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The Effect of IFN-y on the Phagocytosis of Mycobacterium
tuberculosis and Activation of Human Pulmonary Alveolar Macrophage

Jae Seuk Park, M.D.,** Jae Yeal Kim, M.D., Gwi Lae Lee, M.D., **Chul Gyu Yoo, M.D.,
Young Whan Kim, M.D., Sung Koo Han, M.D., Young-Soo Shim, M.D.

Department of Internal Medicine and Lung Institute, Seoul National University Callege of Medicine, Seoul, Korea

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-y in human. In this study, we investigated the role of IFN-y in the pathogenesis of tuberculosis by
observing the effect of IFN-7 on the phagocytosis of M.tuberculesis(tMTB) 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 10ells/ml)
with MTB(3 % 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-»(300U/ml), MTB(1 x 10%acteria/ml) and
LPS(0.5ug/m)) for 24hours was measured in culture supernatant using ELISA method. The degree of phago-
cytosis of MTB by PAM stimulated with IFN-y(300U/ml) and LPS(0.5ug/ml) for 24hours was also investi-
gated.

Results ; IFN-y did not influence the phagocytosis of MTB by PAM(percentage of PAM -phagocytosed
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MTB : control : 22.1 £4.9, IFN-y . 20.3+5.3) and did not increase TNF-¢ production by PAM(control : 21 +
38pg/ml, IFN-7y : 87 £106pg/ml), and the degree of phagocytosis of MTB by PAM pre-stimulated with I[FN-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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H2E0] e P28 A9 289, HFHL 2
dgelz 2 B @A Aasou, A7z
AZAY P A} Al 2w, 1995 ] &%
X AAY 827 AH A7) 1.0% (429 99H) 2
oz $elvete] 2 e ] AR HlS
fe 22 5L AXEIL . 2En gREEe]
Y xRl FEA Foll T whEIIA|RE HAHJ FEX
BT B73la @ £ Aduidle B-E YA
3% 72837 =9 olg fxle] AR ol & of
HAg A3 ok H Ao wddal Feo] wy
VAol dia] 4% iyl met?, olg JX|4g A
2ol dis) & Ad e Ee} vlio] w39 W
718¢ F7AANAFE WYX A (immunotherapy)
o &% FAlo] oiutx Yok, IFN-y= 843t€
T-¢}u}el natural killer cellojA] Eu|5lo}s® ot
YANEE ATt A= HEAHA cyto-
kine® & Legionella”, Leishmania® $3} 2#& A%
W H¥F (intracellular pathogen)o] i3t &3-2
Poj7jde 8 9¥E e oz FHAJ
Iy olEF 2 AEu HEE Aol gk
IFN-7¢] gl gt A77} Bo] A= on 24|
gateljA wAAA  3HHF (nontuberculous  myco-
bacteria) o] 2 Bzl A IFN-y& Fd3}
o 3E Hgithe BaR oo, ey FHe o
AN (murine macrophage)d]d= IFN-y7} &
Z2Y Z9} Sl 2o FRHJADY, AL diAAE
g9 IFN-7¢] & 23 &dol] iy old= =
gol Bk Ax|o] AT F4 g JAPre AT

Azpeptd, Aue) 28 FIAZEY M2 A
e A7 2w e} ol AAolr.

Ao Wy Ae B 22 H|'LE (droplet) 9]
He2 V1A 7IRE B8 Bole AdEe FE 2
710l HEA M 2| FA = ofolX T-ubrot &
YANEE FHo2 3= AEu/iY Ag7|dE F
%0 2 = &F9] Wolrixel os] Zslgo] JAlE
o, 3T EAo] AsA &3 Hor|dd
7t D& ARG Aol T8l YFHeE £A
7t He Hog Ay o). 2oz A Uy
71Ae A M X 25 B4 e} B Fo
AR ol B 4 vt AE7EA €3 vl ¢
A G AR Qg Adwe] gl Ad 84
(fresh serum)e] EA3toA F2s=d], A&
FEAsH= BA (complement) 9} A3 Ao &
WA Ee] B 5LA (complement receptor 3 or
4)s} Ajsl] 225 AEc}(opsonic phagocyto-
sis)'®. Zu AzAe] 2719 AS-, HEd EF
o] g1, o] A% #HEY (bronchoalveolar fluid)l
v BAl 9% 2e FTE e Be %
serum opsonino] A3} ke v HEWAAE
o 23t A galo oA HAeleje tE A
(non-opsonic phagocytosis)d] & Aoz Y7tz
I UAIRE 11 2 A 71 o} A YA Fer
B X AN E gt A @A wAE
IFN-7¢] &) M= g2 vzt gict.

A o] Wy £ HA DAQ M2 &%
Age & Fo| gle T-dubrst G AT S
F%02 sh= 79 Pol7|de Ao 44 9
& Z2ARs=, TNF-o= 84318 G424



BulEe] 2] F4E oAste]'Y, 2 (tuber-
cle) o] Aol Bofsh= 217, Aol g 79 W
71 Fo¥ AL ks AcE Ao &
ax el gas) B4gste] AH2 g2 AMEHT 9
ot old] AAEL IFN-y7} 2¥gel did w59 %
o71RE FAAITIEA Fotry] S8 Ae] Wy
e 3 A DA HERNAES ZHF ol
IFN-y7} o] 4&e vixlex] gotin, w7
F A gAd oAz & 2y B4dste) IFN-y
7t ol FFE viAEA] Lotry] Al HEfAAE
€ IFN-y2 A=53ta] XM EAA 9] TNF-a
8] A=E #FsA-

chat 2

1. 287

QIAA NN dL oA A ARTE 0.05%
Tween 80¢] £°{9+= Middlebrook broth media
of ¥ 37°C 3| (rotating plate) $JollA 1571
Ahedste] & ZAHHE F-H-dE glass bead = 1
B3t vortexing & ¥ 1587 A2 #R|ste] 2
o Bolelg Jtetgksln 45 1/2& dolA water
bathol| Al 80°C oA 20%-7F 7VE8te 2ad & &5
sto] —70C ¥zl HAsEt 7 4o A
9 T=g Ay S8 ke i AHe e
FRde B8 AeAdsrE ol8slA 10614 54
3}ed Z}z}-8 Middlebrook 7H10 agar plateofA] 3
F2t wjFeE & colony count& spod o &ef A
A =8 AT 2ela AF Hdd A
FRde dAEesle] A golegls 41 AT
o] g RPMIE 7kl ultrasonic cell dis-
ruptor2 M2¢ AdF FHAe e HEE 3
At

2. B ZciAME2| B2

FH A 234 854 HA8] Qe 8H A
Foll A 7727 AFR-o] v E] o3 7|8AH
FEAHANY ©0He WX3}7] 98] 1% povidone io-
dine 2 garglingdt ¥ 772& 53 718A WAA
& Akt Z1BAHAI S B3 protected bal
loon tipped catheter& 924 7|@=X|of] ZLAHAF|L
37C= vg 7led & HelagsE 50ml 4 FA}
NN B8 FYg H FAs7IE vHEEte] F 100ml
o] Z|BAHTAHAE dojM T He Az A&
¥ 400gs 2087 fAEsle FdE AEFE
RPMI 164022 M|A% ¥ trypan blueZ 943}
o] hemocytometer 2 H| XA Z ] =2E A oA
HEgAAEe] 57} 1x10° cells/mlo] HE=E
2mM L-glutamine, 10mM HEPES, penicillin
(100U/ml), streptomycin(100ug/ml)o] Z7}=o]
)&= RPMI 164008 AR-5dg ©95o 200ul¥
plastic materialo] coating® chamber slide
(Nunc)d] 233} 37C, 5% CO, incubatorofAl
2417 Bt vt AERAAEE updo] F-EA|
7]3 RPMI 164002 39H AHsld A2z viF
FALES AAS T AXA A 2 Fastdnt.

3. T ZEcHAMIZL| AT B4

—70°C ¥A3o BREsd FYE Rrde 59
% 94823l Middlebrook broth media& A|A
331 9& AAF gojg|(pellet)E 2mM L-gluta-
mine, 10mM HEPES, 100U/ml penicillin, 100ug/
ml streptomycine] A7}sle] = RPMI 164002
A7 =7} 3x 107 bacteria/mlo) H=& AR
$9L Th= F ultrasonic cell disruptorg A
ol & EAAAN A EdAMEs} B-2Eo] glE



chamber slided)]l 200ul¥ *7}3tm ufokHel z}tzt
IFN-7(300U/ml), LPS(0.5ug/ml), 28)1 7]&=
HEAYSE AAT At ANEA Eelg 43
(autologous serum : 10%)-& #7}sle 2A3F vl
¥ RPMI 164002 3¥ A 33l A5z} 245
A g AYFE AASLL, chamber slideE modi-
fied Kynion method 2 3 QAL &l 10004)
FAsNN HEdS B2 AEdANEY] 2A1E
A%tk (Fig. 1).

4. BIECHAMIZL] TNF-o 44

ATHAMTF  2asolgls  chamber  slideo
2mML-glutamine, 10mM HEPES, 100U/ml peni-
cillin, 100ug/ml streptomycino] 37}sle] =
RPMI 16402 200ul® H7}sto] wlokshniA) u) ok
o IFN-7(300U/ml), LPS(0.5ug/ml), 237 (1
x10%/ml) & 247} Hriste] 24412 vt & &Y
& gilEeEtd e &F dd s —70Cq B
#9497} ELISA kit(R&D system) & o|-&-3ta] Hl
goofjAle] TNF-a's =& ZA3I0TH

Fig. 1. PAM phagocytosed MTB(after AFB
staining).

5. IFN-72 XIS&l HEcHAMIZ L] AT Sals

HE M E7l HFEo|9ls chamber slideo)
2mM L-glutamine, 10mM HEPES, 100U/ml pen-
icillin, 100ug/ml streptomycino] #H7}5lo] U=
RPMI 16408 200ul® X7}ste] vioksl A ul okl
o IFN-y(300U/ml), LPS(0.5ug/ml) & Z}z}+ A7}
sted 24 Azt uieks & RPMI16402o2 3 AHs}
o] golol= IFN-y, LPSE A78 & 27 75
H (%% :3x107 bacteria/ml)& 200ul¥ H7}s}
o] 247k wjkE RPMI 164002 39 AHste] 4
F97 EAHA] 2 BHTE AASL, chamber
slideZ modified Kynion method2 gAlgdgA<
sto] 10008f f-slollA AHE ©Ash H2o2
Mol =xb& Al

6. 34 2|

EAAEQ] #-2)4d2 Wilkoxon signed rank test®
Ak,

4 1

1. IFN-y2} SZciAM|Ee] HMF =Alof| o|xl=
a9

A9 BT AXgHEE 2T 3¢ 221
+4.9(FF £ ¥¥283}), IFN-y2 379 3%
20.3+5.3, LPS A=579 729, 22.8+4.8, A8
R A7bee A$ 34.9+4.02 AZFEA HFrpRA
E gz v foehA Bskeuh(p<0.01), IFN
-7} LPSASZoMe dizzdd o7k gldich
(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-a production(pg/ml) by PAM afier
24hr stimulation of IFN-ym M. TB, LPS
(n=5).

2. IFN-72 XFEl sZEchAMEL| TNF-a 2H|S

AZHANNEE 24412 wljk F Zdol F43%
TNF-@9] 5= U279 2$ 21+38(HF+ 8
FHA}L), IFN-yx53¢9] 74$ 871106, AT =
F#o] A% 1665+1495, LPSE =27 A%
13108 £10999 = ZAFH LPSAFTA e HE
WA ES] TNF-oitH5-2 2 o v3] ot
A BLo b (p<0.05), IFN-yZ2 A= z}tol7t
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Fig. 4. Phagocytosis of M. TB by PAM after
24hr stimulation with IFN-y and LPS(n
=8, mean+SD).

Aok (Fig. 3).
3. IFN-72 XS £l H|ZciAMZ o] H3R g4

IFN-7(300U/ml), LPS(0.5ug/ml) 2 24 A|7} =}=
¢ dAxdidMxe] AT BA&L dzFe AEe
24.5+9.5(HF + F=HUA}), IFN-y 2229 AS
23.4+10%, LPS #A=79 729 24.6+82% =
IFN-yAl= 72 LPSAST 250l A] o 3o 24| 2]
Ao FAE2 2ED Aojrt QU (Fig. 4).
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IFN-y&= T-u#9} natural killer cello|A] £18]5]
£ glycoprotein® 2, oJHoA fUHE o8 FH2
}2o] major histocompatibility class I =+ class
g9z} go] T-AA7E A25k] IFN-y] 2]
Z7I7)1= Aoz A9t IFN-y= 19654
Gulolz|2 Z3}(antiviral activity)7} Slckm ¥4
A oly, Welwhen) QEwss] Ao RE A
A= 293 cylokineo 2 o2 girh. =
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ZAAN7EE A=t o8] dFdA Ao} g,
chronic granulomatous disease $2}ol|Al IFN-yZ
Fosle ] Vw9l FFEE AhAZ e,
visceral leishmaniasis 2l A] IFN-y& Fol3ld]
YA AL 7PARAT. & Ay oFEX g 4
g x4 AYALe] A9 Ao g o
w7 Ao Foll7} Qe Aoz MzEo]? vitamin
D;& X3 of2] 7] o g 3o WHYTE
e A=rt dded® o] FojA IFN-y
7} HAAEAR 71 de] AFEo k. ALl
oiM Adlel WEr|AE B, AYFL 2 vd
8 (droplet) &} Helz F71A 7I=g B3] EolebA
Hxo =2ehA Hi o]ojA] FHEiAA R g
o2 HEANEE Al tigt 39 o)A
o Qo FAEE @i ¥ 4 o a8y 2
o] o|F thAH x| QIR|Fo] FAE]= 7]Hef of
AXe ol Z geiA UA A AR A
upo]] oJ8tH A E ol 0§t Aol B 4l
YA (fresh serum) o] EA 3}l A R, o] 714
dx ¥ A3 B (complement) ol oja)
s sn AYaa A3t 2A7) dAN e 1
#4823 (complement receptor 3 or 4) ¢} Agtslo]
FasAEY. & AFNAME 2718 A (autologous
serum) o] Al H XM Z | o]t A¥F] T
& S FA” & AU (Fig. 2). 22 =
7tdA o] §lg Aoz ol=Fxo] HaHo] gy
T Aoz Hol HEAAME oF AT g2l
oJolA mAjolelel thE 7)H (non-opsonic phago-
cytosis)oll & Aoz Azten] UA] AYAH] 2
79 7S, #HE FFol 9z, o] Be HEY
(bronchoalveolar fluid)oll= XAo) 28 opsonic
phagocytosis& Z71A12 wE B2 %2] serum op-
sonino] £A8}x] %o 22 non-opsonic phagocy-
tosis7} o 88 ¥ & Aoz g}, e}
non-opsonic phagocytosisi= opsonic phagocyto-
sisHr} ofst WAe] dIAAES o] &gt AYPeM
2879 non-opsonic Bl Hojx il x| B

A& 3(complement receptor 3)Ud] A=
epitope7} BT BiE JAWD, ofFE A
g 71He deA UA et AFAA e 2§ A
8172} non-opsonic phagocytosisE &g B 97
ol IFN-y= dZdiAA o] 25t A3 HF<] non-
opsonic phagocytosisel] 93& u|xx] Fgon,
[FN-72 24A17 A58 XA AAE =8 4531
22 iz ol glUtH(Fig. 4). tiAAEe
7283 A3 &4z ¢#d LPS(lipopolysac-
charide) & FAlol| A|3& AHolA EF o)A
o] Za Tl AL XA E5E ¢ 5 AN
. 2822 IFN-79 o 29 aske Zde) wyy)
Aol QoA R A DA AEG AN 2% 2
gito] FgATA R BFe] BAd B & Ao
2 Az, TNF-oe 2978 233 o8 79
WAF (N, 7148%, vlolzlx) 9] x5l o8 84
ste AN RN EH[EE 3EE cytokineo 2
&3] HAREgo] Fojdl] HAT F4& A8l
o &Fo| wolz|de Fagh J¥e 3hA|ul, oA
(cachexia), WEAA £43 (endotoxic shock)z} 2
o] o] Wil #He e doF)= pro-in
flammatory, endogenous pyrogen ¢ 2% 223},
TNF-o= 53] A $4& JA8, 4 (tu-
bercle) o] Ao @i, ANNEE F¥Fol
AT MxEae] 74489 Lipoarabinomannan
(LAM)o 2 z3319& W TNF-aH|E 371417
3 TNF-¢ mRNA Eg& Z7Mj7ls Aoz Iai
lom®, A i A yie] Qs £ 7
FAAZA A S ABYE 749 B4l 8ls) TNF
-a T2t ¥4 des Aol dA N, A o
g o] olr|Ae] 2% %S ) AT
o] A% FA35le| A F2%® dal ARREHI ok 2
APl Hm AFo s HAXYAAEE AL 7
$ TNF-¢9] RH|& d2ER0 Btoy I7 &4
Ale] FAAEQ LPSE A=3e A$ v v
< AL #FAE 4 AUtk (Fig. 3). od dJ2 2
o] el SlolA g &4 Aol < #gel



B]3] pro-inflammatory, endogenous pyrogen 0.
% Agske TNF-e9] #1871 ol @3uhgo] A
A dojus, Hukgo] oAl dojut A¥To] &
AAHA e AL HAFE F A& AR A4dn.
I} IFN-y2 AF39e 2% dizael] vE
TNF-q9] #H|E fo&tA F7HA714] R3tgdct. o
g Zaks IFN-yzAH= oM Ee] TNF-a 84
& Z£78A 3 LPSol ¢g TNF-oo] 4itg &
ATk e @A) matnes s,
agln 1 7|de 2= IFN-y7} TNF-a@ gened] A
A}(transcription) & FAA7)AY TNF-¢ mRNA
& QA7) dEolghs JAER AAEHUTH P
. 283 IFN-ry& E£3 o8 579 AlxolA TNF
-a 83 9] H4d (expression) & FIA7IE e

gAY, ojzle] B o} AYdA IFN-y &
Eoan gl xe] TNF-o BH|%58 Z7HA200
T EIEE o}, 2L T AME vl
EAsHe 4%9 LPS wRoz FZErt?. Je
2 gAelA Aaggel slolA ag &4 Adte]
FA o] gig S IFN-yE Fddit sireis
AN A TNF-ao] £v] 718 B¢ & 2 &
FHE 7tHA B Aoz AZ4ATE RoseT?e B
o of3hd At HENAMEE IFN-y2 A=33
€ w Mycobacterium avium complex(MAC) 2]
Z4g AgA8kA] sl o} macrophage colony-
stimulating factor®} IFN-y2 Ao A=3E o
MACH F4& dAsHA JAIsIAe™ anti-TNF-a
antibody & A7Isldx 32 A azE s
R3ld. aeg IFN-y7F 3 28 a3t dohd
olnlx M Eo] o3 TNF-a9] Hul9] F7lek=
B Aoz AP Al flojAle IFN-y<]
& A9 kel 7)Aol disiA 2 delA UA AT
Fe] A ¥ (murine macrophage) 9| A= IFN-y
o] 3389 Fzel 7jFe vuny Z A e,
Denis3¥& #H9 tAMEE IFN-y2 A3 &
o ZsiA 2T F4& JABIgen o] Axs

2] M| £ 2] reactive nitrogen intermediate 2] £4]

o] Z7le} #do] Y= AL AFS|T reactive nitro-
gen intermediater} 2] M ¥ 9] 3 A 7149
Z93% mediatorZ9] st Aolakm FAEIch
gy Alge] dAHEE IFN-72 253t8& 4%
reactive nitrogen intermediate2] £u]7} 71313
%= Zo] gEZth. 1yuE Algn Fe| diAAE
ol thgt IFN-y7} @ 28 7jle] thg oz B4H
t}. aeg IFN-y& & 28 X5 o]83}7] 93l
A Ade] wridn [FN-ye] & Ad7dd of
A o B2 A7) desiele AzhEn

2 <%

AN -

IFN-y= GANEE Z43A719 o2 79 Al
ZU Aol g 539 Wdolrlde F8d A48E
sh= Aoz EAct Let Abgdel] 9lojA] IFN-
rel & 28 aziel 4710 disire A gzl
w7} Qivk. & dAoliMs Ao wriddiA IFN-
79] e dolry| S8 HEdjAMEe] AT B
A7} TNF-a A4kl [FN-y7}F v)x)= 43Fs gofs
P

-

254 #dgo] gle 8B ARgAA & V1BA
Az YA HEHAANEE FHFAYoZ £
sl Zegal o) vieksbH A (1x10° cells/ml, 3
x 107 bacteria/ml) Bj%Hd] IFN-y(300U/ml),
LPS(0.5ug/ml), AZ}8A(10%)& AH7ste 24
7} 8ok 3 &2k @A (modified Kynion method)
& sl ZAsFe FAT AT EE FEsAT
agln XA EfSA]  IFN-y(300U/ml),
MTB(1X106bacteria/ml) and LPS(0.5ug/m!)&
Zyzt Hrvabe] 24 A12F vk ¥ S oA TNF-o9)
=22 ELISA method® &#3}dc}t. 18lx IFN-
7(300U/ml), LPS(0.5ug/ml) 2 24A|7} 2}=3F 3
FjA o] Ao BAEE A

4

— 42 —



IFN-y&= HEdidMxe g Eaes 707
A ¢ton (percentage of PAM-phagocytosed
MTB : control : 22.1+4.9, IFN-y:20.3+5.3),
HERHAEE 2447 AF819E o) dE2h A=
¢} TNF-e9] A& F7M0712 skt (con-
trol : 21 +38pg/ml, IFN-y: 87+106pg/ml). L
g [FN-y2 24x7F X3 A x4 ze 2
Ad FE EI Zr)8kA] okt (control ; 24.5 +
9.5, IFN-y: 23.4+10.1).

a4 8.

[FN-y& AXxdi2ze] g 243 TNF-o 4
Aol S m|A A et

g 2 & H
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