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The Effects of Mycobacterium Tuberculosis on Alveolar Macrophages
—The Alterations of Superoxide Production in both Human and Rat Alveolar
Macrophages Exposed to Mycobacterium Tuberculosis H37Ra Strain—

Keon Youl Kim, M.D., Kye Young Lee, M.D., In Kyu Hyun, M.D., Young Whan Kim, M.D.
Sung Koo Han, M.D., Young-Soo Shim, M.D. and Yong Chol Han, M.D.

Department of Internal Medicine & Tuberculosis Research Institute,
Seoul National University College of Medicine, Seoul, Korea

Background: The oxygen radicals released by alveolar macrophages contribute to killing of
microorganisms including M. tuberculosis. Macrophages are “primrd” for enhanced oxygen radical
release by macrophage activator like IFN-y and LPS, which do not themselves cause release of
oxygen radicals. Actural production of oxygen radicals is “triggered” by phagocytosis or by exposure
to chemical stimuli like PMA or FMLP. There has been debates about the priming effect of alveolar
macrophages because they are exposed to usual environmental particles unlike blood monocytes.
Therefore we examined priming effect of IFN-y in human alveolar macrophages comparing with that
in blood monocytes and rat alveolar macrophages. And we observed the alterations of superoxide
production in both human and rat alveolar macrophages after exposure to M. tuberculosis H37Ra
bacilli itself and its lysate.

Methods: Bronchoalveolar lavage fluid was processed to isolate alveolar macrophages by adher-
ence and the adherent cells were removed by cold shock method. After exposure to M. tuberculosis
H37Ra strain, alveolar macrophages were incubated for 24 hours with IFN-y. The amount of
superoxide production stimulated with PMA was measured by ferricytochrome C reduction method.

Results:

1) The priming effect in human alveolar macrophages was not observed even wth high concentra-
tion of IFN-y while it was observed in blood monocytes and rat alveolar macrophages.

2} Both human and rat alveolar macrophages exposed to avirulent H37Ra strain showed triggering
of superoxide release and similar results were shown with the exposure to H37Ra lysate.

Conclusion: The priming effect in human alveolar macrophages is not observed because of its usual
exposure to environmental particles and avirulent H37Ra strain does not inhibit the activation of
alveolar macrophages. '

Key Words: Tuberculosis, H37Ra, Macrophage, IFN-y, Priming

"E TE 190195 24 dFAEAEAL A7) Aoz olfo] A,
A gelien o stae a4 AE Y Bl A F

— 526 —



M £

AZHAA 2= F5olA A" rAzE B 7
Asted s ol Agdhe AlZ2A He) W)zl gl
olA $83 AL ey, Addol A Az
Hgoll QlelA) F3d A8 el AlZolgpy,
ZRA A L] Aol g Ael 5 AA Also]EA
=14 (oxygen dependent process) 2} Ab4 u]| 9] &4 A
(oxygen independent process) © 2 ¥ s&=d®, 4l
A2lE4 342 superoxide anion, hydrogen perox-
ide, hydroxyl radicals} 22 w24 Ab&ciAlE2] A
Aol o]k AdF Al 5-& 2y, A4 v o] &4 kA
< o442 phagosomed 7hialiss T
lysosome®] g ol o Agagoz Ady Fo}
T3 2L Al olfo] AgE AslolA HEFe F4
Aol 28 AEE )Y,

Ab2 o EA A A wAlE ALt -?47"\ gk
NADPH oxidaseoll 23 Zufzt&of o3} A4~}
NADPH 9|24 304l 2 2 superoxided 4 5‘5}%
Aoz A=), Superoxidet #Woll4] Al&3)A)
dismutation 5w =3 4Edd o2 F 938 FAq] o}
ol Ak Bl v oh-E-Eate) whgo) = AR Ao AFy
& 74ekA] gFent AAS superoxides =& hydrogen
peroxide® A gh= 51 uk-g-4lo] 78l hydroxyl radical
3 singlet oxygen®] A7 2 ﬂﬁ-ﬁ}fﬂ uho A alA o)
Abgel ofgt Aald Aol Yold FaF 3¢ @
o} Al Z el Al AAE superoxide: ‘Eé-f’: ool A X
ulo g wlzglo]® 2435177} Lo|slm, A3

L}

%
P
ofN
o
R

virulent strain Y& superoxideo] i3l A d4do] &
3L avirulent strain® 47 superoxideos] ol&) 4 #ko}
A9, FEAYNM BCG Fodd Adg zhedol
8k A gAd-e o] A 229 superoxide A4} wlal]ghc)
=10 A4 2o 2 Hol superoxide 2R 02 fAAZ
2 AR E 9 e + 9ot szlch

Aol AT As)se priming & 243}
(activation) 2l Abelo] o8] 24" Aol
priming HAv Aol 4318 Az E ZAF
< ®43l71 PMA (phobol myrystate acetate) £
FMLP (formyl-methionyl-leucyl-phenylalanine) %3}
& 3k AFol uhg-slod priming # 2 gAY 4

F3lE (resident) AAZH o P whe ARLESA
HAHES A E T Priming o] 2k 32 2] 2)ol A
2] LPS(lipopolysaccharide) ¢} IFN-y(interferon-y)
o g AAde HEA ool ZE AHfoA
priming &3 el ol E ALEsteE olfE AR A
vehds 28 Gl Aelola Ad A g $al o}
giul Aol el Bty A Ze) YR Tl
of AEZ Alde] ¥udg AzaA FAHEH £ 917
wlol ok, A ZE A2l A priming 417l= &3
S 24+ A 79 LPS, MDP (muramyl dipeptide),
IFN-y 5o} glomj!s® olefgt EAEL
Ho 2 superoxide 44 AF35A] otz A A A
Ap=rol] wkg-3tod superomde RBE F7HIFIES 4
A L% £ (prime) A1 7 Folct, uwheby} f A2 4
& viAEe A4de ‘4101]/411: 24 8} (activation) o
A= (stimulation), #2]ellA+ priming# triggering
%o Frobdlg 2agicn ¥ 4 e ojo palsk 4
I AsAE 4 9 1A A 243 wain
& ekokAwt o8] ohE FAEEY o AFEAR e

arachidonate'”, calcium & calmodulin'®, protein

ZLAlo] A A

kinase C'?, cyclic nucleotide-dependent kinases%?*
o Fojdhe Ao Yo ch

olef gt Al Al 22] g4 sttt Aol & off HAF
o] vl dgkol] s kel o x]7} Bl % ﬂ-‘.‘*?
o} Az FAAYE FolA sulfatidest lipoarabino-
mannan IFN-y3} PMAe] 23 ojAlAZ &4 351
o} A 5} = 49 muramyl dipeptide ¢+ trehalose
dimycolate 52 tHAAZ 7158 843} A7l 2
a7} glojierh Zhzte] A2y FA4AFo] RAAE
o} “]ill'— ko] AAF FHPAlol Aok AAH<l
g sle] oA w Tl sher] A ¢
/‘a‘zé ole}, &“‘5} HAZHA A E Gt Lt o}
2 W] o F 8ol ki slo] gl Al Eo
2 °a"§}’§°\l 5 Fdol of#] A& wbol chAlE
€ =2} IFN-yoll 23} priming 7% vebiA] ¢
A 210_}22; y:)su-ﬂ-oﬂ a}_ﬂl—g]__‘: 13;}] Al Az
ALE Al A So] W Blol] | E BASHR] e
. ololl AATE AR WAdlA A BAA L
A% _% 23 3458 AZAAA 2o IFN-yo) o5
priming 7% wlmski o gl7A Lol A28 priming
o8 Aagiond, el H37Ra straing s Eoj4l

i

— 527 —



Al Zell 2% 27L& vl superoxide A5 #HEE =
AbsEg 7)ol ehg-3} Zho] ¥ m 3 wlolr),

dExz % AFYY
1. 27 E H3TRa HAMZSRY
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Fig. 1. PMA stimulated superoxide release of human alveolar macro-

phages.
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Fig. 3. Superoxide production of human BM with gamma-IFN treatment.
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Fig. 4. Superoxide production of rat AM with gamma-IFN treatment.
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Fig. 5. Superoxide production of human AM exposed to H37Ra.
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Fig. 6. Superoxide production of human AM exposed to h37Ra lysate.
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Fig. 7. Superoxide production of rat AM exposed to H37Ra.

o]
e

HZ A A Lo A chemoluminescence assay 2 ]z YE-BAo] g Fo H4rt HE Ho g A7ty
& AD AZHYA Lo} ARTAZESG 2710 A8 = o 949 ALHAALE o] §5e] superoxided
Z4EE 2ty 238w 9ln Kemmerichs®s 343 23 priming £3-5 #4E 4 9w 2L o
Bledt AAE B a8ln glen IFN-yol 93k priming 21§ AL b sle Ap4lelztk alich e sol 4
Eell SloA] HAwtTFAZ} HZHA AT ool A Fole BAE Ade] dAAEE FU AlE Aol
AolE vehle] A ZeiAAZeldE priming E3r o, o ohE A ZA sl £3E §4
257 g Radln Yok e P o] & AZE HAAlojn 2 FAAHZAHE 4
triggering AjA| 9l PMAo| dFg-8le] AQAE|E AbLul 343 HERAALE AZNAAEE 3T 4 gih
S HAES $EBL 7 A H80l Wl Holg & A3k 2ol 24} glolAl AR Pt A2
Holm A ghol 7+ MLt Al 739 xlo] ) A A 2obe Hoddhs, dAlA, 7154 AeolE Balrh
+ o Wt geglgtat AzER] gedh 2 odr & AME AVIE & o A3AHZARES 5 Ao
ol AHER Wl E BY 2AAM AAstn Aol ¥ A HZOAMZE o]l AellA A Ao} AA

— 532 —



Afofl o] EoE qbd T 4 YAl geidE 45
A ¢itha A7k, AAZ Drathel &322 ol
AL RS Y3 F Az —“‘i—*ﬂ?ﬂ 544 Hed
A Z A A 2ol A= BCGe b
o] F7}8 ¥ul opig} "*%1"%%
Relckw sk gl

& Hxe] FAl o)A shalEA o] i n,
dsroll Al PPDel| 28t dulolraAe] 7ha
e EAU LR ] 94 3Hgo] 24

HEo 2 not EF AdNFAlol A Y2l WAL
AZRAA 29 75 147} vebdohs Ale od
TAES] Bao) od) odejal Aol ol At
sl AL 75 AHsle AdFY EH QA
(virulent factor) &} #zlo] dx, 03 54 qxz
A A Az g 48] lipoarabinoman-
nanst sulfatide &o| &l gl wxld JEe 4
A3 RN Z Afolo] 244 e
Woll 4] Fo] Ralsl+ A& w3l
HAA L FAste °*1ﬂ e A

oz 244 v

S-3led superoxide A4
HAE FolEe 274 E

Q
HA st Az
*® IFN-yell 23

%‘E%X% et 2 7]

oxidase enzyme system< 1—}7§j A AR = ke Ao
2 A7ZbElod olwlx, [FN- yoll

AzAe AE Ak A7l Ao Az, oefv
A#F Azwel ofE 485 ol muramyl dipe-
ptide®} trehalose dimycolate 52 9.3/ A M2 &
BAS A= Ao dA Qo] A 7] AT
A7 AL 7152 5] o] = A= AojsleRE &
AER] e,

2 ATolA B FF H37TRae] AFL A zdiAAZ
of =2&A17] ZAa Aetal "EH Oﬂ/‘i 3] t
= EAHE Vel e ole g AiE
Rrh] me{sleiol ® Algho) 9).‘%51
H37Ra {%o] &8 F&o] ohja} v 58 FEolabe
AAdeld, 5 FEA5E AR Fag 54 oA
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