Tuberculosis and Respiratory Diseases Ad @ 385743, Vol. 51, No. 4, Oct, 2001

3 MO

AFE 9D vgz:a@w-n% EPRERE

EELLEREE LS EEE RS b

T
-

4z, X[GF, F2d, H2d, oAl

= Abstract =

NF-«B Dependent IL-8 Secretion from Lung Epithelial
Cells Induced by Peripheral Blood Monocytes Phagocytosing
Mycobacterium Tuberculosis

Jae Seuk Park, M.D., Young Koo Jee, M.D., Eun Kyong Choi, MD.,
Keun Youl Kim, MD., Kye Young Lee, M.D.

Department of Internal Medicine, Dankook University, College of Medicine, Chonan, Korea

Background : IL-8 is a potent chemotactic cytokine that plays an important role in the host defense mech-
anism against M. fuberculosis by recruiting inflammatory cells to the site of the infection. Lung epithelial
cells, as well as alveolar macrophages are known to produce IL-8 in response to M. tuberculosis. IL-8
gene expression is mainly regulated on the level of transcription by NF-¢B. This study investigated wheth-
er or not A549 cells produce IL-8 in NF-«B dependent mechanism in response to macrophages phago-
cytosing M. tuberculosis.

Methods : Peripheral blood monocytes that were obtained from healthy donors were cultured for 24 h with M.
tuberculosis and a conditioned medium(CoMTB) was obtained. As a negative control, the conditioned medium
without M. tuberculosis (CoMCont) was used. A549 cells were stimulated with M. tuberculosis, CoMCont and
CoMTB and the IL-8 concentration in the culture media was measured by ELISA. The CoMTB induced IL-8
mRNA expression in the A549 cells was evaluated using RT-PCR, and CoMTB induced 1¥Be degradation was
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measured using western blot analysis. CoMTB induced nuclear translocation and DNA binding of NF-«B was
also examined using an electrophoretic mobility shift assay(EMSA), and the CoMTB induced NF-«B depen-
dent IL-8 transcriptional activity was measured using a luciferase reporter gene assay.

Results ; CoMTB induced IL-8 production by A549 cells(46.8 +4.8 ng/ml) was higher than with direct stimu-
lation with M. tubercudosis (6.8 +2.9 ng/ml). COMTB induced IL-8 mRNA expression increased after 2 h of
stimulation and was sustained for 24 h. 1¥Ba was degraded after 10 min of CoMTB stimulation and reappeared
by 60 min. CoMTB stimulated the nuclear translocation and DNA binding of NF-«B. The CoMTB induced NF-
#B dependent 1L~8 transcriptional activity(13.6 +4.3 times control) was higher than either CoMCont(2.0 +0.6
times control) or M. tuberculosis (1.4 0.6 times control).

Conclusion : A conditioned medium of peripheral blood monocytes phagocytosing M. fuberculosis stimulates
NF-«B dependent 1L-8 production by the lung epithelial cells. (Tuberculosis and Respiratory Diseases 2001, 51 :

315-324)

Key words : IL-8, Mycobacterium tuberculosis, NF-«B, Conditioned medium.
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1. HZF 5 Alef

H AT A ZF(AB49) = 10% fetal calf serum, 2
mM L-glutamine, 100 U/ml penicillin —22]iL
E3skst RPMI 1640 uj
PAE o83l 377C, 5% CO, incubatorofA] ujj %k
sl g, TRIzol, oligo dT %<& GIBCO BRL
(Grand Island, NY)o|A +#9J&t9lar, Taqg DNA
polymerase:= TaKaRa(TaKaRa Shiga, Japan)
A Fdsidar, 11-8 ELISA kitx= R&D
Systems(Minneapolis, MN) | A] el slgdt).
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ADC enrichmentZ ¥ 3= Middlebrook 7H9
AJuh =] (Difco, Detroit, MI)oj| A vkt 3 10000
gold 1087 QAR o] 2o Folelg &
RPMI 164022 39 M35l N2 Al 5
& Aok A FRAg 224017 FAMEES 20
3] FaA7)aL, 287t vortex® NEAA A
ofRlE I F 1087 BASA gel o) A
i gl Arln 93 128 @l

~70°Col Bud F 2| o] &3iitt. F-Hd
_,__,] AolQle Ao er= G 10 ujR 3
A%l & OADC enrichment”} 2718 Middlebrook
7H10(Difco, Detroit, MI) afj 2l g0l A 457 vl <
@ ¥ Aekze] 2AE Ao Aua

X & o rlr
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Heparino 2 A2|® FAP|Z F4<19 AYdS A
FHated 1:19] vj&=2 K99 41014 Histo-
paque—1077(Sigma St. Louls, MO) &9 Hof =
QA7) F 400 % g2 3087 DalRe|sed v %
2 (mononuclear cell layer) & %8 % phosphate
buffered saline(PBS) o2 2x}8) A|&3 3 2 mM
L-glutamine, penicillin G(100 U/ml), streptomy-
¢in(100 U/ml), 2% human AB serumo] #7}%]
o] ¢J& RPMI 164002 A ¥Ex=7} 2X10° cells/
ml &= 34sle) Zakay wggAld ek
36°C, 5% CO, incubatorollA] 24]7F wj%Fslo] el
TE wjopdalel #3221 3 RPMI 164002 A
A Hste] AEde HFEEES A7 sl dxE
Hdsl ke e Elgivh éi —H‘;’f‘“?"ﬂ s 4

7o) H)g-o] 1:100] T2 WAL uf oFl
o Al Hgde Hrlshd 2 ] o} njorsl &
71 A=A (CoMTB) & dola A& o] &3},

ANTFS HArlelr] @o wEINDSTF wj g A
(CoMCont)-&- g4 =702 ol gslir}.

4. ELISA

Adgt, CoMTB7} #dulA 2] IL-8 #8& A=
sh=A] H71817] 18] A549 AlZF vl At
(N o ZAdF uvlg;1:10), 1008 I8
CoMCont, CoMTB, 18]al 94 iz Z Pho
rbol 12-myristate 13-acetate(PMA) 20 ng/ml-&
HA7Vela 24417 vl F ol dEdg Lol -70
¢ WEnd BAsgoiyt IL-8 ELISA kitE o] &
sl IL-8 =& &4t

5. oMAl-S8EAMEIS (RT-PCR)
CoMTB7} w44 Ze] L-8 mRNA® wae &

E8k=x A -FHELAANES ol &3le] Tt
Soltl. A549 AEZE wigele] 1008 8]AlE
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CoMTBE 78l 24417t 5t v 3t sz
APl e ddalolAl gl g A4 & TRIzol&
olg3le] HAFAE £ RNAE 9t 2ug9)
RNAE oligo(dT)d| Ertsked 65°CNA 587 4
Pukg Azl & 0.1 M DTT, 25 mM dNTP,
RNase inhibitor, reverse transcriptase® tir] 3
7¥eted] 42°CollA 1A1ZE WHEAIA cDNAE 49t}
PCRE dold cDNAE v1843} A7 4] [L-8
Al (primers) 5-TTGGCAGCCTTCCTGATT
-3, 5’~-AACTTCTCCACAACCCTCTG-3' ¢} 41&
%o DNA thermal cycler (Gene Amp PCR
System 9600, Perkin Elmer) & o] 88} 94 CoA
187 84, 60CoA 127 2% (annealing), 72
CAA 187 Aol 712 203 whE Ajgsidd)
PCR A4-E-2 1.0% agarose gelojA] x7]9%8)o]
ethidium bromide 2 @4 & UVadlA] #asioic].
Gel AL Gel Doc ¢]9A4 Photoshop software
(Adobe System, Inc)& ©¢|&3 HEWLETT
PACKARD Scanject® ~71-8 A|sislgich

6. Western blot £44

CoMTB A=l )¢ wduja 2o 4e] 1kBae] 23
o BE Western blottingg AJ3)3le] Frisigo).
CoMTB& A549 MEXFE 0, 108, 305, 60,
1202 A8 & 881894 (1% SDS, 1 mM sodium
vanadate, 10 mM Tris-HCI pH 7.4) 0.2 lysis A|
7L ¥ 14000 rpmolA 537 YAl Re|sle GilFE
£¢ ¥9v}. Bradford assay 2 w] =52 2435)
3 387 7FgEled HAA7] & SDS-PAGE(12%
ge)Z A718%3k nitrocellulosed)) o}RA &
Blot-g 2%t ¢k (blocking buffer, 4% milk, 1
% BSA, 10 mM Tris-HCl pH 7.5, 100 mM NaCl,
0.1% Tween 20)9]4 1A]7} ¥k2A]Zl £ rabbit
polyclonal I«Ba A2} 14750 Ao vhan)
71 % horseradish peroxidase conjugated anti-
rabbit [gG= 23} YAWLE 12 A7 F ECL
(Amersham, Arlington Heights, IL.) 2 Z&3i3

7. Electrophoretic mobility shift assay(EMSA)

A549 A|EFE 100 mm wjFHAlolA BFEt F
100:1¢] v]&= X" CoMTBZ 1, 2A12H&<t =}
% & trypsin/EDTA 2 A 2E& 8slo] gy
(nuclear protein)& ¢giv}. &9 vkl 75 g
2 1 pg9 poly(dl-dC)9} 2.5 pgo] (a-¥p)-la-
beled oligonucleotide F2*}(probe)(1x10° cpm)
7b 2318 20 pLe] 293 (25 mM HEPES,
0.1 mM EDTA, 10% glycerol, 50 mM KCl, 0.05
mM DTT)o A7lsle] 4CoAlA 3083 WA F )
oligonucleotide FA\ab= IgGx chain §8x¢ 5
flanking ¥9]¢] NF-4B binding site(5-tcga
GTCGGGGACTTTCCTCTGA-3)YE 331 4
& o]&3lrt. 4% nondenaturating polyacryl-
amide gelofjA] A719Ested Tl " -DNA E3AE
22]38 3 autoradiography 2 A3E ¥9it}. NF-
kBe}l EAAe] A Rolz ZAAAIE (competition
assay) 2 ERIsIAE, 9Lt B4 HA &2
HA A} (specific for the NF-£B binding site} 250
pg(100X) & LAk F9¥4rt 249 FA A v
SA1717) 5RA WA ¥RgAIH )

8. Luciferase Reporter Gene Assay

NF-¢B 924 IL-8 #xx}e] HAMA (transac-
tivation)& H7}1E}7] 38t IL-8-NF-4B lucifer-
ase reporter gene constructZ o} &3ldoH’. M4
Hog [L-8-NF-4B luciferase -F4x& @il
A549 A ZF(IL-8-NF-«B luc) & E53l7] ¢3}d
IL-8-NF-«B luciferase reporter gene construct
& Lipofectamine-plus& o]&-8le] AB49 A 33
A e AEE 5 G418 400 pg/ml % 8t
A AMeeislsitt. Luciferase assays [L-8-
NF-«B luc AEZFE 24 well v Fgdrlolla] wf ksl
% CoMCont, CoMTB(1008] 3]4) <} PMA(20
ng/ml)E A7E 6417 AFe F 0.1 mle] lysis
buffer (0.1 M HEPES, pH 7.6, 1% Triton-X, 1 mM
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Fig. 1. IL-8 production in A549 cells. A549 cells
were cultured with media alone (Cont),
with CoMCont(1 : 100 dilution), M. fu-
berculosis (MOI=10), CoMTB (1 : 100
dilution), and PMA (20 ng/ml). After
24 h, IL-8 concentration in culture super-
natant were measured by ELISA.
Results are the mean+SD of three inde-
pendent experiments.

DTT and 2 mM EDTA) & A4 #A7sle] 8 &
Z 4T 14,000 rpmo 2 1087 YA Be] 5k
A Ze g dgith. Bradford assay & o] &3l &
Wer2 =248 T 204g9 @HEE luciferase
assay mix(25 mM glycylglycine, 15 mM MgSO,,
1 mg/ml BSA, 5 mM ATP and 1 mM D-lucifer-
in (Pharmingen International))o] 27}3t & TD-
20/10 Luminometer(Turner Design, Sunnyvale,
CA)Z luminescenceE 2R3}t AA R A
Te 25 glo] v AB49 M EFe] MAREAS]
A% (cont)dl] e A A B2 B s

2 1

1. sfjatmidlze] IL-8 At

A549 M ZFE A= glo] 24A17F vl e T AL )
okeliol -8 ®Z+E 0.240.1 ng/ml, CoMCont
(10090 34)= 253 3% 0.9+0.3 ng/ml, 23
THAE O 2T ¥ ;110002 A=33 3 S
6.8+2.9 ng/ml, COMTB(1008] 34) =2 =35 A
© 46.8+4.8 ng/ml, 183 %A o279l PMA

ien. A e st Jumu 11.-8 WRNA

e Gl Ged bad b S 2CHD
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Fig. 2. Time course of IL-8 mRNA expression by
A549 cells in response to CoMTB(1:100 di-
lution). Total cellular RNA was extracted
at each time point and I1.-8 mRNA expres-
sion was determined by RT-PCR. Equal
loading of ¢cDNA was ensured by #-actin.

(20 ng/m) 2 =g 7$- 55.9+7.5 ng/mlz &
AFoz 2AH A5 Aol Ab49 AEF IL-
8 Aato] Z713ldAut CoMTBR #)=38 49 29
o JF A= AR 69 sFF o B2 ¢
IL-80] A2k=] it (Fig. 1).

2. CoMTB2| X}=0i| ojgt A549 M|ZEFoljAe] IL-8
mRNA &5

1008 3]4% CoMTBZ A549 A 255 24417k
Ax AF5159e o, IL-8 mRNA2] @&de 2= 2
A7b) HIXE oI 24X A &E U
(Fig. 2).

3. CoMTB2| x|=o}f 2fgt A549 MIEZFoM I«Ba
of &3

CoMTB7} A Au)Al X 2] NF-«B AAS E4314]7]
=28 Yolry] ¢33 CoMTBe z=+o 2 A549 4|
gz 4 1kBav}l B8=+4E Western blotting &
Agsle] Elslgich kBa= CoMTB A= 108
Fo)) A3 BaEHATHT Alzte] Rgdl wet ThA
vehhs e BEd(Fig. 3).

4. CoMTB2| X0l 2zt A549 MIZFOA NF-¢
Be| & o|Sa} DNA Z

CoMTB7} NF-¢Be] & o535 DNA Z3el| v
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Fig. 3. [kBa degradation by CoMTB. CoMTB
(1 : 100 dilution) was used to stimulate
A549 cells over 120-min period and
western blot analysis were performed
using rabbit polyclonal IxkB antibody.
Equal loading of protein was ensured by
ERK2.

= 9%e Friar] Y8l EMSAZ Agsiact. o
Aa} 100 : 18 343 CMTBE A549 N EFE =}
S8l W A5 1A F8id NF-4B-DNA
B3 9] o (band) 7} FAH L, 2AF 2417t F4
Zashe e RATH(Fig. 4). EMSAdA #its]
= W7} NF-«B2} NF-4B binding siteZ ¥38}=
FAReLe] o)Al R A& sy A3 59
Q45 BASR %o FAAE 1008 (250 pg) 2
I WA F BH9AE BX s B4RH(2.5 pg)
£ Hriste] ZAEE o1l e o) NF-«B-DNA =
A =t AdEE Aol #EEo] NF-«Bet
NF-4B binding site& E3sh= F2lxjelo] Z o]
Soldos dojue A #AT & AUTH(Fig. 4,
lane 4).

5. CoMTBE| X0l ofst A549 MIEF0IM NF-«
B 2i&4 IL-8 ®AIEAM

CoMTBe] &=l of &t g Jujs] Lol A el NF-«B 2
£4 IL-8 S4dxate] AXEA e AEE luciferase
assayE B3 @I, CoMCont(1004] 314)
02 A58 o luciferase BA4o] 2=t glo] )
okst P ZFF(cont)2] 2.0+0.6v] Zrlelgdn, 2
Ho2 AY AZ3HL A xFo 1.4+£0.6v)

Lane 1234

afo——— NF”KB

s N y11 - specific

G Tree—probe

Fig. 4. NF-«£B binding to IL-8 DNA in CoMTB-
stimulated A549 cells (EMSA). Nuclear
extracts from A549 cells stimulated by
CoMTB(1 : 100 dilution) for 1 h(lane
2), and 2 h(lane 3) were mixed with
radiolabelled DNA probe specific for the
IL-8 NF-«B binding site and analyzed on
a 4% polyacrylamide gel. Lane 1 is con-
trol without stimulation, and lane 4 was
competition assay using prior treatment
with non-radiolabelled probe.

Zrksl.0m, CoMTB(1004) 342 A=sige
Ao gze] 18.6+4.39 VeI, 8 &L
2l PMA(20 ng/mD 2 AF30E 49 vz
24.1£9.14) BA4o] FrtatArt(Fig. 5).
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A = 22 A e} A dad 7EA] Al
2] HA A2 He Al AN, #2748
] el gelel #e ATES i 2o A 2
AzEQa, AL 25 O] Zagr. 1
Hu H2 AxMZE7 o8 7R proinflam-
matory Al|E7RRIES] A= whol dgletagd et
¥l -1(monocyte chemotactic protein-1), 1L.-83}
2L eIl APIETRIES #Hd] 2
sudio 7 YEAIEE FUST EYSAA 29
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Fig. 5. NF-¢kB-dependent IL-8 promoter activity
in A549 cells. A549-I1L-8-NF-«B-luc cells
were stimulated with CoMCont(1 : 100 di-
lution), CoMTB(1:100 dilution), PMA (20
ng/ml) for 6 h, and cell extracts were har-
vested and assayed for luciferase activity
using luminometer. luminescence of each
condition was expressed as fold of lumines-
cence without stimulation. Results are the
mean+SD of three independent experi-
ments.

TE FA3ke Zo] e o] web* b, AN E &
g 2 3 59 Por)hd) ol Fad
AES ¥ Aoz FHHE

e E30 AB49 M S Hesn
sio, ddFe g A549 A%} IL-88 Buls}
= AL 2 9=A . Jeiu) AS49 Alxe) A%
T B HA2AQ 2A I (professional phago-
cyte)d] UAM EH T Hojxm 2, A JujxEe] IL
-8 FH71-] 2dolA BEire] AP 23t 7]
A oledd] ® t& 71d, & A B2g tialA
Fofe] AT Ao o r1do] A F&vt B4
th sfuvisid, A @23 dAMEst TNF-a
¢} IL-18 Z& proinflammatory Al EFRIES
HHSIAL, E§ o]E AP|ETIRIEC] HA TN R
[L-8 ¥H|E A=38k= Zlo] ¥R 7] Wio]chs '
A2 B a7 A7 Adgoz AuNES A
AF3AE BE IL-89 Aol FTUEHAAT
CoMTB=Z #=313& o o B2 4o} IL-8¢] A4t

HQci(Fig. 1). 2828 H43A x| IL-8 A4l
QoA BEH 2§ HFHU AFEe TS
2% A £ Aibsks ERE 9% 23
29l Aol ¥ £83 A8 ¥ Aoz AAHH o
7195 TNF-a9} IL-147F 583 988 & 7o
Az

B 7oA CoMTBE A549 NZE x=8l9&
of IL-8 mRNAS] &3le] m=s vehby 2447
B fAEE 2t #RE 4 U Actinomycin
DE A2 fAx dAe Adde 459z 1-8
mRNA 9] o] 243 24417t o5 70% A%
AEe Ao Hol's, MAL & A7 9% IL-8
mRNA 2] ¢1A &l (stabilization) 7} CoMTB2 A=
o 8t A549 Al¥dMe] IL-8 mRNAg wge]
&8 08 FA fAshat] 71 8 Aoz AT,

IL-8 faxle] W& drla - o8] o] Fo]
2w AARIA} (transcription factor) ZejA NF-¢
B7} 774 243 988 ke Aoz dA U
oo B AFdM= CoMTBe o3t #AbiA] Eo 4]
o] IL-8 mRNA¢g] 23o] 2713k 7)%o] NF-4B
oEH o2 dofik=a] gotrgith. NF-«Be d:
B-# =4 immunoglobin « chain f2xte] &
@ 2ol Boddhs o] FAHUA FHE HAkl
A Ay g GF fd A M F8F A
AR o] § FEAHA Fetsy] 8 558
4714 & Zha ot v A= dE NF-«B
7t 22 o] kBaghs A Dadd] o] oFE
o] Qitizt A3l A=) WS 1kBavt 4t
B A] ubiquitin-proteosome 7 Zd| o9& EalE=u]
ole} FAl] NF-kB7} frej=lo} foz ofFslo] «
B Eo|3 ¢7]MYd F91¢] DNAJ Aoz IL
-88 ¥31% B-9&4 HHXEY JAE fedhe
Zloz wEx ops B AFoA western blot
& o]23le] CoMTBe| A=o2 A549 M7
Al 1kBee] B371 dolvkes A& @23 23, «kBa
£ CoMTB =13 % 10824 &3] =it
AZro] Agell whet Tl vehbe e B
ol IkBar} NF-«B @43} 2jall thA] dAM =5
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© fFAAel7] wioltt, oy i AFd 2F
NF-¢B 42 ¢ A&3H f=EX5 d4s1)
2= =], NF+«B #4o] A4EE 7|doz
© NF-«B @43} 23] dAM-=E AFA A
" kBart & WX NF-«Be} 283 & zd=s
&= 8 Yol NF-«Be] 5=7} g4dh= Aol
F 71z g3A du 3, CoMTBe) zi=o =z Ix
Bee| #3122 425 NF-«B7} floz o)%53l «B
So]8 471A44E ¥ DNAC 2gsl= 7L 24
3l7] ¢3) EMSAE o]&35}9ict. CoMTBZ A549
A58 A389E o o] NF-¢B-DNA %
FA o] ol AT 1A Fol ZTlsI Tz 241715
de Fidlke FFE Zied o9t e AL
NF-«B &4o] ¢ A&3HA R34 4431
ZAE I QIvhs = T F7ojth. A549 Al E 3
A CoMTB¢] =l=2 o2 NF-4B 9J&A IL-8 §3x}
9] AAEA (transactivation) ©] YA U=2| & lucif-
erase reporter gene assay e 3l #Idslg=y),
CoMTBe] #=d o3t I1-8 §-ARe] AAEAo)
Az v 12.59) Zralch.

ol’de] A7z CoMTBe] A5 213 A549 A%
oflxe] IL-8 21z} g&el| JojA NF-4B7} 223
e sz & ¥ T UAT NF-4B o|9le] &
AARIA ] o]t 7)d e 7hsA S wijAlE 4= Qi A
A7 IL-8 FHzte] ArEA gloiM NF-¢B7t &
83 &S 3x|ut NF-IL-6% 72o] Bodsh= Ao
2 dA dri*. Wickremasinghe F'99] R 119
ofahy ZAFFE B "o wjgEHon
A549 M ¥ E A=3l3 luciferase reporter gene
assay & A E v NF-«B AR Edelr}
W& 7B luciferase o] EdRol7} Qe A%
(wild type)9] 15% 4ol =Jx] @gkor}, NF-IL-6
Aol AR} A& % luciferase o)
Ed¥} fle A9 50%FEE =4 A=A
o 28 ng CoMTBY] o3t A549 AlEdAe] IL
-8 FARte] AANEAl $lejA NF-¢B7} NF-IL-6
Ho o] 283 988 ke ez Az

2 Aol AR A Adel B sFel 3
A71R o] Fa¥ ABE s IL-89] U7l
o YoM AIIAFA F0T 28L F T )
AR QoI AsFel APl 9@ JIR TR
Ase YAT BRAA Llel 45l o 7]
dol o a8 4L 3vl, CoMTBe| 2|3 5145)
AZAA) IL-8 k] Wl 9oiM NF-4B7}

0D 4L = e & 5 A

i

P

2

2

AT -

IL-8-2 723t spsteAiaza 47ty 2=
SHZEE 9oz Aeid dd 59 W
71%ol oA Fad e gt IL-89) Frizle]
HA) glolA] NF-«B7E Fa3 988 vt Aas
& 28 7+dA] A £7} NF-4B ol& o= IL
-8& Bujdh=x| doprnz} s}

2 R

0=
i3

WAl o] AT AT 2447 v F
% uj dEH (CoMTB) & ¢t 28, CoMTB
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