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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
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Sung Hak Park, M.D., Jeong Sup Song, M.D,
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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
endothehal 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-¢ IFN-7, sICAM-1 (soluble form of ICAM-1) were measured at the time of
diagnosis and after 6-months anti-tuberculosis medications by radioimmuno assay or emzyme linked
immunosolvent assay.

Result ; TNF-¢, IFN-7, SICAM-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-cand IFN-7. In the point of correlations, positive ones revealed between TNF
~a and sICAM-1, also between IFN-y and sSICAM-1 but no correlation between TNF-@ and IFN-y.

— 1167 —



— M.H Kim, et al —

Conclusion : Measurement of serum sICAM-1 could be usuful parameter ic evaluate the severity of pulmo-

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

Respiratory Diseases 1398, 45 © 1167-1177)
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< 2 oF KolgA Aoz, ol
FobE Ao XA EY wkgo] F83F HEL
th & SobFel FA HAAole Bsid Mz}
CD4+ T F=Z37t F28 A8 933", tumor
necrosis factor-alpha (TNF-@), gamma-interfer-
on (IFN-y), interleukin-6 (IL-6) %¢] cytokine
& EHlgke Aog gAA. of2¥ cytokine
ES Z2Yg ZARAAA F23 A¥E k=, ¢
& Aol Fof FAstE A4 HAE M Es} 4

fate] A% (vesicule) o)l AAE AT o)A ly-

sosome®} §¥o] AHE AUFE 2R A Fu o]
AEST v T A2 s didHEE R
stod IFN-y52] ML 843 AAE Bular,
x| &gdstet 7 lysosomente] §go]
ofubA] ulRU A¥go] FAED?. o]A cytokine
E Z9A interleukin-2 (IL-2)= B @=3¢} T
HET 2R A AP A2 59 e
A€ok 8A4stE T =3:= Far]9 T =7
M= BEER] 43k9 interleukin-2 receptor (IL
-2R}, transferrin, intercelluar adhesion molecule
-1 (ICAM-1) 59 ¥¥ HAAE] Yepdu}®, &
48k T JZFE 7183 cytokines] £v] F3o
2 Thl A|¥s} ThZ AE2 o] vE 4 e
Thl A)|¥3= interleukin-2, IFN-y, lymphotoxin&
welete) AdAd AR vilE EFRska, Th2
MEE interleukin-4 (IL-4), interleukin-5 (IL-
5), interleukin-10 (IL-10) $& Z4]5ld B A¥X
7} viAishe g, 53] IgE A4 9 gelar] vkg
#od Gk, ol9-7] olejgt F AEe] whe-g Az A

3 o] o], Thl AMEAA K8 INF-y7} B
AE7} o7l ke ¥he-& AAIska, Th2 AN #
¥ IL-49} [L-108 94 A7Ne-& JAA 7=
Aoz L. ZY¥Fd HEgd diaMEs
interleukin-12 (IL-12)& Xu]sled, Th0 HEZE
Thl Ax=2 £3& Hxsix, Thl Axs
interleukin-1 (IL-1), IFN-y%-& Bu[sle] tjaly
EE BA3 A0, 84818 4] MEE TNF-q
IL-1, superoxideS-& ¥u|dk=d] IL-13} TNF-¢
= oAz 42232 ICAM-19] ZHE =714
7, o8] GEHEEe] T A o oj5L A
o2 #e d4FE 4T & U

A3 HRle-2 Aol ZgE £F0A Yol
Vs 7HE 383 wof 7)dolnt. EA4stE T Axe)
AN EE TNF-o& ¥ujsA sed os E-
selectin, ICAM-1, vascular cell adhesion mole-
cule-1 (VCAM-1) 59} oJgi7ix] iy -3 828
Feldted, 945 MESe] 8 8o gA F&sH 3
=6, E-selectin® FATe] AL, ICAM-13
VCAM-1& g#|79} gxFo] {2hg wj7jsle], o
5 9% MAXEo ALl olF, TaFL TY 2
gA31E 74 314 80, old NIdg Avlukee
qF 7ol &5 Pl 7144 =g HAT, vHE
2 AL A ARl KolF g4 2
Hop,

Yo 2diA] 18" ICAM-1& g0 gy
AA B & e, o 3R £3 TNF-out
IL-140 9J8 Zobdoia @, gy ICAM-12
AdrAl A-§3= (idiopathic pulmonary fibrosis,
IPF) SolA ZF7i7k BEEEH?, o8 Fvkes
ICAM-19] B8Z7o] 7Qleda A4t Aae
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Ao olgdt AMEA AN Hdse=
cytokineZ th4AEA Eu|gl= TNF-e¢ Thl
H¥EoA EH]E= INF-y&= radioimmuno assay
(RIAYZ, WaAEdA feld sICAM-18& en-
zyme linked immunosolvent assay (ELISA)Z &
oted, ojFo] Ade] A (§E) 2 Fdo] JYeA,
EF X5 i W A@Ago| AR E Fotru
A st

.o &

1996 39 HE 1997 69 742 7HEeo An
HdA] g A wta A 223 B2
ez stk Zde] FH(m4g, 713, 7, Al
F )T X-4739] o] glowA, vtEA] Ay
B2 A B A g AN Fgog U b
gh Zgow s, & AT diide] E3AH
&A= W)= National Tuberculosis Association
(NTA) E74¥& 7I1€28 %3 (minimal), 5%
(moderate), % (far advanced) Z39] 37] 2
oz EFRsAet 1 e
BE(WE) A1 FFol Qs yHozA 1 AFe
o] A2FE A FARFY A4FFy S
T A5FF AN ojie & o] Wy Hr) Ze
Y Ex F5 X-A4 ol 27gl0] A ko)A
o A B
SEE(PHE) | B9 D7t B3EA F550]
, WS BT 37 wAo] 3% Heo] Wny 7
u

wael gol 8% 9l 1/3n0h 41, 35l 9l
& W 59 H79] Fol dem ol3hl B
SE(BE) W0l F5E oldoz 28X TE
479] o] dem o3 A9 ATk

& AUAE %43 BAE FAUA 28 34Y
A4 6AUF Tl FAALE ANSET, Wy

AeE vasisch dEZez: Auel s|gels)
Zogol glowin X-44 Wule] gl AUAE dY

3.

8

o>

1 & QAEe (10,000g, 20%) st 4

& Best, g3t 70CoHAM HARZ7EA] Bas)
Ak ZAAE AlEdsh] f3l BAE Gl aEAl
o, HA 25wl otk FFF 4758 & Y8l

sl dzzolH FAe Sml ATl 308o]

0 ol)]n

O

TNF-a9] £42 4#3l¥ RIA kit (Amersham,
Amersham, UK.) 2 &4 st Y RA3 74
1008 & Z¥Zte] AETo] Ya 100u¢ o antise-
rum (rabbit anti-TNF-a serum)& Y3 %3] 4
& F, AeoA 4x7t wikste, ['#1] label®
TNF-o& 9o ¥, oAl 244120 o] g o 2
2} 34 (magnetizable polymer7} coating® Don-
key anti-rabbit serum)& 250 uf #Hrlslod, 4L
oA} 1087 wikst o d4lie] (1500g, 10+2)
AA, 9L Wy, AEEHE A% o,
gamma scintillation counter (Auto-gamma RIA,
United Technology, Hartford, CT, US.A.)& 60
Z 7re] MAMARE FAsA o #& ¥FE =
o] dinjgte] TNF-eol =& 423 8L, INF
-yo] &3 HA] RIA kit (Amersham)& o] &3}
TYE o g AlET

sICAM-19] £3& A&ste ELISA kit (Pa-
rameter, British Bio-technology Abingdon, U.K.)
£ x}4319t). microtitre plated)], m|g] &vj"
Anti-sICAM-1HRP conjugate (sICAM-19] 3t
antibody2 Horseradish Peroxidase©l] conjuga-
tion) 100l & Z}7te] welld] B2, E&3%k {9
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Fig. 1. Serum TNF-g@ concentrations in tubercu-
losis. Minimum detection dose was 3.0 pg
/ml, Significantly higher values of TNF-~
o were noted in all stages of patients
with pulmonary tuberculosis than those
of controls (P<0.05%).
F.A. ; Far Advanced (n=26).

1008 F== diR2Tg X 208 s4E A
1000 & 2o welldll 3712 W& & 2 4o 3
Ak, d2A 1A 3087 wiksln, MHGeR
AHE AP o, welltle] g MR g oel
th. o]oJA kite] E&H ]2 (tetramethylbenzi-
dine) & ¥3, A2d4 30837 o HYFE FAY
{(stop solution)-& F7151c}. 450nm 2] photome-
ter (Biokinetics Reader, Bio-Tek Instrument,
Frederick, MD, U.S.A.) & microtitre plate®] &%
=& FRNAL, EEEgAos WYY BF FE
Z4o) julsted sICAM-19] $58 BU3HgcH

4. BA%|2]
AAEAR Y] xpolE Yolrrl 9lste]  Kruskal-

Wallis Test (Chi-square approximation) & A3}

Q3, 4B AA L= 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 IU/mi
(n=26).

clents& 7% =4, ol ZHE T3 SAS
System (SAS Institute, Cary, NC, US.A.) & o]&
3t Hejstant.

2 1

Ao e $A= BE 209 (2T 69 EX
) olla, 1 F gRk= 181, ozl 27olgle
o, 259 HydAde 44.54 (28-704) frt. 14
o)) dis) FAHPAE AP, AeAt £ &
AR ) 717k e 54 49 (34E 04-6
AY 11g)elich. 2 JaFA9 TNF-a9] 3=
= z7o] 1.33+0.95 pg/mlolela AY{AFS
AZo] 751+643 pg/ml, 252 14.15+9.45
pg/ml, 3L 544244733 pg/mlo g, BE 7|
ol A dizgtel] uls] <juiiAl dssidet (Fig. 1).
A s TNF-a 5571 29 8xpe 2k 3
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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] e MR g 2ol& BolAe it IFN
-re t&de] 0.09£0.11 IU/ml 2¥8AF Z 2S5
o} 0.25+0.20 IU/ml, £%%0°) 0.49 +£0.37 1U/ml,
FZo] 048+0.37 IU/ml2 2450 53 8A9}
2% A A e @E BHo FUY
(Fig. 2).

38 ELISAZ £%3% sICAM-1& dizFo] 1.
83+0.85 ng/mlo|lz, A AT ME HZFo]
2.56+0.61 ng/ml, £5%0°] 3.72+0.94 ng/m}, &
Z9] 7397} 7.46 +4.38 ng/ml2 742 FAo] F
TEYE 559 AlAw eI A5 siieE &
Z 3} (Fig. 3).

TNF-q, INF-y, sICAM-15¢] z}7zte] Azt A
£ AEd, TNF-e9 sICAM-1Alolols §9J3k
243 BAZHP<0.01) A1, INF-79} sICAM-1
s} Aolol= fojdt FFBAZHP<0.01) FAHA
o} (Fig. 4), (Fig. 5). ¥tAd] TNF-a9} INF-yA}

$ICAM-1 (ng/ml)
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L ]
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Fig. 4. Correlation of circulating soluble ICAM-
1 values to serum TNF-g 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).

ojolli= o} Arg WAZF (P>0.16) #AFHA &
ot} (Fig. 6). 28g Aasti 67192 F2HA
Bog AAG 344 Ao TNF-a, INF-r& &
o)k 7Aa7l BERHA FUrh. 2¥d sICAM-19]
2347 220 FAME 7.46 £4.38 ng/mld]
A} 5214353 ng/mlE 413 2o AP
>0.05) Zart BRSNS, F] BY Sk
A 3.72+0.94 ng/mlojA] 2.43+0.97 ng/mlE
zA5o] BAHeces R’ Z4aE EATH(P<O.
05) (Fig. 7).

n #

Zse Seite) A= 1% 014 BRHE vm
3 E@ AoV, T} 19804 FW oF2
534 W 292 (ADS) BA7} FolbEA o
ZEg Wl 9och. ATAS o5k AIDS B4
o) 22%-24.3% o)A Ato] FuHGTIR V3o, S

- 1171 —



— M.H Kim, et al —

SICAM-1 (ngfmi)

v : i T T T T
[ 1 2 3 4 5 ] 7
INF-gamma (1U/ml)

Fig. 5. Correlation of soluble ICAM-1 values to
serum [NF-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).

gludollA gelgl AIDS g2/} 2008 Y,
HZ At wolrke AUS AR Al 4
4e A& F7h 2AgHos YL [olgA
FFUEoz st AR3lel 27 BAg FRkske
HEHQL s Agolct. of2jgh folEe YiTe] 3
o] B4 HeRA LANA & F U%o], B
Az Zolm, dAME Y57 X4 FAHA
A go wel, feldE lysosomal &4, s
E, 34 99 a4, AEEHEFE] SR &
4& FAEHY AU, olEF RE IFo]
Thl AZ7} Befele o4 ADA ANl o3
olgojzic}t, Thl AxEy: [1-2, INF-y, lympho-
toxin& #vjgte], IL-2, IL-5, IL-6, IL-105%-& &
Hjgk= Th2 Al¥9t dded], 53] CD4+T A=
 IL-2, INF-y¥u]9jo] #¥9% (proinflammato-
ry) cytokine$! IL-1, TNF-o& Bulste] 28|
gk W8 FEAIZICHY, o]} o] iR ¢
4 AQA AIgeME T cytokineEo] Fa

aso
gsoo— .
3 250
-3
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Fig. 6. Correlation of serum TNF-q values to
serum INF-y wvalues in tuberculosis.
There was no significant correlations be-
tween two groups (P>0.05).

& A&g gshedl, shhe TNF-eolz 4& sh
£ INF-yolt}t. o]2}@ cytokineE2 ot 8E, &
g, 3 AF T4 22 FY A= FHo| AUs
Rog g,

A#Fe] NE A8 lipoarabinomanan (LAM)
3} protein pepti-doglycan complexi tj&Al ¥y}
a4 TNF-g&4Hjol mRNAS] 38 {43
%, gelrag dayEeds fdEe o] o
282, AT EAFHHNA, 27} G¥TH}
o ZAQl Aol ¥|go] Fuja ApdelcH?. EF
mRNA<] X8 H4d A ople}, 284 F
gl M= Z71H?. o]aidt mRNAS EEE 8o}
o] RYGAE, ANME, JETA TNF-a¢)
mRNA FA&z 34T 4 da, o|A #ul¥ TNF
-o= T, dAME, WS E, 422 ¥4
FEe AN, BF TNF-a= $01F 849
HH weo] glo] TNF-eof] st A7} Solde] 5
o} 37] a8ln JEY AEY] £3E A3 Fa Al
7= g Fgoie.

.,..
®
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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-7& 40,000-70,000 Dalton2] F7j9] o|&
gede FAEol dedl, Thl A7t Bl
HANER stedg AIEES AAsHA S, A
Fo| Adleg wolu, AEAHd e Hofivia de
ot 53] TNF-as} INF-y = 2AZ 5L Foan
F2Ho2 AFEE AAst 29T AAE FIA
ek, B AoMes S5 okl A% A¥dA
TNF-a¢} INF-y7} o9 A 4% 3tse & +
At 2FAL 67449 23 X8 Fol LA F
AN, A gl e g sddx B
8, TNF-go} INF-79] 2eigle #4E 9% 8
e /it

FAEAY FaAe 959 HH e AHEE ¢ &
e, 23 HelHog 45 WET-E F4AoRs)
£ 9% At oM 22 FeEo] Yeh=
dd) whgoje} Aot o o] HFE HEd

WY, GSAES 9B WINEDS 3, G
S7 Yot #2, 9% Pelzel ArolE, Axe
B4, AE-AEL Wgo R TEY 4 9, o

Aoz ol5EF7, T gx7e gd 5ol
1% &1, T @itrel 2% 7|14 (effector mecha-
nism) ¢} A=, AEAAM FF A /2] A,
AE 49 AFH 2ETE BF #3 #Ah 24
A ok, ojeigt M) AiellE ¢F AE &
Wl EA5hs YA (ligand) 7} Yol MlEte] 47
£ ©j® #F13] =9 lymphocyte function-asso-
ciated antigen-1 (LFA-1), Mac-1, pl50%°] o
ol @itk d2la 4AEAE A 3 B
(family) 2 83} immunoglobulin supergene
family, integrin family, selectin family & &
o,

ICAM-1& immunoglobulin supergene2] 4%
© 2 5719] extracelluar domain® 2 FAE] Q=
o, Ztz+e} immunoglobulin domaing 90-1007}¢)
olu|izito 2 o]FojHd Zb domaing- disulfide
Aoz AZFo of2F ICAM-12 TNF-q
INF-y, IL-29] &5l 2sfiA] AojMdE, WojAE,
AfEA e B9t E-seletino] wima %)
o dagezr uyehpted Hlsid, ICAM-13
VCAM-1& Agg o A4e a3 3he] vluy
A UehdA A fAES] i, SRR
B EZN 9EE e Ao AP, ¥
ICAM-2& WoM oA Add oz 8+, 95
A cytokinee] ¢jsire fEEA] FFoan WHT
o] Faateie] W) AE A vt B
o, ICAM-1& #=F9] ligandql LFA-1$}
ICAM-1/LFA-1 ¥kgog QIgte) 771 Yula
22 wehd 4FFI7A olwste A& FAANIIE
Aoz FeFUP® J2dE 55FE ICAM-1
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3 Age] Svhe Bl = . ol
ICAM-12 §4 HyoMe Baseg ggo] nlgt
A EL Th2 YZo =259, TNF-¢ IL-3, IL~
4, IL-5 granulocyte/monocyte colony-stimulat-
ing factor (GM-CSF) % oe{/lA] /&4 5]
B, olH§ diyiHEol 718 WHAENAM E
-seletin, ICAM-1, VCAM-19] 38& /7=
Ao g ARHAY™, ICAM-1& ol FAHZHe}
ek B KolF g BN TAEE 8
{sarcoidosis) XM= Z7Iete, Hl@FAE $5F &4
v B diaxeec 85709 555 dXdgaAE
oA ICAM-12] B¥o] £7197¢ BEES U
g2, olurell HAAd-7-315 (idiopathic pulmonary
fibrosis), 7FbAM7|H (Kawasaki disease), RAAA
9 FFE2(SLE), Mol #H¥E, YT &
(septic shock) SolA] ICAM-19] Al&o] $EE 7]
T g3 w8k [CAM-12 rhinovirus®] 3-8
2 A gAris ok

H]Z E-seletin, [CAM-1, VCAM-10} Aj¥atd)
ol 9l Jodolxinl, HE Hite] ofshH Algte]
ahdlell 8-4de] ICAM-10] EAl8}2, dF9 A
Zo ulg} 1 Fro| Wt FHEvk: Fol gEd
i Sops e, A x Bl Yuldo] ggdls A
2 7 4R 4o, 4359 cytokineE
3} 4391z} 487 (growth factor receptor) 2]
2 BAE 9A] AlERHA fesE Jun. of
2 84 FAEAY] 9% cytokineEol s
F=¥ 38 Ul g 87 =3 (down regula-
tion) 71Meg E4E%, Nx9 AYPYT Yo
2 Agste] AE9 f3& 2% Aor ARE
o}, g 8o faHEAle] YFE= cytokinedt
AR 71%5-& 7HAIE 9lol, 464 E-seletino] 3}st
454 (chemoattractant) 2] 9E& 3}7|x% FH}»,

£ 4% Shijubo £2] A} go] sSICAM-
19} 5ot Ao ARz ujel xo]& YR,
e Amd gty 1 AeEg gl #AHU
o} T% sICAM-12 X877 wetd 2 59

fol8 248 nYlo2m DPe] FYRE B ohis)
ARATNE FAASE AR YIN ol8F
+ ggAoz Azerh.

8 %

amalll P

A e fEjveiollA] oAz E3M LAk dgho
2 AEHARA] o8] folFo] FA=T, o] 4y
o4} tAMZ7t BYl3HE tumor necrosis factor-
alpha (TNF-@), Thl M27} ¥48k= gamma-In-
(INF-p), W9 Ax7t  Fdshe=
intercelluar adhesion molecule-1 (ICAM-1)¢] =
23 985 TRlolzka FAEHAC.

g oY

AL Ade] BF(FE )T ol E2E0 By
ol AETHE Botuy] 9], Bte] EHE s}
o} TNF-g, INF-y& radioimmuno assay(RIA)®,
ICAM-1°] d9o 2 fel8 ¥l sICAM-18 en-
zyme linked immunosolvent assay (ELISA)= #
Z+ Ak we 3lE a¥d] W dslE g7l
A8l Ag AFE 6719 AACAM oA 28
st

4 o

TNF-¢, INF-7, sICAM-1& 523 239 2%
e oul A B, AddMe drt @l
Aok, 6/M9zte] F2¥ AgF, sICAM-1& 44
Aol Fukste ejnQle ZAE BAAY, TNF-q
INF-yoll e Z2es QAT g9g& ¢
At

4 &:

2 Ay As 2499 Az 899 g TNF-a
9} INF-y7} w9 8¢ 48e 3, 2 v =
7t AW o] yrld uet A4S gol e 837
algct. ICAM-18 TNF-e9 INF-y X9} uld
8to] SsICAM-1o] ZVlelga, H¥el w7l o}
T zol7t UASE ofds}, AFHF vlstd

terferon
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A& e vyehlis AAREA Y 7150l UE Ao
2 Aztgg.
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