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In this symposium, the immunological aspects of tubercle bacilli were presented and the usefulness of
tubercle bacilli as the materials for immunological study was discussed.

Dr. Yamamoto has studied on the mechanism of anti-tuberculosis protection in mice. When BCG
cell walls which consist of adjuvant (BCG-CWS) and antigens (protein), were injected intravenously
into mice as an oil-in-water emulsion, pulmonary granuloma were produced, and a close relationship
was found between the degree of granuloma formation and protection against aerosol challenge with
tubercle bacilli.

Dr. Yamamura and his group have clearly shown that experimental cavity formation in rabbits
was due to the cell-mediated immune response of host to tubercle bacilli (and tubercle protein). The
protein and lipid fractions were purified from mycobacterial cells and the cavity was produced by the
injection of the mixture of above protein (antigen) and lipid (adjuvant) fractions but not by each alone
in rabbits. The biochemical and immunological mechanisms of experimental cavity formation in rabbits
were investigated in detail.

The adjuvant activity and adjuvant-polyarthritogenicity were the characteristic biological acti-
vities of tubercle bacilli. Dr. Tanaka has reviewed the recent advance in these fields. Especially the
details of N-acetylmuramyl-L-alanyl-D-isoglutamine (MDP) which was established to be the minimum
adjuvant-active subunit of bacterial cell walls were summarized. MDP has also been shown to have
adjuvant-polyarthritogenicity in rats.

Dr. Kishimoto has reported the selective suppression of anti-DNP IgE antibody response by preim-
munization of mice with DNP-conjugated mycobacterial cells, and the selective IgE suppression was
shown to be due to the induction of DNP-reactive IgE class-specific suppressor T cells. Furthermore,
he has obtained similar results by the administration of antigen (DNP or ovoalbumin)-conjugated 6-O-

mycoloyl derivative of MDP. These results suggest the possibility of immunotherapy of allergic diseases.

* From Institute of Immunological Science, Hokkaido University, Kita-ku, Sapporo, Hokkaido 060 Japan.
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Recently, the antitumor activity of BCG was shown in experimental tumor systems and human

cancer. Dr. Ogura has presented the experimental and clinical results in experimental tumor systems

and human lung cancer using BCG cell-wall skeleton (BCG-CWS).

BCG-CWS was shown to be

effective statistically for the prolongation of survival period of patients with lung cancer. The adjuvant

activity on killer T cells and macrophage activation was considered to be immunological bases of anti-

tumor activity of BCG-CWS.

As shown in this symposium, tubercle bacilli are very interesting and useful materials for the study

of immunology.
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%= 1 C57BL/6 & CgH/He =¥ AlC %t} % 6-O-mycoloyl-MDP & PPD & X
AHIHRFEER & Mycobacterium bovis, Ravenel &8RRGS Iz R D Hok
(GagEth 1 8 BB T 2B a)
Y # 5 & Lung index R ERRA 3 B E D ks
v A £ RO (1P (g% 138 R) % M. bovis, Ravenel 04 EiHL
1) 6-O-mycoloyl-MDP+PPD | 300+ 300 1.67+0.57 2.7+ 2.0(x105)
C,H/He | 2) 6-0-mycoloyl-MDP 300 1.2740.18 1.4+ 0.6
3) PPD 300 0.69+0. 12 38.0+ 4.9
4) R wiofw — 0.57+0.03 59.6+11.0
5) 6~O-mycoloyl-MDP+PPDl 300+ 300 1.42+0.09 3.3+ 1.5
cs7BLy6 | ©) 6-O-mycoloyl-MDP 300 1.41+0.16 5.1+ 2.3
7) PPD 300 0.87+0.09 49.5% 8.3
8) X% wlo/wa — 0.870.03 48.7+17.0
1) vs 2) p<0.02 2) vs 4) p<0.001
2) vs 4) p<0.001 5) vs 8) p<0.01
6) vs 8) p<0.001 | 6) vs 8) p<0.01
5) vs 8) p<0.001 |
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b AR 5 WD < v AT IR IE S,

% 2 C57BL/6 & CgH/He ~ % A 3513 % 6-O-mycoloyl-MDP & PPD B&MC X
DIFAZEIEIZR & Mycobacterium bovis, Ravenel 0 iESEREA); HIZh I D g
(5af% 4 BERTREG AT 02T H)

; # 5 & Lung index RSB 3 8 H Dl st
< 7 A ES o T (yg)bi (Gt 4 @H) % M. bovis, Ravenel DAEEH
1) 6-O-mycoloyl-MDP+PPD | 300+ 300 0.66+0.04 47.6+17.4(% 105)
CH/He | 2) 6-O-mycoloyl-MDP 300 0.66+0.03 61.2+15.8
3) Xt wlo[w — 0.57+0.03 110.9+24.6
4) 6-O-mycoloyl-MDP+PPD | 300+ 300 0.78+0. 04 3.3+ 0.1
C57BL[6 | 5) 6-O-mycoloyl-MDP 300 0.670.01 94,.5+22.0
6) xHE wjo/wa — 0.59+0. 01 204.0%£77.6

2) vs 3) p<0.001
4) vs 5) p<0.001
5) vs 6) p<0.001

4) vs 6) p<0.001
4) vs 5) p<0.001
1) vs 3) 0.02>p>0.01
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Table 1. Cavity-forming Activities of Heat-killed Cells, Lipoprotein, and Subfractions
of Mpycobacteria
Challenged antigen Classification of lung lesions* Cavity-forming Skin reaction
into lungs Cavitary Necrotic Granulomatous rate(%) with PPD**
Heat-killed M. the. HyRv 6/12 4/12 2/12 50% 6/7
Lipoprotein of M. tbc. Hg;Rv 12/14 2/14 0/14 86% 1/7
Lipid fraction
T 0/8 0/8 8/8 0% 0/6
Ip 0/6 1/6 5/6 0% 0/4
Protein fraction
IIt 0/6 0/6 6/6 0% 0/6
IIp 0/11 0/11 11/11 0% 0/9
Recombination of lipid and
protein fraction
Tt4IIt 3/11 4/11 4/11 27% 0/7
It+1Ip 4/9 5/9 0/9 449% 0/5

* The first number is the number of lungs that produced the lesions corresponding to the classification; the secoond number is

the total number of lungs where the lesions were produced.

** The first number is the number of rabbits that showed positive tuberculin hypersensitivity; the second number is the number

of rabbits tested.Skin reaction were done with 30zg PPD.

**% Tt : lipid fraction of lipoprotein from M. tbe. Hy:Rv; Ip: lipid fraction of lipoprotein from M. phlei; 11t : protein fraction of
lipoprotein from M. tbe. Ha:Rv; Ilp : protein fraction of lipoprotein from M. phlei.

vy FEREERC 58 L7z, £ LT M. the., HyRv,
M. phlei ) FEREANDHHELI Y €y Fifx It, Ip, &
B Ot Ip L zhZharf L, tik M i,
HyRv OV REED, p ik M. phlet ) FEEND
SEEEhic WS EIRTH D, £ LTt IIt, Ip, Hp 4%
Hph RO S LT b ZRIIPR S higdro7e s
It+1IIt, It+1Ip X ST MH L EA L TROMMCHE
15 LERARERE I (Table 1), Z0HE, ) ¥
v FifEEEMC OB L RES UM LB EITIX
L &0 ) HEEICINTEAERERY KT T %, 7tk
PPD 1T X 2 BIRIG, FABEIGE, DX 5 7Rk
SxBCEHECTRLERTH O, ThbhDFERD
LZeIgR L, T ) RS BEREG% e 550
LgWhwZ ENADBNI, ¥l €y FIfEEAREZER
BBz LicXy, BENERINLZ L0, BFY
BafT7s SHFRIEATH D, YV ¥y FifIR7 Y a v

FELTERADHEEEZED TWD L HEELbR S,
FoTY €y Fio It % thin layer chromatography
TR W35 & cord factor, neutral lipid, free
mycolic acid, trehalose monomycolate, cardiolipine,
phosphatidyl-ethanolamine, phosphatidyl-glycerol, lyso-
phosphatidyl-glycerol, wax D Z {3k [ & @ glyco-
phospholipid 4K D) &y FAAEThTED, Zhb
DY Ey FOEDIWMAITT ¥ a3V MEWRIEET B0
TRTH B, £ T7V "V MERARD D EEZ DR
DROWERFA LI, T7cbb BCGcell wall, cord
acetylated wax D-6,

factor, phosphatid yl-inositol-

oligomannoside, MDP(MurN Ac-L-Ala-D-isoGln), MTP
(MurNAc-L-Ala-D-isoGIn-L-Lys-D-Ala) % 1.5 mg &
EEH p L.5mg #RBC TROMACES LT, 68
B Uiz, F Df5H1% Table 2 1w/R3 &K,
BCG-cell wall, cord factor & IIp Z{E U & Z DA
ZERANTER S h, o 7oV MpELE TIp 2RET
LSBT S h o, 3bAHAY ¥y F,
cell wall, 7% a3 MpH, Ilp £EIMTCIZRLY
& iehote, ¥R PPD, Ip 24 & L
THWIEAIE LA EWNRETH DR, 7o BCOG-cell
wall (3 EDERATE T, PPD 12X % NG
Btk ke n, chbOfERNPD, BHEDLIHTNTD
7Y ety MES, WEEE OFUREY B TG
A7 5 ERL RV, FIEREIE & 28R &%
FEicoTc kO RERIG Tl e EE X bR D,

7s3s cord factor+Ilp Z {4 L CERZRETR2
cBA, Nike Mg oiEIERNE p 2R &35
BAEDLILE Shicss, PPD Tk Ik Shichotke
(Table 3), fififd M¢ DBEEMILRIED ZPHHFED &
AZERYREHEET5 L5 TH 5,

2. ZelMRR & MEA S R, Mé & OBtk

2R T b B Pk, ik SR A o R SR
oo h, T ORBEIRE Tiebh b b0l
Ex bbb, & CHEIMEGEHE 2. 5mg (R E) 2 il
DFFHET, HHr UDIEHKITHE CTRIE LIRS L OJER
TEORORNCIES L, —EEHT LERLT, Mo
HOEL SR BIET S & Fig. 1 DT E KRI85,
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Table 2.
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Lung Lesions and Skin Reactions after an Intrapulmonary Injection of IIp

Mycobacterial Lipids or Adjuvants

Challenged antigen Classification of lung lesions** ] Skin reaction*
into lungs* Cavitary Necrotic  Granulomatous Scar i PPD++ IIp++
BCG-cell walls+1IIp 4/10 6/10 5/6 0/6
Cord factor4-IIp 3/11 5/11 3/11 /6 2/6
Acetylated wax D-6 10/11 1/11 0/7 0/7
+1Ip
Phosphatide*** 4+ IIp 12/13 1/13 0/7 0/7
MDP+1Ip 1/10 9/10 1/7 3/7
MTP +1Ip 8/8 0/5 0/5
IIp 11/11 0/7 0/7
BCG-cell walls /11 10/11 6/7 0/7
Cord factor 0/8 0/6
Acetylated wax D-6 10/11 11/11 0/6 0/6
Phosphatide 11/11 0/6 0/6

alone.

* Challenge dose into a lung : IIp : 1.5 mg+mycobacterial lipid or adjuvant : 1.5 mg in the mixture, or 3mg of each substance

** The first number is the number of lung that produced the lesion corresponding to the classification; the second number is

the total number of lungs where the lesions were found.
*** Phosphatidyl-inositol-oligomannoside.

* The first number is the number of rabbits that showed positive tuberculin hypersensivity; the second number is the number

of rabbits tested.
*+ Used dose : 30#g PPD or 100~200¢g IIp per 0.1 m/ saline.

Table 3. Migration Inhibition Test of Alveolar Mac-
rophages from Rabbits Intrapulmonarily
Injected with Cord Factor+IIp, or Cord
Factor Alone (Exprssed by Migration In-

dex at 48 hours culture)

Challenged antigen Antigen in culture**
into lungs* PPD Tp
80%*** 557
85% 542
Cord factor+1Ip 82% 59%
86% 65%
88% 63%
Mean 84% 59%
867 103%
103% 118%
¢ 91% 113%
Cord factor 130% 168%
79% 83%
Mean 98% 117%

* Challenge dose into a lung: cord factor: 1.5mg+IIp:
1.5mg, or cord factor : 3 mg alone.
** Antigen concentration : 30zg of PPD or IIp per m! of
culture media.
Mean area with antigen 100%

*** Migration Ind %) =S =S SRS
igration Index (%) Mean area without antigen

Tl bIFRRIEDOTE T, MBFEEESE, WRkEAS
BRI ERA L, SHEERRF LD, T LTED
ESEIEND Db, RN T1~ 28k < h TN
IR TL 5, THEX LT, #EETHO LR
fEShicR Tk, SRCEASMEEREESEFL T2
BTREB LD, BRAS LR, TO%K 1ETRERN
R Eh T, ERSMEREHRIETL T %5, TNl
ERLEASBERIEEOMIC LT 2, ToToh
LOBREN ED LS FETRI DT\ S % BT
B, FERERIC EEFEEA S LT 3 EHE O Ric
Myrvik 0P CRER LB U T saline AL, fili
B Mg 2TV Lc, SR E LTEFEREDOMAL, AT
BERTT7e>TC Mg & DL, Mg $1&, N-acetyl-
trialanyl-methyl-ester % 38 & 3 5 BRI 2 i L,
Z DOfEFIL Table 4 (R4 & <, REEEEIES LICRE
TUE, 1TEM D 94 20D M 3 F /- IMg 41,6
fEOBRIEREEAEYBLTOHZ AL, L
T T 1R D £ Mg T 6.5 {50 BERIEE AL
Too CHDLOIERND, MEBHEZERHIALETE, &
FDOJERIGHSEITT P2 T, Mtk R in 5
ML, BIEY v RO L O TLED activate h
7o Mg 2YRBIZEA LT B L 5 cBbh 3,
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Sensitized Lung Index
~
N rN __y Proteolytic _ |
2.0 RN X ==X gctivity 2000
= oD
S 5
-
< =
2
Ele =
> S
HE N
o> — 1000 ©
518 =
e faa) 8
n -s
x a
=]
£
£
=
1 L 1 ! 1
3 7 14 21 28 35
Days after the intrapulmonary injection of killed T. B.
Fig. 1. Weight and proteolytic activity of lungs after receiving

an intrapulmonary injection of killed tubercle bacilli in paraffin
oil or paraffin oil alone.

Previously sensitized rabbits with killed tubercle bacilli received an intra-
pulmonary injection of killed tubercle bacilli : @—@ @----@®. Non-
sensitized rabbits received an intrapulmonary injection of killed tubercle

bacilli ¢ X —X X=-==X%,

Non-sensitized rabbits received an intrapul-

monary injection of paraffin oil alone : O—QO O----O.

Table 4. Enzyme Activity of Macrophages from Normal Lung and Killed Tubercle

Bacilli-injected Lung of Rabbits

Macrophage from
normal lung

Macrophage from killed
tubercle bacilli-injected lung

Recovery of macrophage from a rabbit
Cells/rabbit

(1.00£0. 43) x 108

(3.89% 0.52) x 108

Protein/total macrophages 26.8 +5.0mg 143.0 +33.0mg
Enzyme activity*

Activity/rabbit 8.2 +3.31. 50.0 £ 3.10.

Activity/mg protein 0.31+0.11U. 0.37+ 0.09U.

Activity/108 macrophages 8.3 +£1.0U. 13.1 £ 0.9U.

Protein mg/108 macrophages 29.6 +8.6mg 38.1 +10.2mg

* Substrate : N-acetyl-L-trialanyl-methylester

3. ZEFRE Y vARAAV

R ER S R XS5 Mg ES
THZEBEDONDY, TDOI DY VALY EE
Ehayvasd4v (DT LK L) o #ZElow
THZE LI, LK OFBIIHEFOHFEC L2T, 77
BIEE CRIE LB o& g TAP 5mg % saline [Z¥
HUTHEAL, 24RMECER LT, Myrvik OJEC
T saline Cfifix Pb% Lic, % LTX D WK X D NG
R\ ICBRENT LT, TORNKEYHERRES b
% LK LLTHEALE, 2oLkt HEC X2
-C migration inhibitory factor, skin reacting factor,

transfer factor DIEMEAHFE TS ENFEDLN TIN5,

71T LK 20mg+TAP 5mg, LK 25m, TAP 5mg
ENENROMPNCHES LT 1LBBRCEREIR L,
Z DGR LK+TAP 214 Uiz BE Tl REE D BEIE &
M¢ DERDESZ DN, LK L0 TAP DHD
HEHTIE Mg OHEE% B, Bz EDdLR
Teiote, L LWThOBE THE EEMR X 57
ERESE OMMBBIIRD b i ole, ek LK%
S LB EN T | RIGHEEEZ R L, 2hbD
Z b, LK @ ioT Mg REIC ISR £
BT 5HH, BMIBRINL W ExRDle, Lichio
TZEBRICE, ThbDHEEG LA Mé REEEIT
W, FRUCEES Mg DSz X % lysosomal enzyme
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DT X 2B BN LE DTl EFEZ D,
FIEEEIISED Y ¥y F¥EELTED, TOY ¥
vy FiZiZ s 2 —AB0 X 5 ek Lic{ WigEL H Y,
INBN M ZBEEREZ O TRV EE LD,

B

&

1) FEBMEZEIE, EE L EE & O Mlatf R RIG
DIEFWZEND, DIV FFTIEEAEBEESL
Wk dmBbhs, FUTEEICRIEEGEY PR &
LTHERTARED, ZBAEREY L7 ) VIZX DK
WG, BERE, il Mé o migration inhibition test
DOEHEEX BT 5, 2) EERSEACEaT,
RS Y ) BUG, ARBLUSAERE Licw23, fiifa
Mg DR IERIG X HET 2 X 5 TH D, 3) &R
HROBR L7 2 DITHEGEEATH DT, BWEY Cy F
MNT P2V PELTED PFEEEZED TS, 4) A

465

BTz ) v BR O IEAIT X D HED activate Ihic
Mg p#EFRL, BEESMEEREENEF T2, 5) L
LB Mg DELSDR T ZIIMR IV, Bk
DAEEIZI S Mg OBFEZOMZI D il S 28
#2S, HBOELEEAY R TOTII LW EELDR
%,

X 2

1) Yamamura, Y.: Adv. Tuberc. Res., 9 : 13, 1958,

2) Yamamura, Y. et al.: Am Rev Respir Dis, 109 :
594, 1974.

3) Yamamura Y. et al.: Am Rev Resrpir Dis, 98 : 720,
1968.

4) Folch, J. and Lees, M.: J. Biol. Chem., 191 : 807,
1951.

5) Maeda, H. et al.: Am Rev Respir Dis, 115 : 617,
1977.

6) Myrvik, Q.N. et al.: J. Immunol., 86 : 128, 1961.

3. FanyMaEEXUT Y Ay MEEK

ERERRFAEMNE H

EHELT Y 2 AV MEEEBEL S, 0E DEA
HECERBERRINLT, 7 e 4 v FlDohdkE =<
N VOILTEET S &, PifkEEEI ML, i
SEIEELBEUESFE SN D, BEIVRCEBET Y 2 A
VO THB, L, TREAWELT, EEEO
ZETRAV ML a VYO TT y MCEST S
L, T2V FBEIARFHRIADY, ThilEAD
BATAHOBEEEHY = —~FIZlTuw 5,

72 AV MEWET O R MESIIMREDO RS T
7Y 5V E R T A E(Z, muramyl dipeptide (MDP)
THH I ENIIAER BN I NI, Fxik MDP 7
oAV VEEAYFRETA EARENLNITTE
ENTET, BAbhicT— =ik 7V 2V MEET
Do AV A THEY, HAIXEIMDP i< m
7y —CuERIEL, AFEAER T R REL,
KBEWZE#EA S S XS5 CBbhbDT, thbb—iF
ZHLHZ EITT 5,

1. MDP imXx%b<=sr75y—Y0iEHL

e x1x MDP 3Ly b, RYADT
vy —OkERETE LR L, ELEy PO
Bt <2 r7 > — 2%V, MDP Off « DL
BPHCTLLREEEA, TV AV MEEYETAE
Pkiz=2 v 7 7 —OREEILTZ2Y, 722V MG
HerE I CEMURTIEEL Uiehyole, i\ hic
<IRT =P XTTAFy VEETCHET S LN
PO TW52, Fig 134 MDPHEfic X 5~ Rr7 »
—CERERHET A< r 7 s — PO TELLLD

Z v b,

w 2

ThHd, 7Y a2V MEEEETIEUGI~I =7 »
—ORMEIRD, 2%, EETHZLNL <D,
Fxx4TI, ZFravrivol)ix, sSra— AR
1k, = v AENRERED BIP, <7 r7 »—PDiE
FERLIEP, FOfEx DIRELY AVA R UEREE T
B, ¥/ R7 7 —URRERIG, FRCBIERLBEDT
BCEERBHE YL TWDZ L L <brn2Tns, L
P30T, LD 2 DERERENS, BBEDOTY -
AV MEERBIC, <2 r7 7> — COERLAEEE
EEBECTCNDZ ENREEND, BLTES5THS
»HEREBTH D, MDP b= r7 » — D
PEARIZ Y v SERDBAET B0 E 5 2k, MBS h AR
BEICETH D, Bxlrerey OEEBH MY B
WTZ DR WL OO FEY AW Lic, £D
I, MDP (3) v RO LIi=s r7 7 — D%
Die Ed »= b ARIVC JY-1 DERE~7 R
7y — %) EEILT B 2 LoDl Fig 213, fEik4
BfFeL ey ARSI r7 > —COMBEIEEL LT
BONCHRETH D, IpbHLMN L 512 MDP (2~
7 m7 5y —CERIERILT A5 PPD IXEIE LRV, =
7 r7 y— IR UBHEDRRIEY v < 8RE ¥,
MDP D &4isH3 PPD 4, ~7 r7 5 — D% iEH(LS
BX5Cien, %L, PPD ix—EDEMRIARETE
k35, oz &k, %5 < MDP 2E#IK, PPD
VYT 3 HIAVERNLT, =707 5»—OkiEMET
BT ERRBLTND,



466 WK OB E BT
Adjuvant Numbers of spreading macrophageslmm2
activity 50 100
Control
Mur-L-Ala-D-isoGln (MDP) 4+
6-0-Ac-Mur-L-Ala-D-isoGln +
Mur-L-Ala-D-Glu -+
Mur-L-Ala-L-isoGln —_
Mur-L-Ala-D-isoAsn -
Mur-L-Ala-L-GIn -
Mur-L-Ala-D-Gln +
Fig. 1. Effect of MDP and its Analogs on Macrophage Spreading.
Table 1. Relationship among Biological Activities of MDP and its Analogs
Adjuvant Mg stimulation § Granuloma
activity in vivo in vitro 5‘ formation
Acetyl-MDP + + + -+
Mur-L-Ala-D-isoGln(MDP) + + + +
Mur-L-Ser-D-isoGln + + + +
Mur-i-_AI;-D-Glu + + + +
Mur-L-Ala-D-GIn + - = +
Mur-L-Ala-L-isoGln - - - _
Mur-L-Ala-D-isoAsn - - - -
2. BB SR E R
sl Me MDP (i LR ARSI R 2 < 5 & & BT R 41T
.\. WO F45 L0, MDP S|l E A TR, 7Y
2r A Mg R B R D 22 A (Fo7 (Table
10 1 1), MDP DOKEWEIZASFBERAER & SRS Teh2Ts,
PPD MDP 2 AFEMRE L AT Idiciy, MfkE (7=
£ ' Contro AV M) =<y avOACT B, BRI
H LIEHERC LY A SR, DED Y EFEHEL
: ey Mg +Ly (1:D ‘associate’ X% LWL bR D, RICEHERA
40 - PPD 13 MDP i & 5 BB T ¥ ¥ ~BRIIDE TR &
BbhsdZ EThb, 2% h, MDP (IHAER R
T o? 5 MCIAERERE 2 FMREOHR AR 7 L
20 Too EL-FREMETH B, FOlpiaes B RENT/RER L
10k Control TWB 2~ FJv bTHRTZ EABEEI RIS,
3. T¥a-Sv REIEIL
L3 y Bk MDP 13 79 o 3V MBS R LISV & T

Time of incubation (h)
Macrophages and lymphocytes were obtained from
tubercle bacilli-sensitized guinea pigs.
Fig. 2. Difference in macrophage spreading
enhancement by MDP and antigen.

BHENAA, TIVA, TAYIMLBHERTOHI,

B, 41t MDP 237 2 o v FEAHIA R FHEL 5
CEERRH LY Tigs), &I A, FERIIET >
vy M7 a v FEIEIS R SEE LT a2z (Table 2),
DT EE, TV AV PBEIBIRRIEILT Y VS ERD
BRENMETHD Z ERRL TS, —F, MDP D
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Adjuvant arthritis induced by MDP.

Fig. 3.

Table 2. Induction of Arthritis by MDP

—— (Difco FIA) 0/14
MDP (Difco FIA) 11/18
MDP (Difco FIA) neonatally thymectomised (/16
MDP (Difco FIA)+ovalbumin 0/8

MDP (Arlacel A+ Drakeol) 0/26

Table 3. Requirement for MDP Activity
Activity of MDP | Antigen T cells L1p1d
Macrophage activation - - —
Granuloma formation | — — +
Arthritis induction 1 — + +
Adjuvant activity + + —

4. HERERLU LT
KIRARSLESER =

IEADBEXRICT LT Y YRy 7+
?1’CL‘©o E}}tl—f;“lj? V¥ —DERH :_i:
L Zof TR, TV v-2ERic

LD REI IR TS, FRe IgE Pk EEIT BT
HAZLATT IgE 7 5 AR~ — T Hillans
HFHEL, CORES 7Y O Isotype ICFERAYRT
v osERs TR HifbiEAIn KX e il B LTV BT

B R RE LY, @ny7/_rmy;«»n~Tm
fans i e 3 2704 IgE 7 5 A Ry 7'
v+ — THIfaL (Fét”‘m_ LTS h, IgE JifkDiE
HEirond IgE 7 5 AR~ A= Ty
DTHEIhTWB EELBR D,
i"i{‘-s'@fé?il:"'«%?—%f@‘ﬁ““ﬁ’%791/:7 il &
BT LAHHIC@E S HES L, T
T AIFEEEN T MloBEL2 ML T IgE} URPE
A2 IR IEIT 20 TidiswnwnEEL, ThiER
B L7, o b okiiFREREEL

H—D5 YV RTE
IeG

TgE o 4 i
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R4 0 AROFBRTWEW, zDZ &, 7
Tarv bﬁﬁﬁﬁé%ﬁ‘&:ﬁaﬁw?%% LC5E 2%
ABELTWB X 5IBbh3,

T & B

WEEEN AT EEWEEOFRT, =2 r7 5~ U
AL, WHFETR, 7=V MEASEHE, 72 a8
v MEWFEBIEOIEE LT 5 R Mg MDP ©5 %,
CHOFEEEEDOFBL L, PR, TV V3R, ) ¥ FEo
FoRMAMEICE DB L Fig.3 DX 5inicd,

#no_,:@&%%EﬁLTTéotﬁEDﬁRm,
LFRE=HRE, BEY v 7R TEWI NSS4,

ZEFEE, MAE—EL, B4 VD?JE@%EL\T':EHEP@
BBAR, AL, SEEEL, MEERL, K@

jj,ﬁ,"%"j: j:Fi ﬂgl? Tﬁ:j:|~(ft§3‘b‘ Li?o
X s
1) Pearson, C.M.: Proc. Soc. Exp. Biol. Med., 91 :
95, 1956.
2) Blanden, R.V.: J. Reticuloendothel. Soc. 5 : 179,
1968.
3) Tanaka, A. et al.: Infect. Immun., 24 : 302, 1979,
4) Nagao, S. et al.: Infect. Immun., 24 : 308, 1979.

5) Tanaka, A. and Emori, K.:
1980.
6) Nagao, S. and Tanaka, A.: Infect. Immun., In press.

Am. J. Pathol., 98 : 733,

SART S FEFA LI IgE iELOFIH

A B =

DNP ﬁ;_ FERET
TR LR E,
(DNP- ox) oD
Vit 2 HET 5

EAL (DNP-The), oh# <7 A
238 K% 1= DNP-Jig7 A7 3 v
< AXEEL, $i DNP IgG, IgE
ExRRD EFIIERTTEL

&\ 160 ,“.\ f.
W N\ g DNP-Tbe
= J \\ ~ 100 ]
A -
& /  normal = 7y
w / 3 2
5 40 / L_g, F normal
/ a 50 %
Z / s :
[ / fa) 4
s DNP-Tb Be | /
«// 7 = C .'
20> e L/
- F
0 5 10 15 21 0 5 10 14 2
DAYS pAYS
B 1 DNP #EEERi# 52 X 241 DNP IgE #iff
EEAE DRI
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Anti-lg
column

DNP-Tbc

Immunization
l.v. DNP-
l1~2w

Serum

IgG class anti-DNP ~

IgE class anti-DNP ||
2 DNP-Tbe FE{ETHIfaOBAR XD

IgE Hifkpett o EIRAIH

DNP-The #% i 4 LTk T it X h i DNP IgE
FithO P FEN LT IIHEh 2 & ERPIb LR
foo Landicfi DNP IgG #ifho it £ fiflsh
friote?, K2R T & 5ic DNP-The 53 hie
<~ AD NG T filaz B L ohz ER <Y A
wHpE L, DNP-OA C#ud% & i DNP IgE Hifko
AN D & ik, DNP-The 5.1 & % 1
DNP IgE Hifkpet: o BRI IgE 7 7 AfiR
fhicy 7Ly v~ THESFEIRIERTH D 2 &8

q H2d

@

T cells

2w

DNP-Tbc

W OEHNE BEI0F
B 5 2 L7072,

2l Cfibhiz—@E o ek >Tzo IgE
7 5 ACERN T Ty — THROBEERL, oV
7 vy — TR DNP Hific x> TS h s 2 &
I oTHET T Ve —7 77 2= LD THEE
XD ENBHOYY, Fig, =0 IgE 7 5 Ak
BRIy 7V v —7 7 7 X —RPFEREE LT,
H-2 OHEREEYHEL, *OENMImL IgE B iiig
ThHbHZ ENHLMNEIRDT, Dz &k IgE FEE B
ANATY F==ILDT, SD7 7 7 Z—DiEMENRIT
Ehaz b LRI,

D7 s Z—DWREBLMCT B &, IgE B
AT A WEOBRIC L 25 DTH D, LT
THAIKREIC D7 » 7 2 =25 I & UCHllbaRh
HHAEA L, Tiobb IgE PikEELHIFI T2
7 vy~ THIRaR S e % b o T8 A Gl T\ %
T-v vh—<ffatky &L T, HMELO>DOV Ty
G—T 7 E—FRWTEHAT Yy Filllak{ErC &
BRLITTH D, MIITRT LRI D~

7Y v FHIBARER L, 2D ~A 7V vy Frr—V%
A7y —=vrL, IREEARINHT S 7V e v —7
> P B—EBWT B r—VvERWHLEY, Zos=
—~VOERETD 7 v 7 2= AOCTEOERE L,
D7 52 x—1% H-20 O HFEREEEBL, FFE
%7 55,000 TH v, IgE B filabiciiznr » 27 2~
T 277272 —=NEETD I EBRPBMTIRT,

PAEFE~7- X 51 DNP EAEHECEAL, ZhT
=y ARRET S o L2 X 0T DNP i IgE
PR REE 2 B IRAC IE 3 5 7 v v o — T filan ik
b, Lo TEREZLRDLZ L, HHT VL
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n
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Antj-DNP IgE Antibody (PCA)

g 7 10 14 21 28
DNPOAD A Y S

DNP-MTP

DNP-MTP 50g

Anti-DNP 1gG  Antibody ( pg/m1)

1 pg &—e
DNP-MTP 10 4g W—=
H—aD

(1)7 0 14 21 28
DNPOA D A Y S

I FA o—o0
DNP-Tbc 100 gg ¥—x

Bl 4 DNP-47 3 4~7 5 Fi#5c X 5351 DNP IgE Hifhpd: oo

Y RBECEAL CIh R RS TA L, TOoT v
75 IgE ko EARTZ bR, Ty
DEIEFE L IR DD TR D EWD T ETH 5D,
LA LEBEE DL D% e Mo#b4 % o LTiaMEs
b, FITHAIEEHEDOT ¥ 2~V MIFEERL S
BERABMTHDLLEINTHAE LT IANTF P
TEDOREXBH L, TibbaT INATF T
DNP-lysine ##A L, Z® DNP-4 5 3 VX7 5 F&
Hifeh Uiz~ v 2% DNP-OA c#gE L, i DNP IgE
VUKD REA: 288 Lz, K4 1Rt X 51 DNP-A 5 3
AT F RO G L b FEich DNP IgE HifkD
BEAIIHEIS s, L L OIEIEh i DNP-The
Bz X 513 8Lt o T eh0or,

FETHEAL ZDAT I ARTF PO IgE pedckt
T 5 IR A TR T B oD, FEREEICERR DR
BThdia—NLBEYAT INRTF FITEA, 03
arAf =N 8T IAPRTF FIZ DNP-lysine A
L (®5), chi~vAic#s Lt DNP IgE $ifkeE
BT DR L, DNP-3amf—1 . 45
I RTF FOR#EIZ X b T DNP IgE fifkpEd:

Mycoloyl- OCH,
0,
H-OH
HO
NHCOCH;3
CHJCHCO-L-Ala -D-isoGln-L-Lys-DNP

Mycoloyl -N-Acethylmuramyl -L-Ala-D-isoGln-L-Lys-DNP
({ DNP-mycoloyl -MTP)

B 5 DNP-3amAf—A+ 45330 PY)XTFF
(DNP-mycoloyl-MTP) Dfb#ExE

DFEIERCIZ b D 2 ERNB O L7272 (X6),
FIC B ADER LY, DNP-3=zrf~—L . 6T 3
ARFF FOREZ L IgE 7 5 AR 7 L
v —THIfNFE S h, £hZ X>TH DNPIgE #7
HROEENH I D & Lo 7c®,
Tuvarviekd s Igh fikEAREH 0T EL
TArFIANRTF FEIPPE7 L7 I vEESL, 2ha
YA BET A LR OTHIIE 747 3 v IgE

<

S 1280

E 640

8 320

£ 160

w 80

2 40 \

S 2

T X ) .

<

< 9 7 10 14 21 28 35 38

DNP-OA 10K D A Y S DNP-OA 104g
100+ DNP-Myc-MTP 100 g &——e

DNP-Tbc 100 pg »——x
Myc-MDP 100 g A—aA
Qil droplet O—0

E

g 7 10 14 21 2‘8 35 38
DNP-OA 1048 p A Yy § DNP-OA 10/9
6 DNP-izmf—Le A5 3IVPYRT
F FRRGIZ X % IgE FEA DN

Anti- DNP 1gG Antibody( pg/mi)
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| 7 14 21
PRETREATMENT
o--o | FA f DAYsS
»---8 OA 100H9 OA
»--—x WSCI OA 100 H9
e—eMTP-OA 100 Hg

Bl7 BATALT IV 85 IATEAL FRIRSC
X APIPA T v 7 3 v IgE HifkpEd O HH

M E5E B I0F

PUREANTEI IR AN E S st Lick oA, K7
CRT X 5 DALY X D HFUIFAT v 7 3
v IgE PithoEAENERCHHIhD 2 &, O
by Ve —THIRADFEIZ L 52 BB LD
72

DX DITHERE, ERREDT Y 2V MEERIZ
%5 ARALEWE 7 v ¥ — D B BERERR A~
WHRE L Ty v BkEA LD IgE JifkEd D
HEER Y BT 355 28 BV Th v =7 v Rk
%o

X Bk

1) Kishomoto, T. and Ishizaka, K.: J. Immunol., 111 :
720, 1973.

2) Kishimoto, T. et al.: J. Immunol., 117 : 396, 1976,

3) Suemura, M. et al.: J. Immunol., 119 : 149, 1977,

4) Kishimoto, T. et al.: J. Immunol., 121 : 2106, 1978,

5) Watanabe, T. et al.: J. Immunol., 121 : 2113, 1978.

6) Kishimoto, T. et al.: J. Immunol., 123 : 2709, 1979,

5. BCG-CWS o #1 lE % £ HB

REKRFEFAEE 3 IR

FL®IC

HERBCHIESS R HET 5 AT, BCG AR
FA B SRR BAE L e BIE L filebh Tk D, KE
NCI 170 ERGERIESRED 7 r b2 — L2 RR
BT 5 &, Slckfhuc BCG AR A D
T2, ThET, SR, WERICTEIhCE
%D BCG R DENHER B %5 &, BCG Wik
DREERRIERI R, PUEE R RAEBLCIXBE (A O M fuEE s B
FLT02eEZBRTNS, Wb, MERS %R
CEAS MR, BRARAEA T, 2 -1
B—7 5/ K57 av—naF a4 VESKLEE
L, ZhEHIfaReEiEsy, cell wall skeleton (CWS)
ERMFIL, CWS 1 ESINCIIERD & &, [RgEn
b RCHKE] & LTo BCG ofERiEEkoR LT
By, AyvRSY ATE, =0 CWS E5DECx3
D RIEFIERI T O NT, ERIES TOBMIC N T,
EEIR B E Nz T Lo,

RREBRTOWSR

Fxix, chE Ty A, 5y FORBEEREZHWT
184 DR HTIeDCTE 2~ £ENL, ACI/N v
b & FSRIEE AMC-60 e R T DR RE S R a B
H LB DWW TN TARIWOD 3 BGG-CWS

N ORI, BA R A
BOW % U A R —

DYRIERRER B A R BT, BEMAL 7 » IS
AR L, 100pg © CWS ZEBMAICKETEATS
&, EREOEMORIL LT, Vv T, mfThiEg o
WA shic (Tablel), BHES 2 Ml HEe L,
BRETEE,S CWS oA TR LW KT T &M
WNDIEB AR Th, V) Vv AAFHEGEBEAERCHflEn T
KO, 7y MNHEORE CEERMAER L, —7,
7y MEENC Bl BEL, Zo#% BCG-CWS
BIEEANEAL TN &, BRSNS, 4&F
A S IER L7z (Table 2),

5B BCG AL, <27 »7 v — st UCRIEE,
RIFFI T IE LR R <, S\ BUES IS0 T EH
THHEIR T3,

%z T, BCG-CWS % E# 35 » b JEREAIC AL
C 1578 3 Hi i (peritoneal exudate cells, PEC) &
EEMarREEL, EWT vy FOETEBEL CEED
HEEZRA DD Winn 57 A F&F77 5 &, Tables
CRT X S iEEMRENRO bR, chb i vive
CORREA RN 5 7cdic. CWS &L PEC T
in vitro 7 A b& {7827, PEC LIEEMEL (KR
TRAKRL, BEEMENEE o5 LEE 225
cytostasis 7 A bR © 15I-UdR % EE ML &
B L cytolysis 7 A baATRD &, ITHOIGHEN <
IR7 s =V BB HEETIIENHE LN E D



19804 10 A 471

Table 1. Immunotherapeutic Effect of BCG-CWS
Treatment No. of rats  Tumor-bzarer l\/flja:inltumor 1 Metstases in

ght (&) pLN*  P**  lungs P

Experiment 1. (Rats were inoculated with 1 X 166 tumor cells and killed on day 39.)
None (control) 14 14 19.2 9 10
Oil alone, i.t., x 6 11 11 16.6 I 5 0. 00085 8 0. 00954
BCG-CWS, i.t.,,x6 13 8 10.6 I 0 } 0.0217 2
Experiment 2. (Rats were inoculated with 1 X 106 tumor cells and killed on day 33.)
None (control) 10 10 8.6 © 3 9 } 0. 00547
BCG-CWS, i.t.,, x5 10 4 2.2 0 2
BCG-CWS, i.v., x5 10 7 9.7 | 0 3} 0.0198
Experiment 3. (Rats were inoculated with 5 x 106 tumor cells and killed on day 29.)
None (control) 9 9 34.8 | 7 } 0.0152 5
BCG-CWS, i.t., x5 9 8 26.8 ol .5
BCG-CWS, i.v., x5 9 7 o1 | 6 0087 5

In all experiments rats were inoculated with tumor cells on day 0 and treatment with 100#g CWS was started on day 5 and
repeated at 5-day intervals.

* DLN : Draining lymph node (Para-aortic lumbar node). ** Fisher’s exact probability test.

Table 2. Immunotherapeutic Effect of BCG-CWS Table 3. Winn Test with BCG-CWS Activated PEC
r Survivals on Treat ¢ f Inoculation of Tumor take/
Treatment ’ P toa ?elil dooro tumor cells with total rats
Total rats Day 40 Day 60 eriector cell donor | v imor cell alone 16/16
BCG-CWS, 100xg 6 3 3 None PRC, 1 x 107 11/11
BCG-CWS, 500¢g 5 4 4 BCG-CWS
None (control) 6 9 0 500p¢g, i.p.x 1 PEC, 1 x 107 2/16

A mixture of tumor cells (1x10°) and effector cells were

All rats were inoculated with 1x10° tumor cells on day 0 and . N
inoculated subcutaneously into the flank of normal rats.

treatment with CWS was started on day 1.

Table 4. Cytostaiic Activity of BCG-CWS Activated PEC
Treatment for Effector to Whole PEC Cytostatic index (%)* P
effector cell donor target cells ole Pk Macrophages
None (control) 5:1 17.4+ 2.1
10:1 34.5% 5.2 25.0%5.1
Oildroplets 5:1 35.0% 8.7 ng¥ik
10:1 58.0+10. 2 ns 38.1+8.0 ns
BCG-CWS 590ug, i.p.x 1 5:1 51.8% 5.1 <0.005
10:1 77.5+ 4.9 <0.01 55.8+6.7 <0.005
* Target cell number : 1x10° cels. ** Student’s f-test. ***ns ! not significant.
Table 5. Cytolytic Activity of BCG-CWS Activated PEC
Treatment for Mean peritoneal | Effector cells Cytolytic index (7)** Pk
effector cell donor cell yield incubated* Whole PEC P*%  Macrophages
None (control) 1.2x107 PRC 1x 106 1.2+1.0 —4,240.7
2x 108 1.5+0.4 —4.1£0.4
BCG-CWS 500pg, i.p.x 1 3.9% 107 PEC 1x106 | 28.3+1.0 <0.001 26.1+1.0 | <0.001
2x 108 | 39,2+4.4 <0.001 35.1%3.4 <0.001

* Number of peritoneal cells incubated in a tube before adhering macrophages.

** Target cell number, 1x10*

*** Student’s t-test.
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Table 6. Fifty Percent Survival According to Cell Type and Clinical Staging

Histological cell type Clinical 507 survival months Stati stical
¢ P stages BCG-CWS  Control significance

All cases 1, II, 111 13. 5(455) 8.5(380) p<0.0001
Large cell cercinoma I, IT, TII 11.0( 22) 7.5( 23) NS
Small cell carcinoma I, I1, I1I 11.0( 65) 5.4( 41) p=0.0008
Squamous cell carcinoma 111 12.0(123) 8.0(141) p=0. 0005
Adenocarcinoma II1 12.0(155) 6.5(101) p=0.0001
Surgical resection i 11 36.0( 24)*  23.0( 18) p=0.02
Pleuritis carcinomatosa “ 111 10.0( 32) 6.0( 55) p=0.016

NS; not significant with Wilcoxon-Gehan test.
* 75% survival months
Parentheses indicate the number of patients.
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