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Purpose : There has been an increasing amount of literature concerning the association between
Mycoplasma pneumoniae and asthma pathogenesis. Interleukin(IL)-6 stimulates the differentiation of
monocytes, and can promote Th2 differentiation and simultaneously inhibit Thl polarization. IL-8 is
a potent chemoattractant and, it has been suggested, has a role in asthma pathogenesis. Nitric oxide
(NO) synthesized by airway epithelium may be important in the regulation of airway inflammation
and reactivity. Vascular endothelial growth factor(VEGF) has been reported to be a mediator of
airway remodeling in asthma. We investigated the effects of M. pneumoniae on IL-6, IL-8, NO and
VEGF production in human respiratory epithelial cells.

Methods : A549 cells were cultured and inoculated with M. pneumoniae at a dose of 20 cfu/cell.
After infection, the presence of M. pneumoniae in epithelial cell cultures was monitored by immuno-
fluorescence and confirmed by polymerase chain reaction(PCR) detection. IL-6, IL-8 and VEGF were
determined by an enzyme-linked immunosorbent assay and reverse transcriptase—-polymerase chain
reaction. NO was measured using the standard Griess reaction.

Results : In A549 cells, M. pneumoniaeinduced IL-6, IL-8 NO and VEGF release in time-dependent
manners. It also induced mRNA expression of IL-6, IL-8 and VEGF in similar manners.
Conclusion : These observations suggest that M. pneumoniae might have a role in the patho-
genesis of the allergic inflammation of bronchial asthma. (Korean J Pediatr 2006;49:977-982)
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1. 7|8 MIMEZE i

71384 A A EFS A549 A ¥E(American Type Culture
Collection, Rockville, MD, USA)E H¥slo] wjekooz
Ham's F-12 #iA(Life Technologies, Grand Island, NY,
USA)S AME3tL 10% FHioF %, penicillin(100 U/mL),

streptomycin(100 pg/mL) 5= HiYgde] F7ste] 37T, 5%
CO, WiF71o A wfgstar vl 3-49 Ao Zopt
90-100%2] &F(confluency)E °olF= Al FolA AXES #
atel 6 well WIGHA SE3] w3+ WA wE F 05%
S-ejo} AAo] EstE =] ¢k& DMEM HIX| oA 2443 vl

(o)

o

PBSZ AMHEATE M. pneumoniaes AN F olE%
7C, 5% CO; WjF7IelA ofg] AlZb HAo = wjgFsto] Az}
ik s FASIATE AR uld dE N2 9,000 gollA 5
B QAN T O AEAE FAS] et 84 -20T
Al Bkt

o

2. M. pneumoniae®| I L J|ZX| MIOME 2+

M. pneumoniae T (American Type Culture Collection,
Rockville, MD, USA No. 29342)E 10% 8%, 25% &% 3
=& penicillin(100 U/mL)¢] 2% PPLO #ix]ol] &3+

447 skt wAe A 2 AHS 9138k 10,000 g, 10
ColA 1587 AW, AFAL AAR F FAEVE oA

PBSE 23] A& t& Ham's F-12 HIAZ F-FAHG. oy
o] ®F FAd 93te] 660 nmolA FLEE =

A3 Y= FE
Aste] i BHFA2 F(colony-forming units(cfu)/mL)E =
A3l OD. unit=1.3x10° viable cfu/mL)®. ¥ F-&AS

Ham's F-12 WA 2 3435t 713=] A3 M o] 20 cfu/cell?]
TEZ HESIITh

3. M. pneumoniae Z°2| &0l

6 well wlFgAlel @AFElE 2 7AX AHAEE Y
3t M. pneumoniaes FFAAI7IA 241 § PBSE A
Fo| ol ECR 10EZF bovine serum al-
bumin(BSA) 2.2 15% 224 22 A B So]3<l
AZES WAt M. pneumoniae®] g E7] thEE IAZ 2
AZE B A2olA Hldslal 50 mM Tris-buffered saline
(TBS)E 3™ Alxg $ 232+ A2 FITC(fluorescein isothio-
cyanate)7} Exlfﬂloﬁlt g E7] Wl 22EUS o] gsle] it
SA171 Fol confocal laser scanning microscopy s A3k
A FEodA Y FES FAsAn. T3 M. pneumoniae 16S
ribosomal RNA gene?] 3 flanking %1l 5°1Z<l oligo-
nucleotide primers(sense : 5-AAGGACCTGCAAGGGTTCGT
-3, antisense: 5-CTCTAGCCATTACCTGCTAA-3)E °]&
ato] FRaL AHrsom Fsgoy’,

4. IL-6, IL-8, NO, VEGFQ| &3

IL-6, IL-8 ¥ VEGFE enzyme-linked
assay(ELISA) kits(R & D Systems; Minneapolis, MN, USA)
£ AREste] FABAAL oW il Qe wEY ZFE Al 9
ate] FEE AT AR WIZEE IL-62 469 pg/mL,
IL-82 156 pg/mL, VEGFE 156 pg/mL °l3tth NO9 &
%+ nitrate/nitrite colorimetric assay kit(Cayman Chemical
Company; Ann Arbor, MI, USA)ZS A}&3lo] Z=A3}9aL
Abe]l WIZFEE= 25 uM ol3Faitt.

immunosorbent



5. IL-6, IL-83} VEGF mRNA ZMZ 2|5t XA}
Eeaa MEE

wjekE A549 A EolA RNeasy Mini Kit(Qiagen, Valencia,
Calif., USA) ©]43}9 total RNAS w&3t3th F&3 3 ug
9] total RNAE 100 pg/ul random hexamer 1 uL$} 200 U
9] Superscript II 9AALEA(GibcoBRL, MD, USA)$} A
427C 50+, 80C 103t WEEA1A cDNAES WHERlHh ©] cDNA
£ 10 mM Tris(pH 8.3), 50 mM KCIl, 1.5 mM MgCly, 200
uM2A 2] dATP, dCTP, dGTP % dTTP, 1g]3l 25 pmol® <]
sense primer®} antisense primer’t 23% 100 uL®] bufferel
2 Taq DNA F3t&4(Takara, Shiga, Japan)E 713k
PCR thermal cycler® FZAHT Cycle?] & 34+ 3532
APt FHaEA AHNES AHELS 15% agarose gelZ A
71983 % ethidium bromide @MozZ sttt IL-6
mRNAT Human IL-6 Primer Pair(BioSource International,
Inc., Camarillo, CA, USA), VEGF mRNA+ Human VEGF
Primer Pair(R & D System Inc., Minneapolis, MN, USA)&
AHEste] 57439 IL-8 mRNA HAS 9138 primer A&
sense 5'-AGA TAT TGC ACG GGA GAA-3, antisense
5-GAA ATA AAG GAG AAA CCA-3', GAPDH<sense
5'-ACC ACA GTC CAT GCC ATC AC-3,
5'-TCC ACC ACC CTG TTG CTG TA-3' %t}

antisense

E| 1t

1. M. pneumoniae 29| &0l
A549 AEol M. pneumoniaes 20 cfu/cellZ HF
Hd A WS FalA EES FAsHAth(Fig.

[e) =S |
. pneumoniae 16S ribosomal RNA gene®l pri-
mersE o83t FFEL A oRE AT

Fig. 1.
scanning microscopy in infected human airway epithelial cell

M. pneumoniae was detected by confocal laser

cultures(B, arrows), but not in uninfected cell cultures(A).
Scale bar represents 50 um.
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2. M. pneumoniae Z-&0| 2|5t J|&X| MI|NES
IL-6, IL-8, NO, VEGF2| At

wgE AS49 M El M. pneumoniaesS 20 cfu/cell® 74
Az F Aze] Akl wEh IL-69] A 7E 1ARE 3
126.34+19.85 pg/mL, 3A1ZF ¥ 2406213452 pg/mL, 6A1%F
% 343.88+38.61 pg/mL, 24Xt ¥ 4778845057 pg/mL=E &
Zhe vk IL-82 A 1A1%F $ 229.2114256 pg/ml, 3AI%F
T 4779419827 pg/mL, 6A1ZF F 699.85+111.16 pg/mL, 24
AZE $F1,540.87+140.04 pg/mLE AAte] F7+E AT NO9
WAL el 1A7 F 3607020 uM, 3A7F F 7.92+0.61 uM,
6A17F ¥ 12551059 uM, 24413 ¥ 1924+1.09 uM = S7F
HJAoh Eg VEGFY A4S A9 6417 ¥ 20.95+11.42 pg/
mL, 24417t ¥ 33221+59.44 pg/mL, 7T2A13F ¥ 1,256.87+
289.67 pg/mLE S71= AtHFig. 2).
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20 o8t 7| 2HA] Am| M| 2|
IL-8, VEGF mRNA W8 RE

3. M. pneumoniae Z

IL-6,
kst A549 Al M. pneumoniaeZ 20 cfu/cell® <
A& w Aol Aapgel| uwigl IL-6, IL-8, VEGF mRNA &

7HaE 32 5 UATHFig. 3).
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Fig. 2. Time-dependent production of A) IL-6 protein, B) IL-8 protein, C) NO, and D) VEGF protein.

A549 cells were infected with M. pneumoniae at a dose of 20 cfu/cell.

After infection, culture

supernatants were collected and assayed for IL-6, IL-8 NO, VEGF. The data represent the mean*SEM
from four separate experiments.

Time (hr)
r 1
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A Time (hr)
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B

Fig. 3. Induction of A) IL-6 and IL-8 mRNA expressions, and
B) VEGF mRNA expressions in human lung epithelial cells
during M. pneumoniae infection. Cells were infected with M.
pneumoniae at a dose of 20 cfu/cell. After each incubation,
total RNA was extracted. The RT-PCR products were run on
agarose gels, stained with ethidium bromide, and visualized
with UV light. GAPDH was used as an internal control.
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1% A HE AFAME M. pneumoniae® A3 FE
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M. pneumonige FHC.E <lste] IL-1, IL-2, IL-4, IL-6,
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HELE regulated upon activation, normal T cells express-
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7l B AlZe £l #ofstr Th2 dautss 3147
™, IL-82 7|=dM dFFHEe] Axelss wAste ARt
ol

dow gUZy] 9F wrgel WHE BAL A % )
AEAN BAHE NOE /1% 450 wange] 2dd &
23k VEGRE A4lA =4 78 988 ggw

B Ao e 78R MRl M. pneumoniaes A
< IL-6, IL-8, NO ¥ VEGFY Wd-& A3 Hgirt

b W M. pneumoniaes 71¥A] 43 AEFQ A549 ME
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