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Superoxide Generation by Blood Monocyte and Pulmonary Alveolar Macrophage in
Patients with Pulmonary Tuberculosis

Jeong Sup Song. M.D., Suk Young Lee, M.D., Jie Jung Jang, M.D., Young Kyoon Kim, MD,,
Kwan Hyoung Kim, M.D., Hwa Sk Moon, M.D. and Sung Hak Park, M.D.

Department o Internal Medicine, Catholic University Medical College, Seoul, Korea

Background: Mycobacterium tuberculosis is a facultative intracellular pathogen which
persists and multiplies within macrophage. Competent cell mediated immunity by cooperation
of both T lymphocyte and macrophage of the host is required to kill the Mycobacterium
tuberculosis. But a precise understanding of the pathogenesis of tuberculosis infection in
pulmonary alveolar macrophage has not been achived. Research on the macrophage’s basic
microbicidal mechanism has elucidated the importance of oxygen—dependent or
oxygen-independent components. Oxygen dependent processing begins with the reduction of
oxygen by NADPH oxidase and generation of superoxide. In this study, the oxidative
metabolic status of blood monocyte and pulmonary alveolar macrophage in patients with
active pulmonary tuberculosis was accessed and compared with that of healthy control
subjects to know whether there was a basic difference in superoxide generation by
mononuclear cells between two groups.

Methods: Pulmonary  alveolar macrophage was purified after performing
BAL(bronchoalveolar lavage) through the bronchi of infected lesion by plastic adhesion
method. Blood monocyte was purified by Ficoll-Hypaque method. Superoxide generation by
blood monocyte and pulmonary alveolar macrophage was measured by ferricytochrome-C
reduction method after either stimulated with PMA(phorbol myristate acerate) or
non-stimulated states. We also measured the effect of pulmonary tuberculosis patient’s
serum on superoxide generation by monocyte.
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Results:

1) Generation of superoxide by alveolar macrophage obtained from patients with pulmonary
tuberculosis  was little higher than those of controls, and PMA enhanced the generation of
2) Generation of superoxide by blood monocyte obtained from patients with pulmonary
tuberculosis was little higher than those of control(p>0.05), and PMA more enhanced the
generation of superoxide in patientswith pulmonary tuberculosis than those in con-

trols(p<0.02).

3) Patient’s serum enhanced the generation of superoxide by blood monocyte obtained from
patients with pulmonary tuberculosis and controls, but not in the case of PMA stimulated

blood monocyte.

Conclusion: The present study suggest that the phenomenon of M.tuberculosis escape the

microbicidal action of macrophage was not result of suppressed superoxide generation by
blood monocyte and pulmonary alveolar macrophage, rather there might be a factor to
stimulate the generation of superoxide by blood monocyte in pulmonary tuberculosis patient
serum, but the comparision with effect of control’s serum on superoxide generation needs

further elucidation.

Key Words :

M =

AZHHANEE 5N 7)98kE B4 E(mo-
nocyte celD2 8 £3l=o] Hxo mgsls X
2, Aol tig NENY Hur Lo Za3t o
&S @t HE2Y HABL ofxy A3 WA
SRR, Aol AZYA ML g sy of
65 Foll T a7t Hatsol A Eo))4
ZiAEh 939 AEoAY HIwLo)
Aol AAHUEM AHE A A&
dAgukgo) Asl wi= “—H"“ﬂ_‘ﬁ g4dste 4
E D9E AR 5~15%= HAM oz wysi!
AL caseation necr051s—rf]1)r FolA B&
B71% i, = " HA 2% 10° vy o)t
2 AZNHAE el A3 47 2 &3

HEN M Eof| o) Ao Fo| AFEE FHAox=
TEE ¥ A2RE7), & superoxide anion(O:),
hydrogen peroxide(Hz02), hydroxyl radical(QOH )%
ol dasztry #ikslSo)(superoxide anion)& =
AL HTEe Bax gout wkgAol 7

hydrogen peroxide, hydroxyl radical $9] 33 &

w

o]
=
°

]\:l

lo fv 2o

il
B

K

°f

=
[+

Tuberculosis, Superoxide, Macrophage, Monocyte

g3 AEWAA YHE B o] MEea
#ulHof” 2487171 golahry,

ARG AybAFe] HAE A Zo] F3 Fofl =
BAA L] ol & 9y Yo Aalse e ANt
2 FEYAE TS BV & Ao Hx
HAARZAA A AL & 5 s HrsE] A
ol Hev 710 Aeg 24std, B WAy
Bate] ATRAME 9 By B4 T

THIEHE fAbabgol &0 %g HAleld) wm B
st
e W ey
Lo 4

A= A D )AAAEAH Y PAol A &
A FgoR e Aad BEA AEN8R 21y
o 2 670Uzt BF7) 247 AE 9lon v]ete
AN Ago] gl v FAR 1399 22 e Yo
23k A% 2EE HAYRTF] 274 B 63
A7 A 459+1824)F e o]F das} 8
F 27t 13% ol 22 L 31HRE 654713
(BAE RB1*+1724h9 v F27t 69 o=p7} 7



4 olirh
2. 7| BRI Z A H

1% lidocain® 2 FAwtFstell F A 78R4
ol &3t WA 71@= 9 7| FAXE FAsta, A
A4 FF XA dd el A 7| BE A oA
AHETLE $FFol AHAEA NN 7B AE
wedging A7) F A&t AL 37CE 1L
B QLA HEFE FANE o] 48t 13]¢] 30mL
£ FY% 7 FYsPed, ol& 73 HiRale &
210mL Al 35 @R HEA R 7
Aol Az A% 4T A9 siliconized glass
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7NHAHEAHHE 4Tl A 400gE 10837 ¥4
Eeldled Hdd MEEFE hank's balanced salt
solution(¢] 8} HBSS)2 2 A3 &t3z, HBSS Hix| ol
AL 57k 1310° cells/mL H =2 25 ARk o
A E £98 55mm plastic petri disholl 5mL*¥ &=
§ 37T, 5% CO; incubatorell A wjeFslsich 143k
F AFAE dojulo] v EFRAEE AAstn F
d HERANEE rubber-policemang o] &35t &
23 ¥ HBSSZ AE7} 1x10°celly/ml HEE g
¥ ¥, trypan blue exclusion test® # L oA A ¥ 9]
AEEE FA8A
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Heparin 22 224 9¥ 30 mLE % %< HBSS
iAo 3143k £ ficoll-hypaque & H(density 1.077
mg/mL) 1o ZA2HA FHAZ ¥, 400g8 308
7+ AR 2] G¥ A ¥ 2 (mononuclear cell) & &
g3ttt G AE R F-8 HBSS ME57} 1
10%cells/mL HE2 28 5 A XA AL} v}z
7FA W 0 2 plastic petri dishol F3HA4 269
AEe AAS L F2E ST A E(monocyte) S £
Ak AEE7} 1%10° cells/mL = =& FBSSel )
& AR
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Superoxide dismutase(SOD) inhibitable ferricyto-
chrome-C reduction '8 2.2 Z339 ) &, ferri-
cytochrome-C(30ng/mL) 50ul.¢} A MF =
A FTHE 5591 x10° cells/mL) 500 ulL&
AR =Y, §%-8 SOD(3ng/mL) 10ul.g Avlst
i a2 SODE H7istxl eatth 37°C, 5%
COz incubatorel] A 1417+ ¥l Y3 5 4T A Lol o] %
AlA 48 FEA AT 4T A 500g 2 1083 94
2 F 43 H-E& Ao} spectrophot/ormeterE o] &
gho] 550nm FFol A FFEE A4 SODo
o] A AshEol2 9 % & SOD7F Hrietw
ZHle] F3 =9 SOD7 H7HE Aele] 3% o)
£ extinction coefficient(2.1 X10'M'cm ) & L}3o]
@91 nmol/1x10° cells/hr2 BA St} 2342
= phobol myrystate acetate (PMA)2ug/ml) 750ul.
Ee AR A H0ulLE )&t

6. 834 2|

FA%H 24L& Student’s paired F-L unpa-
ired t- test2 A3t p gte] 0.05 °1&tE Ho=5
o7 &t

& o}

L 7| 2R HZM Y MZEE

NBAAZAH A9 FNTFE AARFA T
533+348x10/mLe] 2, AAWZETo] 196+081
X10/mLE HAZAHBAZNN F28HA ERehp<
0.05). o1 A+ THF HELSS HAYIRT
o] Ztz} 48+19 %, 2016 % & ET 19115%, 5.6
143%°1 vlis] F98A EAT(p<001) o=l
HERHAE R g ARAHFAT) 51+17 %,
tizo] 82+ 14% 2 HAHEATAA K5HA
ATHP<0.02). FAHTe WESL HZHNEAFo
21+13%, hETo] 27+15%% EASH o7t
AUATHPp>0.05)(Table. 1, Fig. 1).



Table 1. Cell Profiles of Bronchoalveolar Lavage

Fluid
Patient Control
Total Cell
Count( X 107/mL) 533348 1.96+0.81
Macrophage(%) 51 +17* 82+ 14
Lymphocyte(%6) 48419+ 19 + 15
Neutrophil(%) 204 16%x 56 + 43
Eosinophil(%6) 21+13 27+ 15
* p<0.01 vs normal control
™ p<0.02 vs normal control
100}- *
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Fig. 1. Characterization of the type of infalmma-

tory cells recovered through the BAL in
control and Thc group.
" means p<0.01 ™ : means p<0.02

2. HEZCHAMNZOA Yrtslg0l2 MY

ZIAGE S Bt gl MAS FHANHGET
HEToAAM Hlustded, 47 240£1.94 nM/1 X
10° cells/hr, 2.18+0.99 nM/1x10° cells/hr2 £4) 8}
# ztol 7k A THp>0.06)(Fig. 2). PMAZ # X ojj 2]
ALE A o HZAGEe] 29 15642910
nM/1x10°%ells/hr, ZF9] A<$ 1651 +9.25nM/1
x10%cells/hr2 2zt 7)Ao abslgo)l & wr}
FASA FHIR O, G F2 Abolo] shol= ¢l
ATHp>0.05)(Fig. 3).
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Fig. 2. Basal generation of superoxide by alveolar
macrophages from control and The group.
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Fig. 3. Superoxide generation by alveolar macro-
phage after stimulation with PMA in con-
trol and The group.
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Fig. 4. Generation of superoxide from the per-
ipheral blood monocytes in control and
The group.

1.89%1.41nM/1 X 10°cells/hro] & tjz o] 159+1.24
nM/1x10°ells/hr2 2tol7h YATHP>0.06)(Fig. 4).



PMAZ AF8E o H2AYEATe] H§ 4171112
nM/1 x10cells/hr, thZF¢] ¢ 345+7.34nM/1 %
10%ells/hr2 H £ A AT} wpR7tx 2 7] 4 el
HiztEol & AR KostA FrtEHAEY, #H
Ao 2FRY F&A = Hp<0.02)
(Fig. 6).
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Fig. 5. Generation of superoxide from monocytes

were increased after adding Tbc patient
serum in culture media both in control(@)
and Tbe group((D
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Fig. 6. Generation of superoxide from the stimul-

ated monocytes with PMA was higher in
the Tbe group((]). Addision of Thc pati-
ents serum didn’t increase the superoxide
release both in control(@) and Thc group
().
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ol 7t 27 she A27e R
HENH EN A Eu= = gibstgol e Fe
cytochrome-c reduction W o=
AYEAT Y in vivo FHE WG 2 $ Q=
PMA 2538 i3 Zoj7l 9101, PMAR 2}
SHE W= zlojgle] Tl BE Zrbetd)
old BHidM= AaFolA U E sulphatide, 25
KDa glycoprotein®] ]38} in vitrool| A} #}4t3}-&-o]-
BH7F oo Qo 199249 Jaswal S
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ol FALRFEVIE ZAYE Az EH
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A Eo A Hakslgol e 7 Bastes 7He 9
oM AFd 3 o] Adol 3 AXYAAE
48 A2 T = U B Aot ¢
o] PMA A=% #itslgol ¥ul7h gad 23
SRR R Frbehe ACE Kol HEUYAEY
Fitstgol 2 Bl 7ddE d¥e] glE = sk
ol¢}= 2] AXNAMES BA33 Had AT
o] 843}, 7HR] cytokine 5 AELH aAx I
gty 2 492 AXAEE 24359 in vitro
ol Ae] atslgol2 Rulg B3 Aolmg go
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o)A g Ui A E W Aoy Atk
FH B2HA ST A2 #abstS o) AL o
21 HZYTATAA Ao|7l SRR T PMAR
A5 P& de Rz AAd8AZ0A =%
31, PMA 2l gt A XA A2 tibzlgole A4
S7tET o AL FdHeex dxdd &
TAHES AAFE7] 4L T ER Y )
o|AL L2 IdFMEE HEAYAE) P
myeloperoxidase’} €At pHY AA B¢} 531 2
& Z2ae ol ovim dH Qo g
AYgATAME vhR7tA 2 HE )4 A Fol) v &)
DEYEY drgTo e safelr] Brrl 2o
HAEZRNAZ = B F T 2 HEshe e o2
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Aoz Agad®. o$r) Adgx gyes
T H2EY GTAZE AIAAL w) st
ol Z718t4l1, PMAR 2538 5 Aaaiz ¥4
FEAZE W Al T BT Ay
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FA =2 222l AL o8-8 ¢lo| phagosome®
lysosome®] §3tatE Ao Rol B4 Aa o] o
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