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Summary ;. Nutritional disturbance has been empirically observed in patients with
pulmonary tuberculosis. We have already demonstrated that malnutrition is frequent in
these patients by scientific nutritional assessment, although the mechanism of this nutri-
tional disturbance remains unclear. To elucidate this mechanism, I measured the production
of interleukin-1 8 (IL-1 8D, tumor necrosis factora (TNF «), and interleukin-6 (IL-6) by
peripheral blood monocytes, and correlated them with nutritional parameters in those
patients. Supernatants of monocyte cultures after 24 hours stimulation by lipopolysacchar-
ide were analysed by enzyme liked immunosorbent assay for IL-1 8, TNF «, and IL-6. In
order to assess nutritional status I measured some visceral proteins (serum albumin,
transferrin, prelbumin, retionl binding protein), plasma amino acids, and anthropometrics.
The results are as follows.

(1)Patients with pulmonary tuberculosis were confirmed to be malnourished in visceral
proteins, plasma amino acids, and anthropometric indices.

(2)In patients with moderate and mild nutritional depletion the production of IL-1 ,8,‘
TNF «, and IL-6 was significantly higher than in healthy controls, and correlated inversely
with the nutritional parameters. '

(3)In patients with severe nutritional depletion the production of these cytokines was
significantly lower than in healthy controls.

The present study suggested an interaction between nutritional status and these cytokines :
the hypermetabolic effects of IL-1 8, TNF «, and IL-6 might induce nutritional disturbance
in patients with pulmonary tuberculosis, and severe nutritional disturbance might in turn
diminish the production of these cytokines.
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fifEEE T “u” DBENL T LRI
BmbhTwichs, BHEECEBEREECOFETSC
& HREFINIREC X 5 ZBWFHE CREEI e D FEH
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THEEL, ZoOETHEZRER ERORRECD 5
b &, Bz, MlatkfiEierBs oREIRE L BT
BIRL TV B Z & EIhTELY.

WA, B2 Toy A b a4 v BRRE & h, BRSO key
mediator & e X T\ BB, BRI WLTH %L
DYFA b A VOBERMBIRT V5. ZTORTHEF
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1. IL-18, TNF a, IL-6 EEAEREDHIE

1D RAEIMmELERD 55

B LW ABIRME ~ ) VbR, REDOY v
Rt A= A K (PBS) %0 2 {870, Ficoll-hypaque HE
330 (400 g, 30 43 i € B ERE 4 #RHR, PBS T 3 [l
PE¥E% 10 % fetal calf serum(FCS)(Sigma chemical
Co. St. Louis, MO, USA) in RPMI1640 %%## (GIBCO
LABORATORIES, New York, USA) i, »5h
LHFCSKTCa—FT4 VI L7 F7AF v 27T
4 ¥ 2 (25020 CORNING Laboratory Sciences Com-

B B

pany, New York, USA)iimmmL 37C, 5% CO, FT
1 BERERE L 7e. MREMS L% & PBS 0T 3 E¥%,
JEfFE MR L. 0.2 % EDTA, 5% FCS jn PBS
% 5mlinx 4°C, 156 HRME, €<y 54 v 7T
fHEMBEAEIR L, 10 % FCS jn RPMI1640 #5# ¥ T
5 X105,/ ml iFRE Lic. 7ods, BEINMERR®D 97 % LI B2t
A F v F —CRABETH - .

2) 853 BiE o EIR

5 X10°,/ml i A% U 7= BEERIF IR 100 1l % 96 7F
JE7 L — I (24860 CORNING) ic43#, 10 pg/ ml(B#
&) D Lipopolysaccharide(LPS, W, E. Coli 0127 : B8
DIFCO LABORATORIES Detroit, MI, USA) #¥in L
37C, 5% CO, FT 24 FIREERE LELEIN, AEZ
T—80CTHRFELL. ZoLFEFEELSIL-18,
TNF a, IL-6 iEMELZBEERO T EThOELREE L.

3DIL-18, TNF a, IL-6 FE#:0ORIE

(1) IL-18 HEiEORIE

IL-18 D #IFE X, enzyme linked immunosorbent
assay(ELISA) BT X » 7o 23819, IL-18 ITxf+ % € /
7 v —F L3R (CISTRON BIOTECHNOLOGY, Pine
Brook, NJ, USA)® 7 v — b ItlH%E, v 7, AZV
A= %100 l FOWA, 37C, 2REHIEE, IL-18 1T
w3 % v FPLIE (2 KPR BTN, i 37C, 25K
fEIE %% horseradish peroxidase #Zgk#t v ¥ ¥ [gG(3
PR BTN, FiR CTHHE A E (o-phenylenediamine,
OPD) #¥sin L, Fata % Hfaihic CHIE, BEEEMKR 2 b IL
-18 EE A EE L.

(2) TNF « & RIE

TNF o EHRE S ELISA iic X » 722y, TNF o 1T
X35 E /2 vt — AFAENDOGEN INF. Boston,
MA, USA)% 7 v — b CEE, yv 7, AZVE—F
BEEAL 37C, 2 BRIRE, TNF o X35 v 9 FH
B2 REE) BT, 37C, 1 RREIME, alkaliphos-
phatase BEEL ¥ 4 ¥ IgG( 3 RPLE) ¥, 37C, 1K
FEIfPE £5 58 (p-nitrophenylphosphate) 2N, %
it CRIE L.

(3) IL-6 &M DRE

IL-6 {EMERIE S ELISA IR X o2y, v 7, A
ZVE—FEHFIL-6 %/ 7 v — F L E(Genzyme
Corporation Boston, MA, USA) CEM L7 v — b
wEshn, BT 2 RHEME, biotin 54 L 2 kiifh%
WL, FWER T 1 RHE, streptoavidin-horse-
radish peroxidase &4 RN, Faa % BT TRIE
L7z,

2. SREEFM O HRAR
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1)  E{&5HHI(Anthropometric measurements)

(1) HE - {KEH(% ideal body weight, % IBW)

F—HROBEAE K THEELT, EEAE IR
RODOEEEGER S AV,

(2) EBE=EEME L T IEI5E (triceps skin fold thick-

ness, TSF)

Fl& i & Ko ElisR AT Rl (Fig. 1-A) 0 =B #
iz 313 % fr/E%x Harpenden skinfold calipers % fu»
TEE 3 ERFEIL (Fig. 1-C), Z0FHfE%R & - 723,
ZhRRHEOIEL Ih T 5.

(3). _EREH (arm circumference, AC)

FlEh e oo PR TEREBWTHEL
(Fig. 1-B).

(4) kb (arm muscle circumference, AMC)

TSF & AC 22bROXEHCTHEM LA

AMC o =ACom—3.14 X TSF om
CHIXFREDIEEEL IR TW5. 7L TSF, AMC
& LRI T B HE, Tibb, %TSF, %
AMC T& L 7.

2) [MEAFRRE

(1) AEE A (visceral protein)

@i 7 &7 ¢ v (albumin, Alb)

BCG(bromcresol green)#: THIE L 7.

@ Rapid turnover protein

a)iifE b 5 v A7 =V V(transferrin, TT)

b)IfifE 7 v 7 7 3 v (prealbumin, PreAlb)

C)IMEVF 7 —riESEH (retinol binding protein,
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RBP)

W3 h b Partigen plate(HOECHST JAPAN,
Tokyo, JAPAN) % i\ fe— e EEHREE CHIE L 7o,

QmsEEEE 7 3 2 B

M 1Imlic 2 BALKY Y F VIRKBE LSRN £
15 SRS EEE, 1100 g © 15 S REd, EE% 0.5N
DHClITpH2.2 %L, Zhixyv 7 A e LTHI
835 W7 3/ BREABS I TRE L.

a)¥ige7 3 7 B (branched chain amino acids,
BCAA)valine+leucine+isoleucine

b)FEERK T I 7/ B (aromatic amino acids, AAA)
tyrosine-+phenylalanine

¢ )BCAA “AAA=Fischer ratio

ORI T B HWNFHEOFRERE ICIL
Student’s t-test, ~* 7 * — & M OHEBIEBI fRE 2 B2
L.

154 &

1. {EBHEREL B O S

(1) AL

MiE7 v 7 3 VB FERE 4.4240.52 g /dl, BER
3.45+0.66g/7dl, F 5 v A7 =V VIitxBE 309+31.5
mg,//dl, BER 227+£50.9mg,/dl, v 7 AT VIR
[R#E 35.1+6.23 mg, 7dl, BEF 21.8+£10.2mg/dl, v
F 7 = AREEEEIIREE4.0811. 15 mg /dl, BERH
2.50+1.56 mg,/dl, Fischer ratio {x}&E 3.55+0.37,
BAER2.8110.69 LW h b BEH CHERICEME LR

(A)

(B) (c)

Fig. 1. Techniques for anthropometric measurements.
A : the site of the measurements (the midpoint of the arm between the acrominal process
of the scapula and the olecranon process of the elbow) B : arm circumference (AC) C:

triceps skin fold thickness (TSF)
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L7=(p<0.01)(Table 1).

(2) ErtkEtm

%IBW (33 RBE 101£10.2, BERES5.5+14.8 %
AMC 338 99.5+7.90, BER82.0+11.5, %TSF
VIR PREE 106.2446.3, BER 73.4+20.4 L WThb A
EHTHARIEME LR L= (p<0.01)(Table 2).

Blackburn =% Bistrian 53 3% EIREOE THRE
BEEOBRE*OBEW@EAD BLT), @QH%E
(60~80 %), (EEEEB0~90 %) D 3 FICHIE L1z, 40|
DOBE IR BE O A LFRIRBERRE IV Th
BEEOFHD 60~80 % & FEEDOREBEEL/RL, HKk
SHRAMEIZ%IBW, %AMC (ZEREE, %TSF (& nH
B C%TSF »3 b EEx R L.

2. EEMEEEBEDY 1 b 1 VEARE

IL-18 EE AR I BAES5.51+1.31 ng/ml, BEF
7.27+2.89ng/ml, TNF o 2 4 f2 135 R BE 1,44+
0.39ng,/ml, AR 3.21+1.91 ng,/ml, IL-6 EEAEREIT
K FREE 14.5+2.50 ng,/ml, HEE20.1+7.59 ng/ ml
EWThIBERTHEEOEMEZ R L 2(<0.0D
(Table 3).

3. REEHIREL YA v b A VEEARE L OFEES

FTEEHLACAREOOME 7 A7 3 viEL IL-
18, TNF «, IL-6 EEABER OBAREHRE L. mE 7 v
7 VEM2.6~3.6g,/dI(Z R iEE A D 60 %~80
WM T ) DFEEFBEEEOFETHELERHD IL
-18, TNF o, IL-6 EEAREI R EELR L. 717 3
VB 2.6 g/dl ST ORESREREER, 3.6g/d HE
DBEERERBEN RS X ORBEREEOFAEL LW TITY
A+ A4 VEARBIEETH - - (Fig. 2). RAFEOHER
EEAREAMED % TSE & IL-18, TNF «, IL-6 B4 AE
Rz B b i (Fig. 3). #iak ® Blackburn b D 4
B0 LEEAD 60 BATORERETH 5 RER
EEEOFET HMRERBEZEIEETCFERIREDZ &
NRENDTE, BEFORBEREOREXMET V7 3
VETEEXEEEH(AD<2.6)(af), hEENLR
EXRERENS L OREEEOFEL RWEECLT, %
EUTHREREER (Ab>2.600(bEF)D 2 s & B
EBETDIL-18, TNF o, IL-6 EEARE R L 7= (Fig.
4. IL-18 EEARE I a B 3.74+1.19 ng/ml T X BB
5.51+£1.31ng/ml it L B R DIEME(DP<0.01), b
8.01+2.58 ng,/ ml THBHICHLEZROEMELR L
(p<0.01). TNF o EEAREIT a2 B 0.9340.68 ng,/ml,
b #3.67+1.75ng,/ml T a B & % A B 1.4440.39
ng/ml X Y BEIEME(P<0.05), bEHINBHIVE
FCEERRLA(<0.01). 1L-6 BEEERES a B 11.2+

B 2

Table 1. Biochemical nutritional assessment in
patients and healthy controls

Nutritional parameters Patients(N=30) Controls(N=230)

Alb (g/dD 3.45+0.66* 4.4240.52
Tf (mg/dD 227450.9* 309+31.5
PreAlb (mg/dD 21.8+10.2* 35.1+6.23
RBP  (mg/dD 2.50+1.56* 4.08+1.15
Fischer ratio 2.81+0.69* 3.55+0.37

Each value represents the mean = SE (% p<0.01 from
controls)

Table 2. Anthropometric measurement in patients
and healty controls

Patients(N=30) Controls(N=30)

Anthropometrics

%IBW 85.5+14.8* 101£10.2
%AMC 82.0£11.5* 99.5+7.90
%TSF 73.4+20.4* 106.2:446.3

Each value represents the mean + SE (%p<0.01 from
controls)

Table 3. Production of cytokines in patients and
healthy controls

Cytokines Patients(N=30) Controls(N=30)
(DIL-18 (ng/mD) 7.27+2.89* 5.51+1.31
(2TNFa (ng/ml)  3.21+1.91* 1.4440.39
(3IL-6  (ng/ml) 20.1£7.59* 14.5£2.50

Each value represents the mean = SE (#p<0.01 from
controls)

1.80ng,/ml, b# 22.2+6.63ng,ml TREMFCKBE
14.5+2.50 ng,/ml & b a HECHEBEIC(EE bRECTHEE
R fE %R L1 (p<0.0D).

RICPEEL TREEERER LRI REREOR
E & IL-18, TNF a, IL-6 EEAAE & OBIREZHET L.

1D AEEERREREC X 5 REEEORE LV 1 +
B AV EARR L OBILR

(1) IL-18 EEAERE

Alb, Tf, PreAlb, Fischer ratior S5 & 0 & O HEE
R HT=(p<0.01) (Fig. 5).

(2) TNF « EE4RE

IL-18 OB L Ak 4 BOXBRELEROAD
MBI Z R » 7= (p<0.01) (Fig. 6).

(3) IL-6 EEARE

IR 4 O YBINE L A O A DHBERD 2 (p<
0.0 (Fig. 7.
IL-18, TNF @, IL-6 EE4ARED Wb RBP & XK
DOIEFNIFEET B NEE TR 5 T,

2) HHEFAEC X ARBEEEOREL YA b AV
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IL-14 %  TNFa % IL-6 *
(ng/ml) (ng/ml) (ng/ml)
10+ 5+ 251~
8+ 4+ 20
6 3F 15
4 I 2 10 J_
2+ 1 I 5r
0 Patients Controls Patients Controls Patients Controls
a)Alb=<2.6 b)Ab>2.6 a)Alb=2.6 b)Alb>2.6 a)Alb=2.6 b)Alb>2.6
N=5 N=25 N=30 N=5 N=25 N=30 N=5 N=25 N=30

Fig. 4. Comparison of cytokine production classified by the grade of nutritional depletion, cytokine produc-
tion in patients with serum albumin=2.6 ; [J, serum albumin>2.6 ; %, and in healthy controls ; H.
Each value represents the mean + SE. Student’s t test *p<0.01, #p<0.05 from controls
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Fig. 5. Correlation between biochemical parameters and IL-18 production in patients with
normal nutritional status and with mild or moderate nutritional depletion.
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EDFFPHICD L - T,
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Z. Z.
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8- Alb 8 Tf
i [ ] i [ ]
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Z
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. —T 1 ——T——T — T T
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Fig. 6. Correlation between biochemical parameters and TNF « production in patients with
normal nutritional status and with mild or moderate nutritional depletion.

35_“ . y=—11.1x+62.7 r=—0.853 | o  y=—0.127x+52.5 r=—0.746

2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 19 O O L
40- TNF 404

.
e y=—0.534x+35.9 r=—0.762 1 e y=—8.36x1+48.5 r=—0.743

T T T v T v T 0 T v T T T v T T T T T T T v T
10 15 20 25 30 35 40 2 2.252.52.7 3 3.253.5 3.75 4 4.25
PreAlb F-ratio

Fig. 7. Correlation between biochemical parameters and IL-6 production in patients with normal
nutritional status and with mild or moderate nutritional depletion.
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131 .
121 e  y=—0.133x+19.8 r=—0.649

131 %AMC
121 *
117 e ® e y=—0.137x+19.0 r=—0.731

%TSF
Fig. 8. Correlation between anthropometrics and IL
-1 production in patients with normal nutri-
tional status and with mild or moderate
nutritional depletion.

L, %IBW, %AMC %80 %L EOBREHY L. &
RO OBRITFNODHRE & — L, MfEKEEDNRE
BEEIFEE~BEDO L DAL, KRN (fat mass) %
F+ TSE BRI DET LT3 T &IREFRIEH O HE
FFEL, £0o% AMC, IBW T#£Z R 5 lean body
mass DA DI hN > T ATREME IR L.
M 7 3 7 B4 H7 1224 %) protein calory mal-
nutrition(PCM) D 3 T, Zh b D EE TILBA
738, FHNET I VBOA VAT Y AOFEIER
TRTWB2, ok Fischer B2 E BE TIX
SEET 3 2 BBCAMREY, FEET I /B
(AAA)DBEIN L, %o H(Fischer ratio) 37 § VB2 1 v
AT VRADIEL Y, HREORE, FHROFIZEH

y=—0.122x+14.0 r=—0.531

TNF

[ ]
60 70 8 90 100 110 120 130
81 o %IBW

y=—0.08x+10.4 r=—0.655

70 75 80 8 90 |

81q %AMC
7 .
6 y=—0.09x+11.0 r=—0.691

TNF

%TSF
Fig. 9. Correlation between anthropometrics and
TNFa production in patients with normal
nutritional status and with mild or moderate
nutritional depletion.

ALY BT ERMEL TS, FIREERE L OBHET
VEEREE 52925 Fischer ratio DIE T AREEEDEE &
3= L %R L, Fischer ratio 233&IE L LCEHAT
BB EBRTN5S. fiiEEEEORERE L OBE T
FINNODFEM et 24T\ BCAA IR RAED 91 % & I
4, AAA 13120 % & 150, Fischer ratio 1279 % &{&TF
LTWb I E%RL, MEREE TOREREDFEY
73BT OENLSEHL T 5.

SRR 7o & 0 R C AMEREMETL T
BITh b bPERBREE IEA e, NAT v AR
ARRBTERILKBEINBZLTHD. ThiXEA
TORMEADTTHEERL, KECHACIE 5%,
ER LT 3 7VBRlEBr=x v F—EE LTFIEE
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[ y=—0.363x+54.2 r=—0.737
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35-

] e y=—0.471x+61.7 r——0.72
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. .
351, y=—0.378x+52.8 r=—0.816

251
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154
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Fig. 10. Correlation between anthropometrics and

IL-6 production in patients with normal

nutritional status and with mild or moderate

nutritional depletion.

RTWBH2, 2Dk kR b vRILL BHEASRE
CAETLSH7 § 7BOFT, g7 ¢ 7 BBCAAIREL
DENSBNZ &, EREE=FILVF-BOEEGHKE
CEREDLBENCHBEIN, =xAF—{HELTH
HAE3nhsEs, 73 7EEB% 50} alanine, glutamine
e EOBERMET I /B E U T ciag S s E R
Eha. —7, FEE7 I 7BAAAIKRETHRAZ L
R Ted & D X5 IR RRICIIEINT 5. Licdio
T BCAA o4, AAA DiEhN, 3 7c4>H Fischer ratio
DIETIIRERE, ToFThHEASHICL 5 RAIT
EOBRERRTIHEL VB2, SEIOKRFTHE
EF£D Fischer ratio %1% U B SR REIRE, ke
BMEDE T 2RI & L iTfER &\ 5 BRI Is

(483)

TLRALTTELRBEED R L 7o T\ 5 Z L RRE
LTWbEEzbh5.

ST, B OV A AL VHRREIhTELR, Zh
LDV A b I A VIIHRERIGOREEE - TR, LD
WIS TS, FOHhTh IL-18, TNFa,
IL-6 1% multifunctional cytokine DfRERNcd D TH
5. IL-1 3 THife, Bk, BBk EORERMRE, #
MESEMERA, B, WNIRTc S ORSAIRRMEE, BRI
T Bk 72 & ORISR, FF, BML &
SEOMBETENMRE LCEAL, IL-2 213 Lo
¥4+ 4 vOFE, T,BilaoiGi(, #E 4%HE
IfiBRD chemotaxis DFFE, MMEFMIEnbD =25 77
- YHE, HROMW, FE, ACTH of5WRE, Sl
RGEAOHE, A4 vF v rsfifanfEErEE X
multifunctional cytokine D% &% » D4E BRE X &
5TV %30-39, TNF (349 3B S i 4 8858 %
HRE2rWE L LTRREI®, cancer cachexia %
FlEETHyr 77 v ER—WHTHHZ EHHBILT
W53, TNF @ % IL-1 & AR IelE 2 /- %
D, IL-1 ofEf L EHE TS AN L0, RIS
THEETL D AE D, IL-6 b AL ELEIEY
Ml L L 2 BT 5, SROAMMRIEEASRIC
BT By, REEAOEELKE .

ZHhHDOYV A b A VIR BT S T EE
IR R L TWBEELbhD. BYERTOZ v
Tr=5) 27 Y 75T 5 IL-1, TNF a DF5#E
FIO®), BARRSO 31T BB D IL-6 0 LR EL <
DWERD D, El, BURPEO—2>THIHEHKOR
BB\ ThBRE I Z 5h, IL-1, TNF o (IR E
PRET 2 AFEEYR ST 5 & Sho?, i
TNF a i IEDF A b A v &54340 5 5 TiE MR © 2
SVDEOBETL~7 r 7 7 — o ORELESI X DK
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