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The Effect of IFN-y on the Phagocytosis of Mycobacterium
tuberculosis and Activation of Human Pulmonary Alveolar Macrophage
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Background : IFN-y is known to activate mononuclear phagocytes and to mediate host defense mechanism
against some intracellular microorganisms, but little is known about anti-mycobacterial activity and mecha-
nism of IFN-7y in human. In this study, we investigated the role of [FN-y in the pathogenesis of tuberculosis by
observing the effect of IFN-y on the phagocytosis of M.uberculosis(MTB) and on the production of TNF-a by
human pulmonary alveolar macrophage.

Method : Pulmonary alveolar macrophage(PAM) were prepared with adhesion purification method from
bronchoalveolar lavage fluid obtained from 8 persons without active lung lesion and cultured(1 X 10%sells/ml)
with MTB(3 x 107 bacteria/ml) with or without IFN-7(300U/ml), LPS(0.5ug/ml) and autologous serum(10
% ). After 2 hours, the percentage of PAM-phagocytosed MTB was counted after AFB staining(modified
Kynion method). TNF-¢ production by PAM stimulated by IFN-7(300U/ml), MTB(1 X 10%acteria/mi) and
LPS(0.5ug/ml) for 24hours was measured in culture supernatant using ELISA method. The degree of phago-
cytosis of MTB by PAM stimulated with IFN-#(300U/ml) and LPS(0.5ug/ml) for 24hours was also investi-
gated.

Results : IFN -7 did not influence the phagocytosis of MTB by PAM(percentage of PAM-phagocytosed
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MTB : control : 22.1 +£4.9, [FN-y : 20.3+5.3) and did not increase TNF-¢ production by PAM({control : 21 £
38pg/ml, IFN-7 : 87 +106pg/ml), and the degree of phagocytosis of MTB by PAM pre-stimulated with IFN~y
for 24 hours, was not increased (control : 24.5+9.5, IFN-y . 23.4+10.1).

Conclusion : IFN-y does not influence on the phagocytosis of MTB and TNF-¢ production by PAM.
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YANEE T3] A7 dEHY cyto-
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bacteria)d] #4E Fxto) hsiA IFN-yE Fs}
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o] Brh Az|o] AT F4& JATT= 97

Azjepitn, o] Fag FANATh="Y M2 4
whE Q7 Aape U} Sl ARl

Age] WHriAe Byl 22 uwE (droplet) o
P2 §71A 7I=E B8 Eole AdTge 7Y 2
719 SEA A ol F2 = ojojx] T-ah9 &
AANEE FHoZ she AN ARE
Zo 7 g &30 wolr)del osf Ao A s
Ed, 2879 B0l AsAY &3] wolylde
Ao} g 7% Aito] FAEl Y or A
7} He eg WA dot. Teug Feo] uhy
A A Azl o 2 dAle} 7] $9
AR el B 4 itk AE7A] @83 bl 2
shE WA Rl ogk ATl @A Ad ¥
(fresh serum)e] &AM FA=TH, A&
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PAAAAN B ok ZA BHFE 0.05%
Tween 800] Eo0]gl+ Middlebrook broth media
o 23 37C A (rotating plate)$ldlA 1374
Algujekslel 4o AYF BHYE glass beadZ 1
#3t vortexing ¥ ¥ 1587 Ao Wx|sle] 29
T QolElE 7tersln 43 1/28 LojA water
bathol]A] 80C oA 2087} 7}Este] AFE & B3
slo] ~70C 3ol Basldrh. RAY &0 Y
o TEE Ads] A8 7 A F[e g
R 458 Aed5E ol 8siA 1084 3y
8le] Zzb-g Middlebrook 7H10 agar plated]A] 3
3 vkt & colony count® dlof F{-o 49 A
AT =8 Adsidt. 22 AY A FAF
FHAE dAEeisle 29T PdollE ¥ BYT
Fxo g4 RPMIE #rykeki ultrasonic cell dis-
ruptor2 A2E 2T FHYE whEo] e 3
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FH AR 288 €54 ddgie] gl 81 At
Zoll disiA] 773 AFH9] B 7 718AH
FAHAY 298 WA37] 98] 1% povidone io-
dineo @ garglingst & 748 28 719 JYAA
& NFgsie). 7]#AUA B & B8 protected bal-
loon tipped catheter& $-%¢ 718X} ZAAF
37C = vlg) 7kl & AeldgsE 50ml ¥ FAb
718 B3 FdS F FU5IE vHESle F 100ml
o JFAHAZAHHE dojA F FHel AR A&
¥ 400g2 2087 fAEEskd P9 ANEZE
RPMI 164022 A¥§ % trypan blueZ {43}
o] hemocytometer 2 HE )AL} £AE AN
sl Ee] 57l 1x10° cells/mlo] HES
2mM L-glutamine, 10mM HEPES, penicillin
(100U/ml), streptomycin{100ug/ml)o] A7}=o]
ol RPMI 164002 AF-fog 5o} 200uld
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(Nunc)dl] £231d 37C, 5% CO, incubatorofA
2417 St wiele] HAEOHAEE upgto] F3A
713 RPMI 164028 39 AlHsle] 2w vl
FANELES AAStT A EAHERE £2)5 %
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Solle 9= % ultrasonic cell disruptor2 2
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chamber slideo] 200ul® H7}s}3m sjokefo] zizt
IFN-7(300U/ml), LPS(0.5ug/ml), 281 718X
HEA XS Ale ALl FuddA Fejg 83
(autologous serum : 10% )& H7isted 247k wjjok
¥ RPMI 164022 39 A3sle] 433} 245
2 & A& AAsLAL, chamber slide€ modi-
fied Kynion method & A48 &1 100090
FrASIAN B DA WX ANEe] eAE
A (Fig. 1).
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Fig. 1. PAM phagocytosed MTB(after AFB
staining).
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2mM L-glutamine, 10mM HEPES, 100U/ml pen-
icillin, 100ug/ml streptomycino] A7}=o] Q&=
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o] IFN-y(300U/ml), LPS(0.5ug/ml)& z}z} 37}
ol 2447k Wjokst & RPMI16400.2 39 425}
o} Jo}gl= IFN-y, LPSE AA% 3 Zod B4
oA (%% :3x107 bacteria/ml)-& 200ul® Hrlsh
o 24|17k ¥k RPMI 164003 3W AlHsle] 4
23 galglx] gk AdFE A AL, chamber
slide® modified Kynion method2 SHHAAQMS
dla] 10008} A-HslolM AHFE B x4y
Aol =& AUt
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EA3HEQ §oJAle Wilkoxon signed rank test@
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1. IFN-y7t BIZEchAMZL] ZHF E4lof o)kl
g

ANFE FA3 2T dizFe] A9 221
+4.9(HF + §F483}), [FN-y2 2539 3%
20.3+5.3, LPS "=79 7%, 22.8+4.8, 8
A AV A% 34.9+4.08 A FokaolA
£ gz vl& feolstA Bekeu(p<0.01), IFN
~y9} LPSA=EgoldyE dizds et ¢iddch
(Fig. 2).
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Fig. 2. Effect of IFN-y, LPS and autologous
serum on the phagocytosis of M. TB by
PAM(n=8, mean+SD).
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Fig. 3. TNF-2 production(pg/m}} by PAM after
24hr stimulation of IFN-ym M. TB, LPS
(n=5).
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Fig. 4. Phagocytosis of M. TB by PAM after
24hr stimulation with IFN~-y and LPS(n
=8, mean +SD).

2lic} (Fig. 3).

3. IFN-72 XISEl sZchMMZo| R FH4Y

g Axdadxel Adg Bale-d dzee 4
24.5+9.5(HHF + ¥2Hx}), I[FN-y (=9 4%
23.4+10%, LPS =0 A 24.6+82% &
IFN-yA5w7} LPSAS1 2504 o o 24 o]
27 FAES gZ2EH Aoyt fidich(Fig. 4).
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IFN-y= T-93+2} natural killer cellofjA] £1v]5]
£ glycoprotein® 2, 9J5oA fUsE o8 FHo
ol major histocompatibility class I E4+ class
I g3 go] T-QJ78 =sje] IFN-y9] 4]
£ Z7M7IE Aoz LAY IFN-rE 19659
gujolgl~ &7 (antiviral activity)7} Yok 8H3
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FAATEE A=t A7 dGeM AlmE sh=d,
chronic granulomatous disease $z}o||A IFN-y&
Folstel el NES FIEE PaAZOR,
visceral leishmaniasis x| Al IFN-yE Fo3}q]
W 5HE 7PAKATY. & B FEX R A
BT A 2RV B9 AR Y S

D;& T o] /A WHeg &3 WYr)FE
FANZIHE Al=7E AJ=E*Y o] FollA IFN-y
b AEAEARZ 7Y e AT i Al
QolA Zdle] WM e B, AIde Fe ug
& (droplet) o] ez F71Al 7I=E B3 Eol9A
H o s Hil o]ojA] HEoiAM Eol| gE
22 HERAAEE A Ug SF9 Hoirjd
o 2o HHEg gty B 4 Qlvh. a3y 24
ggto] o|F A E A H o gl 7™ o)
AME obF] 2 4HA A ¥k AF7A @HR
uol} oJatd A AN R o Aol gl A
@7 (fresh serum) o] EAe}ellA PR, of 714
d& 3% EAlske EAl (complement) el oj3)
7= Adde 23e BAVE DA Ee B
A ~&-A| (complement receptor 3 or 4) 2} A3stA
g AEE. B d7dME =718 A (autologous
serum) o] Al F XA F 23 AeHe] T4
< S7HIEE 898 4 Aok (Fig. 2). 28y &}
7 A o] glE AT oJ=AHx o] Aol gaF
T 702 Hol FHIdANE g ZaF T
olA HAol2le] t}E 7] (non-opsonic phago-
cytosis) ol 2% Aoz WAEn HA AP =
7191 7%, #Hxo 9%l §n, o AL Hxy
(bronchoalveolar fluid)dl= HAlo] 23 opsonic
phagocytosis& F7H 4 g B 42 serum op-
sonin®] EA3}A] o =& non-opsonic phagocy-
tosis7} B 8% 48L& & 2oz 444, 2y
non-opsonic phagocytosisT opsonic phagocyto-
sisEU} oFslH wire] jANEE 0|87 AFelA
AT 2] non-opsonic B0} Ao tjalAxe] B

A4273(complement receptor 3)Wd Y=
epitope’} Bojditia BaE JYX|THY, ofFm A
3 /1AL &EiA YA Lk HEAAA R o 2
g72] non-opsonic phagocytosisE #23F £ A
oA IFN-y& slZiaMxe] 9% Z&F2 non-
opsonic phagocytosise] 9 v|Xx] gon,
IFN-y2 24Xt 253 A A E E3 25317
e iz zelrt fdth(Fig. 4). didA¥9
3E% 843 Ed= %87 LPS(lipopolysac-
charide) 2 FAlof| A|Qg AEolA] g #H 224
¥o] A glo] g vXA ¢S € 5 U™
o} Zejeg FN-79) & 28 &vhs 299 9]
Aol glolA A WA B AERAMES )% 2
o] U RTe g% DAl 8o & Ao
g Azt TNF-os 293¢ X3 o8 579
W (AT, 7148%, Htolgix) o 259 o8 &4
38 DM 2 A BH|E= 7283 cytokineo 2
S50 welkgo] Helstel WeRel F4E s
of 7o) ol7l g o JuE AT, oy
(cachexia), WE4AA 4= (endotoxic shock)x} 7+
o] olg WUT HEY F4E doJ)= pro-in-
flammatory, endogenous pyrogen®. 2% 2231t}
TNF-o= 53] A8 34& A8, 24d (tu
bercle) o] Ao Boisin], DA ELE Ao}
Aol MxEe FAAE<l Lipoarabinomannan
(LAM) o2 A384& W TNF-o2HE 371417
1 TNF-¢ mRNA %3 Z7H71E Aoz 424
Aom®, ARzl AE o] Qs FHd 7
BAHEA H S AlPBAE A9 B vig TNF
-a 357t A Uew Zo] EHAJYAP, Ad of
3 &3] ol7|dd F83 JEE 3 dIME
9] A% EA3le AFEZE gyl AMRET Qi B
ATz AHFoz HAZHAMEE AL 73
9 TNF-q9] #ule d2ZHo Bgtov I8 84
A TR LPSE A53e A Bl ¥
2 g #EE F U (Fig. 3). ol @& 2
o] el glolM g A Al 2% gl



Bla] pro-inflammatory, endogenous pyrogeno.2
= A48 TNF-o9] #4171 Hojx dFutg-o] 3
Al dofuhe, Aurg-o] ks doju} Asfgto] &
AAEA e Ae AEE F J& Aoz Jz4€n.
aeu IFN-y2 A589e 49 dzdd vl
TNF-qo] $H]& {28 Z7MA171x] R8lgith. o
2 Zah= IFN-yZA s A xe] TNF-a 44
€ £33 g LPSe og TNF-e2] 44+e &
Agrkn v d7AEe] Hu's»wel dx)slgict
agxz 2 sjAo 2 IFN-y7} TNF-@ genes] A
Ab(transcription) & A7 TNF-2 mRNA
€ AF3IA717] o)zl AEE AAHRTH B
. 221 [FN-7E2 £3 o8] 5§ AEja TNF
-a 849 28 (expression) & AN Ao
LHAYT= . o] F ) APolA IFN-y &
Fo2T gy xe] TNF-¢ 2ul%e 374z
T EIEE Iouh®, 2R G E g
Ak 4% LPS wjEog AA49g®, a8a
B Qe g ol o 34 Al
FAl Aol gl A4S IFN-yE 53 sigas
X2l TNF-e] v 3712 58 8 29 5
BE A B Aoz AZ9Er). Rose$99 B
39 ojsld Al XYM EE IFN-72 A3
€ u] Mpycobacterium avium complex(MAC) <]
F48 AdAskx] Esllert macrophage colony-
stimulating factorg} IFN-y2 ZAld] 28L o
MACs] 24& @A dAlsen anti-TNF-o
antibody & H7Wloi% F2] oA AxE AsiA
Faeh. oz IFN-y7) & 29 asrl Yo
ohatz thAME] 2J3 TNF-qo] Bule] Zrlole=
T4 Aoz AR, Al dojres IFN-r9)
& 2Y Fate] 71Ad) digiA & Qeix AR gAg
Fe] W43 (murine macrophage)d]s= IFN-y
o 28 a3} J1He vny F A Jded,
Denis5-¥& #9o tdHEE IFN-72 AF3l9e
u st Adde] Fae dAsHen o] AxE

Al £9] reactive nitrogen intermediate 2] £H]

o] Z7}9} feo] e AL #FE3)A reactive nitro-
gen intermediate7} o] Mz o] g 2 7|9
Z93 mediatorZe] shtd Aolgki F3T-
a3} ARl AAES IFN-72 A388e 49
reactive nitrogen intermediateg] 847} 781X
&= Ao wraprl. aseg ARG FHe| daAE
o gt IFN-77} & 2% 7)de] g Ao J24d
t}. 2822 IFN-y§ & 23 X&) o837 93l
e Aol wuiviA IFN-y2] g Zer)do] o
A o B a7t destelet 444

2 %

g

IFN-7y= B2 EE S48 o] 572 Al
U Aol dig 39 doiride] F83 S-S
s Aoz geiAflh ey Al 9lolA IFN-
re) & B Fsle} FEU)- disiAe Ao €A
ulr} glel. B dteids Age] dr|HoA] IFN-
79 984 Gojry] 98 AxAA ] AT 7
213} TNF-a A4k IFN-y7} vz 3kS doly
ket

g g

854 HEgo] gl 8o AlRAAN & 718
SEAHAA XA EE FHFHoE B
sto] Aejgat go] wjgsaA(1x10° cells/ml, 3
%107 bacteria/ml) ujFdd] IFN-y(300U/ml),
LPS(0.5ug/ml), A718%(10% )& #Hriste] 24]
7t wek & A G4 (modified Kynion method)
& slo} AT S BT AXOYNEE FEIHCH
a#m AxgAEejofde]  IFN-¢(300U/ml),
MTB(1X106bacteria/ml) and LPS(0.5ug/ml)&
zkz} Arkste] 24 A1 wlg F 3504 TNF-a9]
¥E2 ELISA method2 &3sl9ct. 2ejm IFN-
y(300U/ml), LPS(0.5ug/ml) & 24 X7} A=3k 9
EojaA e ded gAEE AT

& =



IFN-y= dXxdiaMxe] 2 2488 F7HA7]
=] ¢k9rom (percentage of PAM-phagocytosed
MTB : control ; 22.1+£4.9, IFN-7:20.3+5.3),
HAEZRAAEE 24417t 2F319E of HE2oiaAE
9] INF-e9] A3& F7M7IA et (con-
trol : 21+ 38pg/ml, IFN-y: 87+106pg/ml). 1
21 [FN-y2 24217t A% A xcf2)nxe] 2
B g 3 ZrbskA] ekt (control ; 24.5 +
9.5, IFN-y:23.4+10.1).
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