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The Changes of Serum Level of Tumor Necrosis Factor-Alpha,
Gamma-Interferon and Soluble-Intercellular Adhesion Molecule-1 Relating
to the Progression and Treatment of Patients with Pulmonary Tuberculosis

Myunghoon Kim, M.D., Joong Hyun Ahn, M.D., Hwa Sik Moon, M.D.,
Sung Hak Park, M.D., Jeong Sup Song, M.D.

Department of Internal Medicine, The Cathdlic University of Korea, College of Medicine, Seoul, Korea

Background : Pulmonary tuberculosis is one of the diseases characterized granuloma formation which was
controlled by cellular immune reactions. In the process of granulomatous changes, activated alveolar macro-
phages and T lymphocytes secrete many cytokines including interleukin-1 (IL-1), tumor necrosis factor-alpha
(TNF-@), interferon-gamma (IFN-y) which mediate inflammatory reactions. Intercelluar adhesion molecule-1
(ICAM-1) also known to major role player in inflammatory processes, and increased cellular expressions when
endothelial cell was stimulated by IL.-1, TNF and IFN.

Method : To evaluate relationships among cellular immune reactions and clinical stages, pulmonary tuberculo-
sis patients were classifed into three groups according to their clinical stages including minimal, moderate and
far advanced tuberculosis. TNF-q, IFN-7, sSICAM-1 (soluble form of ICAM-1) were measured at the time of
diagnosis and after 6-months anti-tuberculosis medications by radioimmuno assay or enzyme linked
immunosolvent assay.

Result : TNF-g, IFN-7, sSICAM-1 were singificantly increased in moderate and far advanced pulmonary tuber-
culosis patients but no meaningful changes in minimal staged patients. 6-months anti-tuberculosis medications
reduced serum sICAM-1 levels significantly, related to clinical improvement but no significnat changes were
found in the serum levels of TNF-aand IFN-7. In the point of correlations, positive ones revealed between TNF
-aand sICAM-1, also between IFN-y and sICAM-1 but no correlation between TNF-a and IFN-7.
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Conclusion : Measurement of serum sICAM-1 could be usuful parameter to evaluate the severity of pulmo-

nary tuberculosis and to monitor disease activities during anti-tuberculosis medications. (Tuberculosis and

Respiratory Diseases 1998, 45 : 1167-1177)
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YL Ao o5t JolFA Aoz, oy
SobE HA AEA B vhgo] Fo3 IS @
th & Solzel ¥4 FRol: BASY huMEs
CD4+ T J=Z37) 283 9&8 gdelol”, tumor
necrosis factor-alpha (TNF-a), gamma-interfer-
on (IFN-7), interleukin-6 (IL-6) 9] cytokine
& Bldke Aoz gt o)8@ cytokine
£ 27 2AA AN S8 488 k=, o
@ Aol Holl AU 4 HE M TS} 4
Tt} &F (vesicule) Woll AZE AT o]Zo] ly-
sosome} §3to] UEE AYFL a2 AFd|
APt e T AlErt 299 A ZE
8] IFN-y59] diME A3 A4S 2uja,
thx o] FAstel g lysosomedte] §ito]
oubA mlFW AP ZAE?, o] cytokine
E A interleukin-2 (IL-2)= B ¥=39 T
HET Z5oA 28 A% A2 288 I8L
3 "ot 84319 T J=7e F4719 T gz
A T ot interleukin-2 receptor (IL
-2R), transferrin, intercelluar adhesion molecule
-1 (ICAM-1) F9 39 FAA}Eo] Yepdohy, &
Age T 9=Z7& 71%7 cytokine?] &u] 530
2 Thl M=} ThZ A& oA Y 4 Qe
Thl ME= interleukin-2, IFN-7, lymphotoxin&
2H3te A Fkge] oiE Fxskw, Th2
AE+ interleukin-4 (IL-4), interleukin-5 (IL-
5), interleukin-10 (IL-10) T8 2u]3lod B Al
7} eiABHe Whg, 53] IgE A4 2 gu27) yhgo)
o FTh. T 9] ol3d F Az uhge Az A

% d¥o] glol, Thl MEA #2€ INF-y7} B
A7} 7 sk ¥e-& oiAIEka, Th2 MM &
2] IL-49} IL-102 A4 kg2 aA]7)=
Aoz <geiFch A ZEE dME=
interleukin-12 (IL-12)& #4u]3le], Th0 HEE
Thl A2 E3}E8 H=3k, Thl Ax=
interleukin-1 (IL-1), IFN-y5-& £4|3} t)4j4)
EE 843} A1, #4319 di4] M EE TNF-q
IL-1, superoxide&-& ¥u]dh=d] IL-13 TNF-q¢
+ WM X 2 ICAM-19] LHE 27}4
7, dg] FMEES] P A2 3 o5& 2%
o2 Ho| d5e 2E + AUk

Adyg ARekge AP APE $FNA Yol
Ue 7V 88 o] sjdoltt. &48tE T Hlxs}
HAHMEE TNF-o& 2ujshd Hed os E-
selectin, ICAM-1, vascular cell adhesion mole-
cule-1 (VCAM-1) F9] q2i712] Wiy 43 B3¢
Feldted, 93 MEEo] ¥ Yo A F3s 3t
£, E-selectin® 479 AL, ICAM-13
VCAM-1& 3o} o] G332 ujsfste], o]
€ 9% AEE] Agsld oF, FaA 59 ¥
BAsE R & €0 od X HA FHulukge
HF Z7lde £F ol 7]Hd E0] HA%, we
49 A4 B3 Yh3sh So1F WU 2kl
A,

WM Zq M FHE ICAM-1& gefxlo] Yo
oM #&E 4 UsHl, ol #Y £§ TNF-u}
IL-140 j8) S7hdcka go}®. Ay ICAM-1&
Y24 HA-312 (idiopathic pulmonary fibrosis,
IPF) oA 371 #F=ed?, ogg 37k
ICAM-1¢] #¥37} 7|Q1@ckn Bztgch, Azl
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AYoA oY AXA AGugd Bodd=
cytokine® thaH ¥olA Eulsl= TNF-q¢} Thl
AxoA Bv3R= INF-y= radioimmuno assay
(RIA)=Z, JgAxdd feldl sICAM-18 en-
zyme linked immunosolvent assay (ELISA)& &
e, olgo] A% ZFF(BE) T} #-o] AY&A,
T3 X5 dig g2 AgAol AEAE gotin
2+ st

chd S U
1.of &

1996\ 34 K€ 19973 64 71X 7HE Q) A=
wHeldA A A v FAAAE B33 IS
e st 2¥ef FA(HE, 713, 7, A
F 223 X-Aake] W] oA, vi=A] A
52 AA B A g HARIA Fdes g 9
7 Yoz Adsle], & A9 cidel EFAIHC
A= vl National Tuberculosis Association
(NTA) E5¥€ 71¢o2 7% (minimal), 553
(moderate), &% (far advanced) ZA#<] 37} J
doz EF3e 1 e
AS(WE) - 21 FFo] gl ¥dogA 0 H3e
go] A2EFT AF AR AM4FFe] S &
B A5FF] M oo §% v BH Hr} A2
2Y T F5 X-44 o) 2glol A =elA
g P B
ZSE(EE) | B W3lr)7} AER] FFEo
3, HEg 25 §3A Ayo] §F o AFH
o9, 9l o}t FstAY 7€ F-Eo] Ao,
2 A9 o] 3F o] 1/381} i, FFo] 9l
& W= 359 A% #ol 4cm o3RI Y-
SE(WE)  B¥0] F5% ooz 3EA FTF9
H7e] o] 4cm o<l A2 3AT

3 ZAYA & B4k Al $A94 28 34Y
oA 67HYFe] ThAl FHPAE AAEIAL, Y

Anele vnsg. dxFeas 4y 7%y
Zo] glordA X-44 Wio] gl AdAE AY
gLz

2. HA| zH|

ate} gzl A ¥HE 5ml At 308014
3 A F YAEE (10,0008, 20%) 8t 43
g Felated, At 70°CAX HARZIZA Ba@s)
Aok FAHg AlHE] A3 FAE 2N Al
U o, A 25ul otk FHT 47508 & TSt
204} 343t
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TNF-q9}] &3& AZFsld RIA kit (Amersham,
Amersham, UK.) 2 23 3l¥ict. 528 A
100 ¢ & Z}Zte] Algdgol] W3 1004 9] antise-
rum (rabbit anti-TNF-a serum) & YW1 &8-3] 4
& F, A2A 4ARE wigsie], ['#1] label®
TNF-a& $oI& ¥, TAl 24213 o] i o 2
2} 84 (magnetizable polymer”} coating® Don-
key anti-rabbit serum)& 250 ¢ A7)slo], e
oA 10837 ik o f¥4Ee (1500g, 10¥)
AA, Aade wglxn, A¥EHe HIe o,
gamma scintillation counter (Auto-gamma RIA,
United Technology, Hartford, CT, US.A.)2 60
X 7o) RAMRE AT ©] g BE B
ZAo] diulsle] TNF-e9 F=& 414 3% 1, INF
~-r2] &% oA} RIA kit (Amersham)& o]&3}o
U oz A1t

sICAM-1¢] &7 J¥3tg ELISA kit (Pa-
rameter, British Bio-technology Abingdon, U.K.)
8 AMslth. microtitre platedl], wlg] &wuld
Anti-sICAM-1HRP conjugate (sICAM-1¢]| tj3}t
antibody& Horseradish Peroxidaseo] conjuga-
tion) 100u¢ & Ztzte] welld] ¥, ¥F5< 49
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Fig. 1. Serum TNF-¢ concentrations in tubercu-
losis. Minimum detection dose was 3.0 pg
/ml. Significantly higher values of TNF-
a were noted in all stages of patients
with pulmonary tuberculosis than those
of controls (P<0.05*).
F.A. ; Far Advanced (n=26).

100 =z d2FE EFT 208 348 A%
1004 & Z42te] welld)] 372 9& £ & 4o}
Aok AoA 1417 3087 wjdstn, Hladion
A3e Age o, welllle) @& A3y e oa}
t}. ojojA kit ¥3HE  7]3 (tetramethylbenzi-
dine) & W1, A&oA 3083 o wiYE HA)Y
(stop solution)-& F7}8l%t}l. 450nm <] photome-
ter (Bickinetics Reader, Bio-Tek Instrument,
Frederick, MD, U.S.A.) & microtitre plate9] &3
=8 S33191, EREESYo s MY AR 5
T diulale] sICAM-19] =& 54T}

4. BAIX2|
ArEAR 9] AolE Yolry] 3k Kruskal-

Wallis Test (Chi-square approximation) & A3}
A3, 4B B A= Spearman correlation coeffi-

Fig. 2. Serum INF-y concentrations in pulmo-
nary tuberculosis. Significantly higher
values of IFN-ywere noted in moderate
and far advanced pulmonary tuberculo-
sis than those of controls (P<0.05*%)
Minimum detection dose was 0.03 [U/m)
(n=26).

cients& 7% 3], ol AFE T2y SAS
System (SAS Institute, Cary, NC, U.S.A.)& o]&
3le] Aalstsioh.

2 o

AYd I VA= 2F 209 (Y22 67 BY
) ole, 2 F dxks 184, dap= 29olge
], 259 HAAHL 44.54) (28-704]) r}. 14
ol sl FHHAE Agsisd, HeAA F 2
A RS 718 B 5709 49 (3409 0¢-6
Y 119)olct. 2Y AdFAle] TNF-o9] 5%
= WZFe] 1.33+0.95 pg/mlo|Yxn A¥YAA}Te
%] 751+6.43 pg/ml, £522 14.15+9.45
pg/ml, 2% 54.42+47.33 pg/mleg, R 7]
olA thzzell Hisl <= glA A53Act (Fig. 1).
aZAR 458 TNF-a2) £57 23 #xj9] 2+
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Fig. 3. Serum sICAM-1 concentrations in pa-
tients with pulmonary tuberculosis. Sig-
nificantly higher values were found in
moderate and far advanced pulmonary
tuberculosis patients than those of con-
trols (P<0.05*%). F.A.;Far Advanced
(n=26).

7] Zelle A2 Fo¥ 2ol RojA&= stk IFN
-7 tZFo] 0.09+0.11 IU/ml ZRPAZ = 7=
0] 0.25+0.20 IU/ml, $%5%0] 0.49+0.37 IU/m],
F%0] 0.48+0.37 IU/ml2 &2Hs5]o] 252 e}
% BRI QuigiAl e e 2o g
(Fig. 2).

¥ ELISAZ 24% sICAM-1& gz=3o] 1.
83+0.85 ng/mlojflx, ZAY FAZYXE ZHZo)
2.56 £0.61 ng/ml, 2520] 3.72+0.94 ng/ml, =
%] 7397} 7.46+4.38 ng/ml2 7 ZA=o] 3
TR 339 AolMTl oA A e B
# 3t (Fig. 3).

TNF-gq, INF-7, sICAM-1E¢] Z}z}9] d@ B4
€ 493 d, TNF-a9} sICAM-14}olo= §-9)%
48 BAHP<0.01) Uz, INF-ye} sSICAM-1
S} Aloll= o3 AABAZHP<0.01) FEHY
t} (Fig. 4), (Fig. 5). ¥tdio} TNF-a9} INF-yA}

Fig. 4. Correlation of circulating soluble [CAM-
1 values to serum TNF-a values in pa-
tients with pulmonary tuberculosis.
There was significant positive correla-
tions between soluble ICAM-1 and
serum TNF-a (P<0.05) (r=0.31).

oldle obf-d A# BAZL (P>0.16) BAHR) @
%+ (Fig. 6). 2L Askn 67§49 gA%A)
E-8F A% 3274l 9= TNF-q, INF-y& &
o Al #aEA gttt a4y sICAM-19)
2323 559 BAIME 7.46 £4.38 ng/mloj
A] 5.2113.53 ng/mla 2413 2l AAARHP
>0.05) Z4&7 BEHUT, FF5E0 Y Fxpo)
Mt 3.72+0.94 ng/mldlA 2.43+0.97 ng/ml=
450l §Adesx fo¥ 748 HYP(P<O.
05) (Fig. 7).

I %

Aoe seldate) AFRS 1%04 BAsE v
3 EY Agolry”. TiF} 19804 B4 olFz
¥24 WY ZUZ(AIDS) $3b7} EolhaAl o
F5& Wi =3t A7AE S8R AIDS 8%
ol 22%-243% 14 F¥o] FRVTT D ale], &
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Fig. 5. Correlation of soluble ICAM-1 values to
serum INF-yvalues in patients with pul-
monary  tuberculosis.  There  was
significalt positive correlations between
soluble-ICAM-1 and INF-y levels. (P<
0.05) (r=0.48).

gualel A #eid AIDS #abh 200%& gL',
2 B} Bolrke FAYE s 2¥e] A
He A% 2P 2AgHoR YL KolFA
Qzukg-o 2 st Aslel 23 FAE FiEhs
g E Q) BAAPo|tt. oF folFe BTl A
$o] A9 Wazd 274 & F ARl ¥
A EI} Bolm, thaME Rt T4 A
Z7 o] we}, fEge lysosomal &, IS
B, 24 o9 54, AEEAEAE] FAZFHY &
e FAse A=Y, o RE HAo]
Thl ME7} Bojshs WA QA Rkl o3
o]2o]Ar}. Thl AN®: IL-2, INF-7, lympho-
toxing Bujskd, IL-2, IL-5, IL-6, IL-105& &
Hjsh= Th2 M=ot 7dsled, 53] CDA+T AE
= IL-2, INF-y&u|2le} #¥g%(proinflammato-
ry) cytokine?l IL-1, TNF-o& ¥ujsle Z¥Hl
g whg-g ZEZAITHY, ol2i% AT HF T
A A4 Fuekgo e F719) cytokineEol 8.

Fig. 6. Correlation of serum TNF-a values to
serum INF-y values in tuberculosis.
There was no significant correlations be-
tween two groups (P>0.05).

& dgg gdshetl, shvks TNF-eol2 O 3

= INF-yolt}. o]#}&t cytokineE-2 ot Uit %
% oF, MF 74 Ze 2Y FAAUE B e
Rog geAHG.

A8 7ol ME A5 lipoarabinomanan (LAM)
3} protein pepti-doglycan complext thajHZ
w3l oA TNF-e2viet mRNA9 F#& {83t
=go, gyuct daA R fEsEs Fol o
Be-e, G TAHAAGA, AN 7} GdFRo
o 532 Mo v|5o] Fujge ARl ER
mRNA S ¥ #43 AYW ope}, AYY F%
G M= Z7}gcHY. o|2jF mRNA ] ¥ fof
ZU)o] FHGNE, AGME, PZPolA TNF-a9
mRNA A&z A% £ Y3, o|FA 248 TNF
o= TR, hAAE, WIAE, dREAEe] £
58e ZAAUHY, £ TNF-o= $o13 343
A #do| 2ol TNF-aoll tidt g7} SobFe]
o} =7] 283 ARG AT £H& BA3) i Al
7le AFE .
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Fig. 7. Consecutive measurement of sICAM-1 dur-
ing anti-tuberculosis chemotherapy. sSICAM
-1 concentratons were reduced significantly
after 6 months of anti-tuberculosis medica-
tion in moderate pulmonary tuberculosis pa-
tients (P<0.05*). Mod Tbe ; Moderate Tu-
berculosis, (n=4) F.A. ; Far Advanced (P
>0.05), (n=5).

INF-y+= 40,000-70,000 Dalton®] $7j¢] o]y
geuda 745 gled, Thl A2rt 43
WM ER 3loig IIE-g FAG3iAIste, ti4jAl
Xo| FisE ®ola, MERAY T Hjcin 4
Zct. 53] TNF-a8} INF-y & AAZEE o 2H
FAaHo 2 IFEE FARIY YT AAE FI4A
Lo, & AHAME T oo AF ZYo
TNF-a%} INF-77} 9] A 4% 3988 ¢ &
k. A 671¥e] 2Y A& Fo AAY F
AN E, A8 G YT ZHAE £
83, TNF-a8} INF-r9] 9jol3ie 48 82 ¢
FE o

e Fo4e 95 AL ANEA & F
deH, 23 PeFo2 45 YITE FHo23
€ 9% At 48X 23 o2 J{H Uehes
U9 ¥hgolzt B Aot o] APE AlEd}o

B, 4SMES ¥ WM Ezke] $3, gaye
B UeE £3&, 9% F9=29 AXolF, Alxg
A3, ME-AEZLY wrgo s FEY F U, o
B¥ 2E WAlel ME-ME, AX-7]7 7t 34
AE BAY faHEAte] H¥d o8 z¥gcin &
T A, AFugolA WHe P WM EZ
B2 Yol M¥e] 23 J)HTte 327, d9
WellAl Edtog o5&, T PI79 3¢ Sol
Q1x] &A1, T Y=F2] 25 7)A (effector mecha-
nism) 9] 25, MEAM HF A9 fa A,
AE FHe AT 2HFE 25 §3 B2t 23
A "ok, ofegt MEZe] ALole 4 MY B
Hoj| EAjsh= iRt (ligand) 7} 1ol ME7re] -3
€ o]® Fu38 k=t lymphocyte function-asso-
ciated antigen-1 (LFA-1), Mac-1, p150%o] o
7lel &dick. agn fARAAE A UM FH
(family) 2 F-83lo] immunoglobulin supergene
family, integrin family, selectin family 2 &
E‘_ZZ).

ICAM-12 immunoglobulin supergene¢] %
o2 571¢] extracelluar domaine.& A5} Q=
), Ztz}te] immunoglobulin domaing& 90-1007)2)
ofp|icito g o]Foj2igln 7 domaing disulfide
2o g dAsol). ol&igt ICAM-12 TNF-g,
INF-y, IL-29] 2159 o8iA AHx, WoAdx,
AfFrRAEA B4Ect. E-seletino] Hma %7
of ddgoz Jepl=d widle, ICAM-13
VCAM-1& Mi2¢ 2 98 daa 3o vlay
A JeltA ZARE fAE7] g, SR
HEFAA 98E s Aom AA4dc®. §y
ICAM-2& Jigd2elA R4 oe =T, 93
A cytokined] JdlME fEEA oM WP
o] FAdde] Win ME g FAg3cin ddd
o, ICAM-1& g=F#9] ligand?l LFA-1¢}
ICAM-1/LFA-1 ¥rg-02 <3l Jx77} WA
¥ & upr 4FFA7A olFdhe A& AT
Aoz AHFH®® HIole £57% ICAM-1
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7 Aol Yrhe BRIl IR FHD. ol
ICAM-1& 34 H4dA = Bas=d Fo] nlit
A¥} Th2 gz =%=H, TNF-¢ IL-3, IL-
4, IL-5 granulocyte/monocyte colony-stimulat-
ing factor (GM-CSF) % oj&i7pA] oi7jEAE0]
Bujg3, ol7 uiAiAEe] 7] WHNEAA E
-seletin, ICAM-1, VCAM-12] ¥38& F7HA7]=
Aoz PAFAL?. ICAM-1& o] FAHFZHo}
Yzt ujAgt §o13g A8k TEESY 753
(sarcoidosis) A& Z713lod, B|BEA $8F 84
U A4 dizeic 85719 555 dAXdAAE
oA ICAM-19] E&o] Z718A & 28T AN
t}, ojule] fWAIA-F3}3 (idiopathic pulmonary
fibrosis), 7FetAb7)H (Kawasaki disease), ZHAIA
Zury RIZA(SLE), Aol HBF, H¥F &
(septic shock) FollA] ICAM-129] <o) THAE7]
T - EE ICAM-1& rhinoviruse] 4=8-3
2 Agarkn LeAsE Aok

H|2 E-seletin, ICAM-1, VCAM-10] A|¥u}o}
Bol = gaolx|nl, I BHid ojahd Azt
o] 849 ICAM-10] EA3l, 952 A
T e} 1 e ¥} FukdEthe Zlo] g3
ohil FoPS, Q¥ FHA gl g A

& uuz F g oz, 435 cytokined:
7 Az} 84 (growth factor receptor) £ojl
£3 BExE A MEHEAEAA FEsn k. o
23 784 FEEAle] 98 cytokineEel 23
F28 ¥¥ Zvld g 313 272 (down regula-
tion) 7)dez 4T, AES A HYH2
2 A3dte] AEe {3 M= AR A74d
e, £F A9 fraHERle] dF= cytokinedt
$AHE 7152 7113 9o, 44 E-seletine] 313t
4853 (chemoattractant) 8] 9&& 3}7|= 3o},

¥ A¥e Shijubo &2 d¥dlA} o] SICAM-
19] 57} ge) DYRHE) w2} Zolg HYT®,
o] Fuo] webd 1 ASEE Leltt] BaEy
th. E3 SICAM-1& A5 7Azlo] uebr 1 Fre

$o18 228 BYoeH Ay VYHE ¥ ohje}
ARATE PR FsAE YAl olgd
4 Aoz Yzgct

8 %

AT Hiy
A28 SN ol = E3pA LAEh= Ao
2 A XA ofF] folFol FAEY, o] Y
olA tAlM £} Bu]8k= tumor necrosis factor-
alpha (TNF-a), Thl M|®7} A3 gamma-In-
(INF-), W= A¥/t gdshe=
intercelluar adhesion molecule-1 (ICAM-1)0¢] &
83 93 Aol A=A
g B
ARree Zue) A% (ER)H oleid A5 ¥
o] vt gotuy] 9lEte, Bale AL fHs
o] TNF-q, INF-y& radioimmuno assay(RIA) 2,
ICAM-10] gHo 2 {28 FeiQl sICAM-1& en-
zyme linked immunosolvent assay (ELISA)& z+
Z A8k =% 318 9ol ukE W3E W)
A8 XE AFF 6709 AN Al F:H AR
s
# 3
TNF-@ INF-y, sICAM-12 £5%3 $3o| A4
dixe ou] JA VIR, BFAME <97t ¢l
ok 67097tel Y AgFE, sICAM-12 U4
7] FRkete nide Z4E BYAT, TNF-q
INF-ydl e Ziae AAAT g9 ¢l
Acth.
g B8
£ A 23 2¥9 A A9 uirjaYol= TNF-a
¢} INF-y7} 0§ a3 J%e 3y, 2 g =
7t Ae] Wyl wet A8LE Bol e #F
3l8r}t. ICAM-12 TNF-a9} INF-y =9} ulg
o) sICAM-10] Zv}stgia, ddel wWrio) weh
Fxe] aolrt ULY ol XBHIA nvlEsto

terferon
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TENME o, T 548 Uehie R g
AR Z3E vehle AAz2A 9 7150l & Ao
2 Aztgr.
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