaccharide

(LPS}, or M. pnelimoniae (Mp). Bars represent mean + SD for n = 4 separate experiments. An asterisk indicates P < 0.05 versus controk,
repeated-measures ANOVA with Bonferroni post-testing.

There are several potential caveats regarding the lack of  cells to the respiratory tract, and that have been shown to be
Mp effect in our experiments. Our NEC studies focused on-  upregulated during viral infection of respiratory epithelium
the release of IL-8 and RANTES, chemokines that are in multiple studies. It is possible that Mp induces other
known to be important in the recruitment of inflammatory  epithelial mediators or pathways not explored in our studies-
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Another caveat is that NEC, although closely resembling
large airway cells in humans in terms of both histology and
function (23), may not be representative of small airways
cells that may be targeted by Mp or other respiratory patho-
gens. Because we used a single concentration of Mp based
on previous experience (20-22), it is possible that the
“wrong” amount of Mp was used to elicit a response. How-
ever, the TEM results and the results with PBMC make it
unlikely that the multiplicity of infection was too low to
stimulate the cells, and NEC showed no morphologic
changes suggestive of toxicity. Despite these caveats, the
contrasting effects of Mp and RSV in our studies suggest
that these pathogens may initiate local cytokine amplifica-
tion through differing mechanisms.

Infection of the respiratory tract with Mp is common
and may be associated with exacerbations of asthma in
adults and children (12-14). Additionally, this pathogen
Mmay play a role in maintenance of the asthmatic state. In this
regard, Mp was detected by PCR in the respiratory secre-
tions of 10 of 18 stable adult asthmatics and in only 1 of 11
healthy controls (13). In another study, throat cultures for
Mp were positive in 24.7% of children and adults with
asthma exacerbation, compared with 5.7% of healthy con-
trols, again suggesting that Mp may be an important trigger
for asthma attacks (14).

We observed no significant differences between the
responses of NEC from asthmatic versus nonasthmatic in-
dividuals to Mp infection (Figs. 6 and 7). However, the
dirways of asthmatics are known to be chronically infil-
trated with mononuclear cells such as lymphocytes, as well
s with eosinophils. We observed strong direct stimulation
of normal human PBMC by Mp to release a variety of
Cytokines (Figs. 8-10). This suggests that if similar cell
types are already present in the airway at onset of infection,
they might amplify airway inflammation via a pathway not
Present in the nonasthmatic airway.
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