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I. CELLULAR RESPONSE OF LYMPHOCYTES AND MACROPHAGES
IN TUBERCULO-IMMUNITY*

Chairman : Mitsuo HORI

(Received for publication October 9, 1973)

In this symposium the role of lymphocytes and macrophages in tuberculo-immunity
was discussed.

The speakers and the subjects of their presentation were as follows:

1) Shigeru MORIKAWA

Response of Lymphocytes and Macrophages in the Establishment of Delayed
Hypersensitivity and Granuloma Formation.

2) Kiyoshi SHIMA

Macrophages in Tuberculous Lesions; Their Function and the Kinetics of Macrophage
Response.

3) Shizuko MURAOKA

In Vitro Studies on the Role of Immune Lymphocytes in Acquired Resistance to
‘Tuberculous Infection.

4) Kenichi YAMAMOTO

The Mechanism of Enhancing Effect on Tuberculo-Immunity by the Intravenous
Challenge of Antigens.

5) Koomi KANAI and Eiko KONDO

Cellular Response in the Mouse Spleen in Relation to Antituberculous Immunity.

6) Kazuhisa SAITO

Activation of Macrophages by Lymphoid Cells from BCG-Infected Mice.

7) Takakazu AOKI

Helper Activity of Tuberculin Reactive Lymphocytes on Secondary Anti-Hapten
Antibody Response.

As a result of the interaction between the specific antigen and the T cell, maybe
in cooperation with B cell, some macrophage activating factors were produced or
released either in vitro or in vivo. And the intracellular growth of tubercle bacilli in

* From the Research Institute for Microbial Diseases, Osaka University, Suita, Osaka 565
Japan.
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the activated macrophages was inhibited.
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This process might be the main way of antituberculous immunity. [Muraoka,

Yamamoto, Kanai, Saito]

Morikawa suggested that thymus cells in cooperation with bone marrow cells
played an important role in the development of delayed hypersensitivity and it was
found by Shima that the migration of macrophages from bone marrow was pre-

dominant and the division of macrophages was limited to only once or twice in
tuberculous lesion. This phenomenon closely related to the development of delayed

hypersensitivity.

Aoki showed that immune lymphoid cells (T cells) from the animal sensitized with
tubercle bacilli had the helper activity cooperating with B cells in vivo in the
induction of anti-hapten antibody formation and had the activity to produce MIF in

vitro.
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WESENEECHERLDOH 5o

) bR AMO X 5wl 2 b fatEs
FhritTEELbRTERLY, MREOARIINL
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L L BRI VL CORESEDTHT DR,
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<~r7v 7y —PRRVAEFNUBESHTRERF LD,
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D, F0%ERERATCERT 52, —#IXRE
TRCTHBZR S &I T\Whb, BHifkEBER A
JlR AR TR S hicd 0T, R Y V&
75 ¥ ORI FAET Do

THIBEAHR QEGR) F#ezd 5 & 52, 1
B, HELTA A7 7 FANEIRD, FEERITHIE
(Immunologically committed lymphocyte [Icl]) 1= %
THLTBH, IR EEL Lisve MiflaftiE, &
R 7 VA F — e R &I BEE R HT501E K 20 Icd

ThBHEIRT WS, Thbb [l 3567 UHRIR
FERDOHR LR UHER) ORBEZT T, =27v7 7 —
COEMCRET, EEEIEET, BEERFEee, M
FSARERT, KERCELZRT, MlEEERTF &
xR BEED BT L, FORKE MRREOHBAIT
~r7w7y —VOPEWEDID AL, H BT A
FRITEYE OMBREL D, FTBEH 7 VL F —
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HErBBHel, EMREERRTFOEE LHVEDT,
YL 2 Y VRIBRAE LIS & 5 IR RETO MRS &
TLHEMIN TN b,
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THIRZZHL, OB ZT=Biilars72~=7
FAY, F7ASHIANEGLL, BRMEDGY EET
BRIGERDE N ML TE D, 0 X5 nilfEy
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2IEEAYF+ Y 7 & LTHRREEY O X 5 nfht
B, Thbb 77V S+ V7 -RIFEL T L D
L, B#ifmz~75 vio, helper T fifair+ V7
— DM R TR ENR#T b0 L FE2bhT
W3

ZoVVYESY AL, RO XS iEROESY S5
20, BREOREDLDNLTVAF—R D X5l
ENDBMRL, WERMOWRREELBL T, BITEH
HEBUT, MELECIEIELVLEDOFETENS
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FRTHHONR Y CFIEHEND 1 DREFEEEMCE
Fllize THIIRERORE HHWIE T VALF~D §X
THEELMOBIERECHBTE D0, LWHIEMT
» %0

L5 0k, ERECEZAEL BOG AR £
DTEIMTR D BAR S ORI T B, FEE (BCG %
EDT) DMEGEHE, TOMDIRER T, cExT
oAV IEMLTS, BARAEIELRRWL, ¥
ToIEREE B B \ IR T O BUF Y B L7 By O MBI IR ER
E TR R L RO TN T &, TREDMDR T D
BHTH Do

ORI T AEERALO Rffe L e FiTas L
XF B, X UDIRRA R T a5 O fERE & &
Nz ka~re7y—UOMERLS, HEREDEART
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BAHEEIIKRFOERD—H LI ZATHY, A&
HZLFEETH Do L LN SEEREDL D LT VI
F 1z, THIFRES ORERIGREE OREDRE %
CLTWb00, BHIESORIERIZE AREEZ LT,
BOD, InESBEBFTTNEEOME % KR L T
5o

WRIEO BT EMY ThY), TOBIEVIITES
e, BEHOERTAEGUOBRT, Bk 7v
AE—RWERDPBLDHDOTND, Ay VEDY ADHE
7%, EEREFIIEE ORI b, BWIKOMFR L 2T, i
SEDEMIRHO BRI QE, RY VAPV A% A
HMEhtRAEECE2TE, FLFAESHTLEOTEE
WTH Do

1. BEIBHEEBFTAFEKRICEITDY /1 8kdé
*/A77r—CORBE(CDONT

AApgRRER & 33

ERORERS XOThIC A LB E LQk, Ei
LDE LTRDOESERDTOIh X 5, 1) fllatkbisge
B UCBIEALREUE Dy, (2) WtkbiikEL, (8)
PUERIC X B 7 VA F — SE L I RIAFRTH S
5o —JATEED RFFHED R R BB S DR
b L XY, REBSMRORITOMESY b Ich Lz
T BRERSTIITIEREE Y v oEk (T-Y Vo33R),
FEERY v 55k (B-Y v%8k), v7w7 7 —Y0OH
Bk 3FOREIEA IR T V5,

SEbhbIREZORETRSE D 124 UClllakks
xR R, BERREE O BNT & WHTBEICRT S
Y VRERE <7 r 7y — DO LB, ¥l
MR Lo EREME L T, T-V V3K
B-V vAEk, w27 w7y —VOHEERERDEFTL O H
TERTWBHBR Y AR AL, KO T EE2HR LI
(1) Freund complete adjuvant £ LC, fxDEH
WEEHEN, <7 ALK WTRE LU GRERREE - L
TORBERE (foot pad reaction) #HI7ZE L 5 B
ExRkdlze (2) 2FMbe F@iE7 A7 3 v (MHSA)
PR LAY, b BEC & e RE L RBER
orRBER L D MHSA %00 iR
W, REBERCORIRME Ml EERN~ e
7 — DRI A ERBIE Lico (8) MHSA HiJF-2HE
FIEFR% AWT, ExOfifal ADEREF ViR
~ 7 ACOEBEREFEEE B3 5 M laD @& ¥t % 177
7o

MHEELUHE

#y 1 CH =w R, Cy BL =w &, (CHXCy BL)
Fy X0t (CBAXCy BL)F, & Mivico

FR: e ME 7T A S v (HSA), vvmig r-7 =
7Y v (BGG), v~ 7=V Fv, VVF—2,
PHA-P (Difco) &D0#i{tEAME L A v, ¥ 2 Flic
HSA, BGG &3 2 #4k, WEOREH, BRES
1b22fy, ez icdbod Auvis, HEE L
<, PPD, Old Tuberculin % #3f L=,

J&fE : Freund complete adjuvant HgRy JEE Smg/
ml B H\E 0.3 mg/ml) #EROEAEK (Gmg/ml)
BERAL, ALY 3 vD 0.06ml = v AD JE HE
Rz 1 @&%LTQO

JEBERUE ¢ BER—EHIE L <, RO £ 2 B
0.02m! @ 1mg/ml FEEKEEGL, 24~48 K
BOERDOEE R, EAEHSETC 1/10mm O HED
Ay =R FITHE Lico BREHMDOERDE S %
ELOWT, BEEREOAEE (1/10mm) r LTEHR
Lico % RRCEENERDOE IS HEL T, BIER
FOEET 2 bRFOREE (mm) & UTERE Lo
WREOEMI FhZhfM L <, 2574 vEF,
hematoxyline-eosin FEfA % {E D, FHEMABRFC
B Lo RBRENPUR-MSIS @ IE% ~ v A DR,
gAY ML, ThZh 55 % K P oilnZEkx F
D, ZhifExDOREDCHIFEZMLZ, 30 HHERTK
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JEZ¥o Dt Trypan blue B Mz, MDY
s b L DETER HE Uiz BEEAMINLZ Y 2 -5
VIERFIC X DD, 10% <7 ARG % 0 ok
BTN Y » — VN TRE L, BEAEY RS
ADPREEMLZ, BREED~< 2 w7 » —DOOHELE
L, TOVRRZEAHE L.

MR A SR : Recipient RE~ v A%, MalRmbm
HXUF, Hic 800rad D& HRHLZT BRI, RAR
TV ALY OFEADIADOBA KT T,

BLY vosERUE : Coll = v A Jgli g & 5 i 5o
LCi87, BB v BkEifdka Fvico

B0 itk : CGH ~ v AfglRililas AKR = v A0 s
LB, $t CHO Hifk% Fivizo

EARECL DI RTORERGGEER BEE)

MR L7-EBHE, MHSA, HSA, native BGG, #WE
4£ BGG, FITC #3k BGG, 7 Vv, #E7 LV
v, VY VF~—.a, PHA-P, PCOgenase, PPD ¥ L8
Carrageenan ® 5 b, b %E L CREERIGZ RILE L
¥, FlERLzo0ik MHSA ¢k 100% i© & B
N, TDKREIHKTH Do PPD TOERTIT 60~
70% T, £DOKEZL MHSA o 1/3 UTFThHhotc,
MHSA % Freund incomplete adjuvant % i\ ~C 3%
{E% BRI LT,

BB ORI 7 = V v, MHSA, Carrageenan
WEPC AR DN, Carrageenan [3ERERIG % €L
DI, 7 2 VFVIETLDOHBEERE LT iehDt,

HBREALCKT 3 HEREESERBO RIS

& PSRBS54 MHSA 12, [, M
MR CEEEE B L Cnie R B A o B ik
PHA-P %fr&, Wihd L5 LicEERELEL O
3 Dtco —HBEBEN~ 7 w7 » — DRI BREED 5
WIREIS MY 7 = Vv, #FF#: BGG, Carrageenan
i, MHSA % X0 PHA-P o ih4sfe b i,
HEHZ 7 = V F v, Carrageenan DfEfILTy L AREEM:©
BT

MHSA 3 X0t PHA-P 3 ERINABS KB L D,
EF~ Y AMEEBADWLBEREECLZE a5 h
7o

MHSA <> PHA-P o glgiifia-emiERm 3 5 5
FELE, F 0 RBER G % BRIz Lo W EE = Blast-
transformation % FHEEMRTLL5cd Exb
Nbo —JF7 = VF = Carrageenan O~ 7 w7 5 —
DEERIRIERTO WFRICBIRT 2 X 5 th %,

RTIRADRERG & ZORE MR
BwxDAMD Cy BL = 2%\, MHSA »#E

B OB48E F11E

Fig. 1. Effect of Aging on the Immune

Responses of Mouse

mg LOgZ

0 1 1 L L 0 Lo

0 5 10 15 20 M

o-—oFoot pad reaction (4imm), *—*Local foot swelling (mm),
o--oWeight of thymus (mg), s—aTiter of hemolysin immunized
with red cell of sheep (Log,),

I Representing standard error

Table. Foot Pad Reaction of Thymectomized and
Irradiated CgH/He Mice Reconstituted with
Various Cells from Sensitized
Syngeneic Donors

Group Reconstitution Positive /tested
Anti-0 treated
0/5
I spleen cells
Normall AKR
I serum treated 4/5
spleen cells
BM cells T
1t LN cells 8/5
LUT, BUERFTORIER & RIS AR L, WR

& U TRk 5 EimBEOEE YR B~ w7 A
THN, AR zhZho BlipcolliE s WE Lk
(Fig. 1)y JafR @B AR L IR LT 2D & 135k
2, RHERIEIL 8~10 AL Y — 2 %R L, AL ¢
DO DRIEFIND I B & & &Rtk Lico fifadtkic
e U ORIk T h BRI, BRI R OB
RETRE IOl

Ml B xR PERIG DRAT & BT <, T LAMDH
BD X 5 G b2 B8, = v A D REERIG D
BRI i Bl BRI O BE 5 AL BT b B & & A B
I Nio BIEI NI~ v A1e ALS % HIRINEE-L
FREHZTL &, HBPEERREMEL# S I hiz
ORI LT, RIS MBI S hic, & fE~w
AR AT 7R, F0#% 450 rad, 600 rad, 800
rad LRI DMBOBEHREZ ST 2 L, 800rad iz
I RPERIGIT M 2 5h, 600rad, 450 rad ¢t
BIIE U iHIn sz S iz O UDRIEShic<
v ADWEMEAZE D L, Ml E %% v 1B 0 Hitk
T, 1BHZIER AKR = v AMECAEL, Fhifhi
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Wi, R~y ABA L, 2 H# Recipient
REEEHTOWEIERIGY#ZET 5 &, Table D&
<, VO MBEMBRCIIREERICIZE I S h T v
Teo Thobb REERIG O MBICIE, HKAESHRIC KT
WrEFTD T-cell DEFAIREI T30
REERIGORIL, F78bbREORITIC b Wik <
I X 5, WREROMEOLNEWRIRD L
Tro MUNRHEH, #WBS < A% 2X107 =20 BEMao
A OIHRE, 5X10T 2 DEMID K TR, 2X
107 = o FHififias 5X107 = DHgiEfiachii>7/c Bt &
o, ThXhiEfs, RERIGETTS L Fig. 2 0 X
51, BHMIAOAR TIXRERFTORZFLMEE T, BEE
FISE & A EBNLET, Fiilaciigiiaz o<
B CEE4 78 RBERUS D BI MR S o

(1) BB £M@HFRH, MHSA 23k b ZELT
=V A RHENISE R B L 2 i,

(2) BEFShfE MHSA 13 HSA 1 Hls LTt
FEEDETE2RL, —HREdE, miEEa & o B
M, BREA~ 7 v 7y — P ORMA IR L

(3) BRIERPCEEOAFLTER T HHEET = V
v}, Carrageenan LA IC RN~ 2 wv7 »—
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Fig. 2. Requirment of T-cell to Develop
Foot Pad Reaction
mm mm/10
V7 1.Local foot swel.
81 150 [ r.Foot pad react.
6 L
- 10_
4 L
5 .
2 .
0 O M eell <
ce Spl cell
<Thy cell pl ce BM cell

R LR BEE AR Lo

(4) REERISDORIL, HMBITmES ko gEd it
LT XD RERBENNETD bo

(5) RPERIGD BB e e AE T e 2
3% T-cell DEJG-2REE S i,

(6) RBERIGD AL FalE kA & 588 Bk
ROBEALETHS 5,

GERBFIEE : B - HHEES)

2. #EBIBE(CH(FD macrophages O #aEL kinetics

RBA KSR S L YR}

< 1xD Metchnikoff 1= X h #1d T, FEEEE w3
BHHEEBGRED, macrophage © X O C mediate X v %
ThHH5Evbh Tk HELOWR B S h, &
K, BTV voERE OBSEIC ST, FIREEM, 2205
PEFHNC H BR B B HEN DT Ei,

Lurie? ZFXEORIMRFE % i\, HERED macro-
phage 23, MEBEBEOBEEAHIEL > 52 &ML, IE
‘i macrophage LHSFMFICIL, D BRORNC &
wRL, Fl, ERRBICHKEYERES €84,
extracellular bacilli % &HHDLDICK L, BERE
T, ORI L InDTnb & L &BDI,
i bIEFIEDIRAETLY, macrophage DIEM:DRE
MEL, BEEDEN, BIOERHEENLMETLTWS
DEELBNB, TD X5 IEEFES L T, effector
cell & LTif<{ macrophage @ kinetics % §&ZmiE
DETERT S5 2T, WEFREVROBT»HAEE
TP DT AFENOHEE LIy =—~ (1) 24
WHFHIRR, ZOBEED 5 2T, EREECET S
macrophage DREE R #E LT &7\,

FERENRPTCRA U, Halgmsk o @&iE T cell

& i

2, CORKE LA, BxOWEERET 5, 3k
#%H chemotactic factor %3, macrophage % JEE 5|
£, MIF REeh% RPTic e £ ¥ H4, macrophage
activating factor 73, macrophage »iHf{bL, & &

Fig. 1

&T cell (Cellular hypersensitivity)

th-bacilli—s-B cell

= Ab formation
3

Chemotactic factor~Accumulation—\g
MIF Retain MN
MAF Activation / (Cellular immunity)

Mitogenic factor
T ceIl—-J

:Local tuberculous lesion
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Iz. macrophage DERFAE Y, FiZ mitogenic factor
PREES TN Y voRik%y, RESAEIE, B
NORERERIE, 2211 DOBIKRE » B R 3
Do THO—EDKIGH, Wid D cellular hypersen-
sitivity <©H D, FEEE & W 5 HFIC specific 7 KIG &
W %o —HiEM kL7 macrophage 3ERZEE & B A&
L, +D#4%% lysosomal enzyme iz X ), BEx L
T GEEA cellular immunity ¢4 D, Mackaness®
ME 5 2 L Listeria, #DOMOEIC < &\ 5 non-
specific 7RG ETe %o TD X 5 ALY v 5k
& macrophage DT DOE &1z X h cellular hypersen-
sitivity . cellular immunity ® 2 2DKIH L D B D
VDT WABHEELORD, D EOBFLEEL DD, %
B AEIC 381F % macrophage M, R I COSE,
WHADRA I X ORHTOIERDO MBI W THRE L
THE, ZORFERICHETHERTEY L LT,
REOEMEA ## L 7= BCG lesion iz 2\ T,
lysosomal enzyme ® 1 2Ch % [-galactosidase % i
SALENICEEB L, enzyme activity %, ¥ 7z tritium
T 5L L7z thymidine % T 524 3 X % macro-
phage DEj X Z#EHZ L, iz Ziel Nelsen BHMOH 1T S
ZEWREIYVFAE—AFAF ke T, HT grain, enzyme
activity, 5% FIFICBIZE Lo

1) macrophage DEM:IZDOWT

REDOWHEAD BCG lesion oW, FOEHEY
RRRICIE LR, 27wl 3TRARERD, £
DD BCG lesion H1od macrophage 2> % lysosomal
enzyme ‘Ch 5 [-galactosidase @ activity % #H#%k{b
FRREE LI L A, LOEMHEIE I iz macrophage
DEFB 2L ABOBTRALRY, ZORETHR
HHRES1 370 b cellular immunity 3 & 7258< 700 C
Wb EELZ bbb, —Jf reinfection DAL primary
infection X »{%E#:{k macrophage O%[411 18 BT
=205 0, 3EBUBIMICETLT W %, T
#H primary infection Wb LREMICE b F
DL TR LS RAELDORELRD BRI D,

2) local division

Cellular immunity 2385RANC 78 5 7diiL, RFTH
B~ macrophage D AR L OTHEMAL 23 FERER
THHN, RO OB ¥ 7= effector cell p#%
BX o i CcEER factor LE 2 BRhbo RREROEFH
HP9D BCG lesion % biopsy L, 37°C 1 H§fl, 3 &E
DELFET T incubate L, P-galactosidase ¥ {fids L8
tritiated thymidine =%t L 7 8% develop L H. E.
Bt L, JRERPTCO macrophage O 4 Br hizl T
5, 2B EMETHEACTHhI TS T & 2 Dl
—7J Radiation %1307 D J& FF © 43243 1% control
L, ETFL Y, 7, fiRs e > &, BCG,

o 48 % B 11 E

Fig. 2.
pAGal(+)
MN
%
Zl % pGal (+)
sol *HT (+)
MN
2.0%
45+
1.5
1.0
+ + O T T
it ensit . + ++
pGal intensity " -+ 18 T 34 Days

12
Age of dermal BCG lesions

Ravenel, HyRy OBEAITDOWTOHEZENL, RIEFRED
Bh, ERBEEET, JBEOEIBDHLRTHRWY,
Wiz enzyme activity & ORREZAE A, 2HE =
TlL, activity O7WREI D macrophage O 43 ZUK.
BEHLORR L, 3BARKRS &, REME X ORI
DM AR TH Do DT LIxF\ macrophage %
DHS 2377 LT, T7abbi LUWHIlE 2V HRE R
ALTfT, Wik enzyme activity 23 FH LT\,
cellular immunity 23R L TW S ERRLTWDS &
RIREh 3, (M2)

3) macrophage DJFHEADEADMIE

Macrophage 2MHEHEA~EE 5 Z L1k DHS o FEMI-
CEBBRORRE DR EY), ARSFCIOTLES
Ihs bDr#sbhb, BCG lesion A b macro-
Phage DR% %57 BCG A X O 6,14,
27 H Hiz tritiated thymidine % #: flash label L,
FDRD5 AT, lesion TD F XL X iz macrophage:
D% Itz & & A, labeled macrophage 75> HHT L <
B A2DC & 7= macrophage @ total ¥k, 6 HT
mREIRD, D 27 BHHEZ TEORBIFE ATV B,
DT LIt D% A DHS MBI kb, RS E A,
F e DAY, B L\ macrophage DREA & fEL.
TWHLH5EEZLNDEY WO AFHENA DT
macrophage 2%, J7 R RPTCHIEI 5292 2 Da 21T
D=t A, BCG &1 H B, HYT ¢ flash label
L4, 4 HHT?D macrophage 1 =rhd H3T grain.
DD, 110 P EFTERLTHWE0D1CKL, 7H Tik
1ZFE5E TOWDEIR Lo LasL 14 H, 21 HTI,
ZDOWADBECE AL FR D b g hr2les W 2T
macrophage %% BCG lesion T1EIB AT 2EFTL
DHELILNZERYREDOT WD EH 2 b h 5%,
Reinfection DA OWT R E LizdE & A primary
infection “Ci%, labeled macrophage %3, 4 H H® 30%
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b, 7THED21% AT 5D L, reinfection T
1%, 80% &9 10% ERELBAERL T, $b
% reinfection T} primary infection =}t L labeled
macrophage 373> B3 L < JFE A D7- macrophage
REREIHDP LT 2 EERLTEDY, BMHFEON
RAERED LTI LT BEE LR,

4) cell death o

Tritiated thymidine % flash label L7:%%, 10 H[,
BCG lesion rz4: %#%D7- macrophage D&% Hi- &
%, BCG #£4E%%, 14 HEDRE CEAIK cell death
MO T D T & Ay 27,

LB T &4 2DHEE T H % macrophage DJf
(b, RArCoSE, FBEADRAR X OFEOMBE D
WU L7efE R, RICBRB L 57z 22540
EEZDBND,

Bff o7z A DHS A5 &, FThhi3 & &
DESTEBEHEL, BLHL Y v ARIHHT 24
® mediator DEjX Iz XoC, ‘F¥ L b BCG lesion ~
® macrophage DEAINMEE R, 6 HBAMET, D&
AD EENRRLLD, 21 BHZ AXD HELT W &
WHREBEIE D, 2B AME TRRERECR LT
macrophage DFZAVERA L 7s b effector cell O Fj H
D—Bhkinh, Fiz, ZORIc—% LT, macrophage
enzyme activity @2 Tk D, K H $H X7 cellular
immunity $ ¥7, BSBbRTETCWBZERRLT
W5, reinfection DFEIE T D D B accelerate
SR EROTWBESDEE L bRb, UL 28HE
Z 5y macrophage DFFTCOIERS ¥z, % <&
DHENTNDHZENL 2HEEREE LTERHI Y HLL
macrophage 2VHHTNREAL, BALTIRIEA TN &
WEREBABAT b Tnb 2 &% R L, BCG le-
sion &35\ »C macrophage 73JE# 1 dynamic IrEh
EITIDTNB T &b,

Ll kD Z & & BCG lesion |2 31} macrophage
dynamic 7 fBEX, DHS OFEELTWAZ LickEl
BHINTWB LE 2 b, BAECKT S cellular
immunity & OBJ#C DHS 3EERMBFREHLHE LTS
bDLELZONS, FZTDHS # @5 FEE LT
Tub-R 235 % 2%, fZAFTIWTLF LY immunity
LIRPATRIRIC 7 <, Mackaness 4 % % B 5 T D&
parallel THZ L2 TE Y, ANCKF3, HoEo
BWEHEDSEA, BAD factor X b BT
5HbDEEZBND, £ CHEKDOER 3 54%kD DHS
- OREEHR LS EHNT, ADOM#SKIE % L, DNCB
test 1T\, LOREEWHMX BEDOLITH & L,
DNCB test & DBIfRIc oW THRE ST 2o% (F 1),
B X 2 LdiEds L ONBERE(LL R Liciic, DNCB
RO DR, REDTICEENRE & 5 HFN
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Table 1. Relation between DNCB Reaction
and Clinical Course
DNCB reaction
Total
- + H+ o
7
Improved 16.3% 15 10 11 43
Slightly 10
improved 45.5% 8 6 3 22
Unchanged | 14 3 5 1| 23
g 60.9%
Aggravated | 2 1 7 5 | 15
13.3%
Total 33 22 28 20 103
Table 2. p-Galactosidase Activity of Cultured

Monocytes from Human Peripheral Blood

Type (lios'es()f Neg. | Faintly| 1.4 1/2
B 19 57.5% | 28.4% | 11.3% | 2.7%
C 5 62.8% | 22.4% | 12.2% | 2.6%
F 2 55.0% | 29.0% | 11.5% | 3.0%
Cont 5 64.8% | 27.0% | 7.6% | 0.8%

RDObhic(FEL) COMPULEEL WL ZHLEbIS
2%, FEEEREORBIL Rich 2R THBZE L, BEa
DRFIER SR, ThbHD 5 BT, HEMEDO—FE DL
COWTHE2SHE, Zhik allergen OF¥s X OMEGAED
hypersensitivity * ORI L DT #EDOT L B L E
2 bhb, Allergen DEN, EEEOEAI1L, caseous:
necrosis ¥ L, fHECE D TCRFIRKIERE2TL %
EFExbh, TR allergen B2AEROEHAL, W
E D macrophage DERE, BIENED, Zh b defense
cell L X VBB ANS bDEHELBID, —F @GS
hyperallergic DE1EH & 5 & allergen D B 235
BEOBE LEROCABORIGE Y, EHERCRFE &
D52bDEELBNBT, 7 b cellular immunity
Di|&4L LTCEL DHS 11, EEE>T, FORE
PETEDL, HPLOTAFREE b TREREERD,
EALPlT DNCB G2 Hilck wo o ki, BXd
ED B IRBIMAGE TR O T D Tk L HERN X
hso

Cellular immunity @ parameter & |'C macrophage
DIEMALDORAES, B-galactosidase ¥ fa iz L oT, ¥
i@ monocyte [T DWW THRF R B % fe s R X D #7
B L7z monocyte % 3H;HIEE#E L, cover slip iz f3%
Licd Do BB LR, LOFEMIE, lesion o
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macrophage X D, 5L isAbb@AEDLRTE D, AD
IS E DY, FAHE B, C, F it ofE:oZ£x
BD T, EEANRIC L L 1/4, 1/2 77 A5
PRLVGEAEH D, KR O HED, BCG #ERT,

FEHALDE W ORSWEAI SO (K2)o TDO R
B SEEICBE Y s bie sy, EEE T
‘Tuberculin like product 2\F P IciH Xh, BEEH
IZ. ¥ 7=, cytophilic antibody % /& L C, B % \» L
lymphokine £FiC X D IEHLEIhTWAZ EAE L DR
Bo Bic AR, EX, B OWTHBETLINL, »
“Offi{k [ iz monocyte @ 4 3~ % lysosomal enzyme
activity DFRENCENDH S L b E 2 bh, phago-
cytosis ZEDMBEX M2 BRI VBEHLTWE 12w

w48 E H1LEB

k%kf\z‘%o
X [
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3. MEBEBHBECETIREMEY AHKOFRB(CONT

FMKREREESE N M B T

I # El

R B % < DA 2 DERZIRRBT IS D BIFIT DU
T ER T & I8, Thbik ks EAafiakc
macrophage (M¢) L& H & @ host-parasite rela-
tionship & E/ABige S L Licb D THDlzo L LE
JF Mackaness H{E< 7 AD in vivo DRICE T,
B Y voSHIfZD passive transfer 12 X % IEH < 7 AN
DEBRIEOBADWEEL, LD X 5BaE, &
FERGBEG D s & B Bk E o2 L BRL
Jro ¥ 7z Patterson & Youmans BHUE in vitro ©%
TR T BIEE Rk ONEE M & IEH M¢ T,
T DOHRCRT B OO REICITZ L A L2
Wz ERRL, BFEORY vosiiian M PR
OB LIMEISIRE b o2 L 2RE LT, £Z
THEDBIL, in vitro DR TREKBERE~ v AdkD Y
VRERAME R RS TR e & D X 5 e EI R R L,
ED XD BET M Kb EETHONEHEL
TATo

II. % & # #

© EBREW ¢ Cy BL/10 i~ R, 6~8 @i, @
FEE - e PR, HyRy, v — b VESHITHRER, ® M
FaszEsey © medium 199 BN, SEFFOE,
=v ) Vi E®Mz, 5% CO, incubator iz pH %3
HLizbDo A VT PvA VYRV,

III. % & 7 &

@ =V ADEIEE  WH257 4 v IRE INEIEH
HyRy 1mg FoR MU BTG 2 8% oC, 1mg

4B BCG R EHEBIMAE Lo 2~38 BHEREEB M
M, v vEiREERET v ALY, TLTER~YVA
b B ERER L 7o

@ ABaEEFE R « &9 5X10° cells/m! o I T
¥ 0.3ml 75 AF vy 7 dish HOIA—RAY v 7
TR 1 IFMEERREE, ~v 7 ARKTHEY, il
Wrkz# L C M¢ monolayer k3%, ¥ — b vEHEE
RO VUEY N I AECERLUCHEBERE Licbo
%, monolayer i 1 EEAS 2k, »~v 7
AR T L RIS E AT 50 CDRiciEAD
Y vogiEia (LNC) % 1X107 = % 48 Bfffih s
22y, HBWE LNC L ZoHR LD 24 FRESE LG

Fig. 1.
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EFCHEEL, Mo NOREEKE OB~ DR
i R BIZE Lo

® M¢ PIEHEBIEIE D & : M¢$ mono-
layer tEAI®HLX0H&LT, 8,5 7H
L duplicate tH 3~ 2 ) v FYHEEL, HiEH
Beft, FEOTF — 2 FRELITVKAT VT
— &35, MIENCEL S AR 100 =D Md
NOBEKEH %, Thi o B LIELT,
EEEOMRNTFIEREEE L LCEE L,

IV. 2 B # R

@ BfE Mo Micsstt » EE oM, 1
W M RIcIsid % HAE L b L5 S hiea,
WEDHIE D — T E AL FTTHD, FIT
BfE Mo DIz 5 BNBRBEEINE L EIX\V 2T
DDt WIZIESE LNC % M 1z 48 Bl 2 & %
L, Mo HIER, BfEfRechrrnbb & LNC %
Mzicn e 2L <, MaNEOMEEIIFRT X<
flehico LHLIER LNC iz ChZ0 X 5 ey
HNEOMEMENTEDL T, D LAREIhBEITHD
7o (K1) CDX5EEY 6 MEEHEEL, Mo A
EEEOMIEIHREI L WO EE»LE LD &, B
M@ 1ZIER Mo i L 20% HRIPSIE o B9mim
HIRETI B, EH Mo gl LNC # #ihse s &
IEH# LNC ZfEfh X7 & Sicth L TH 60% EEHAEI
HIEEIAR ER L TR Y, BKE Mo wikfF LNC % Hfil
GBI, ¥ LNC 238t Skl T,
¥ 44% MHEETI R R S8,

® LNC % Mo 1 48 Fiflifikx ¢ % L &, PPD %
10~20 pg/ml iz % &, RE&fE LNC 3 M¢ ot LCh
B BETE D IMHIEN R 2 R ST,

® LNC k PPD 2% 24 BRfJiga L, TO®ELE
% FERE AT 2 IS A, M¢ monolayer i {f

¥ 5L, BfF LNC L PPD ok EiF X IE% LNC
Fig. 2.
% Sensitization with
70} The. bacilli BCG Tumor cell
. ‘ | &G N
o R |
S 60 I-M¢
Ea | ° O N-LNC
87 50 a N @® 1-LNC
v .3
5%40- ® a At day b
£ ® e At day7
.; _;.; 301 N ° 0 At dayl0
Ter 22| e 2
= 3 a
= E
ESI0F & 1. L
g
[
I‘Sup IS:p ISup Ag‘g ’
N-Sup N- Sup N- Sup O N- Sup AgO

Immune lymphocyte

O

Normal
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Fig. 3.

A hypothesis for mechanism of immunity in tuberculosis

Normal lymphocyte

Tubercle

bacillus

»Tubercle bacillus
Activating factor )j(

Normal macrophage

Tubercle bacillus

macrophage

Activated macrophage

L PPD L o535 B LT, M % b »REE KT
FEFI O F L E R B & & 2VbDdyDe, L LEIE
LNC %E# M@ monolayer Ic#fil X 7-BE&1Ic N
5 &, EOHFRL, RRAT0ERRbhi, (W 2
EHD I T A)

@ 524 Freund 7Y . v BB LY v-1-7
w7y v (BGG) 200 ug TRE(EH 10~14 H D~ A
DREE LNC & BGG ¥ k%, H5\ %k BGG &
g LNC r BGG } % H#: M¢ monolayer 1T 48 [H¢[E]
B s o4, TEH LNC L BGG & 0 & bl
LT, Mo RIEREOHE S H 5 BEMHT 5 & & 23R
Ehico (M2, EFDOAT4)

® CH ~v Afkft o MH 134 JEEH CHREL 7
~10 H#DFE LNC &, 5~6 [EfERAFELHE LT
e ot BB HIEIR & © 24 BERIEE LB 2 (H K
% M¢ monolayer fEf] SR EA, BB WITEEE
g LNC X HiJf & #E#$ monolayer I iz o8& b,
2L Y IEH LNC LR E oAEOHBARILLT, S
FOEXIBHHEOD M NEOMIELIME 35 2 & 2%
HHNEL Do (K 2, HWRDOH T L)

® EREHMEERICcH S cycloheximide % strepto-
vitacin A ©, HifAOEAAHKN 0% L LEE Shs
L Fc, LNC %413t M@ monolayer iz LNC %
BEphaenl, E LNC © M WEHEBIEIIHIL)
B KEsFbh Tl & O HEEFQEED LNC
DEFERIE, RN INC OZh iz L A EEN T
EHFEND TS,

® EfE~vARED LNC & PHA 1pl/ml % %\
1% concanavalin A 2 ug/ml %, EBEEYBIAAL R
M¢ monolayer i) 60 Rk 4% &, mitogen /¢
LCIEH LNC &hnx 7=3&, &%\ mitogen O &
M B LT, Mo AREKE MM S h
B0, WMEEERE LNC REEEM IS Ahs
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&, BERLTORINIEEI DIz
V. &8 & &8

iR X5 A REREE R S, SR S
RBIFBEIEY voBke Mo LD BIRIKEIT D X 51
EHIN b,

AR CRIE S Rie~ v ARKBEMEALTE
T, 3 Mo 0 X 3 hBEAMBACEAEh,
HEREEO—FIMEAN T I I BE 2 B TH
55o DX Iefifast~EH S hiciR &, Miatki
FEDOTECTFFE LI EIEY v BRA &5 L X
D, B&EY VoA trigger & 5] 22T, EERMEY
bactericidal # A\ % bacteriostatic 7z Fmic (L X
5 X5 BERTFREET S EE2bRS (RN 3),
L L 2 ORERTFOEEET I E R E 3kl
V VR B EEE M 1@ IE LT inbhiciz
SR RNIEBEDRELE LN Do 7t ¥ Tn BIXKSE
LNC % M il S @8 ac e~ T, BifE LNC
L PPD p#5# bifh Mo Bk xecBa:, M
WNEHIEMH NS 200 ThH b Flo 2D X 5 7k
HFxERT Y, BEEGERZOMOREEENE
HEEHNTHEBERD L L, BEARILEN % B
WeRBR XD, HARERBING. RICEEY v 3R
& TDPURDEMAVBERATH D & 2T, FHEEEL
HNOPRDREIEY vV jBRE ZDHRTH DT L LE
MDEWHHETH B, BEEE—ICEERE Bbh b
BGG <fEEMMITCHREL, FORBAMAE 235 S
W B D i L7z LNC k% 0 B RHFRO 24 BiiissE
Ered, NFoXiH BT R E L Mo % bactericidal
2 B\ bacteriostatic I RIE T 2 ERTFRE TS
ZENEREERENBREIND DT, Y VR EZOH

M BE4eE B11E

JF & DRI RN R TH BLEND B, 1
By vABRR HER Lo trigger 25 [h T KR
FrEETHE, TOWERTFIZD S 7 E nonspecific
1w Mo IG5 EBbhs, LrLIERY VB
% PHA % concanavalin A ® X 5 7z nonspecific mi-
togen CHIE LT U % lymphotoxin. ® X 5 7e iR
FiX, DHHEER Mo wiEBEHEIH O F e b
SREH, L LEeOBEIEKEREY v BRrEE
M WfEH &R ERLLTEZDT, 2D X 57k
lymphotoxin & BICR~c X 5 B HEETF LI E B
R HOTIXIR WD EELBRS, LHLY v BREH
R & Dz X & b il o MIF, SRF, chemo-
tactic factor ® X 5 /i@ 4 O HRT & DEF DU
Tk, 5% COEBRMLIIFLTILIL W,

R AEN D X 5 e ETEEHEL Y %
NEWI B LT, HLNEE WS BOIL, Y
R, MR, FoiRREEEMR L CE A
DR FEELL 5 5 E T tooMb Lz X 5 7 ikfE
Y VoSER, Mo D X 5 TeE AN BIES MK
EERBEVHMEFTHERLTNWE L WS T ETH B,
Lo L 2 OBELSNE S P R B i il Bh el
FRELTWHZELTHELBbRDL, EfAEORK
TERAED 5 NEREEY v B e Wwbhh 3 DD0dc L B
B ENZ D5 BIn@EINRTWT, BHRERCRE
Flefgh < BfE Y v _ERERD, & X BCG o4
PR hmd L SHBELSTL, BEAECIMOBERN
W B RN BT &5 X S IR b %
bhbe Tickh bR H AR RO iz b BRI A
DRHDOT, TOHDLHEELT, BIEY v B2k
RO LDl 20 =R A THEWHFEACE TS EE L
bhbo

4. OB T 77— UCAHBEEERLY RIHERECLD

BRMEREEROKE

B ARSI I R —

BCG cell wall #yERE < v AL OGS De-
layed hypersensitivity @ in vitro OgfE L ST\ 5
Macrophage migration inhibition (MI) /R L, &%
B0 Airborne RYUTIRNEHIMEE O L 2T CICHE
Ml LT AT, TDRES Y ARG HIc %I
FaWET5 &, Mo MIEER - LEET 21
% 2 B R OBIR AR Lico & DRRED A
=R+ 2 OBKOBFCoWT, MlgkkaEo
SIS BREY v Bk E BUROHEFA ORI Sh
5HRFIe X B Macrophage @ Activation 23 B &.3%
DTHHHLBEL, TOBLBSTHE4DERD

SRR B ANl
Vil %

TRCEHWE CFy ~ v A% A L, % & 1k BCG
cell wall oil-treated v 75 v 150~300 ug % »
DUVEETEM Lico 20K, 8~10 HTHEB I it L
foo O fli, Listeria monocytogenes cell wall % [A]
Bz LT oo BHEPLR i 1: BCG protoplasm % %
3} Listeria monocytogenes protoplasma % 15~100
ug, O, FEFRFY VoS IRFIEFE ¢ H % Phytohaem-
agglutinin PHA-P 0.02unit 5258 X2 TRV 0
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Footpad [ZJinicit PPD % %\~ BCG
protoplasm 5 ug % RBEER WIZES LT,
S OfER Y 24 BRI IUE L

iR GED A AKEESHALD ER & D
2T/ Lo Mlifiiad MI test i3 # #8
TR & EF ~ v AR RS
2R E, BHE oM, Sykes-Moore
i chamber ¢ o fiiE 15% I Eagle
B E O Z & {fFe07z B
{EMiEL BCG cell wall 4 5~ 7 A
BCG protoplasm 50~100 ug #1E 24
HItRIcER-E L, 56°C 30 ZrfiinEdEEb
LT U 7z, Airborne challenge 3
Tri OREFERRGEE % v M. bovis
Ravenel % 10%/m! 30 43fij—%E D &4
TRASEI FEBED BT AR
H ks X OUEGeEE 2~6 H ORI GA
ABEE 2N AN e R
X D RDI, in vitro OEERIFHT
5V VARERE LTY vosRiiaEEg s
i hico ZoMaFER: PPD 5%
Ui Listeria monocytogenes proto-
plasm 30ug/mi % 37°C 1ERIABRE A
THEMIE, TOFEEF~ Y ACHE
BALlo %7, monolayer HifEsEEk
TR R 107 BEAER 3cm
D7 w2y« T7IARAF w2V % —VUT
37°C 1 K] 5% COp-incubator HH-GHL
BLL, Thic, v+v— VIEfEHA,

PPD % 2 WMEBURIE L & I 2 7e & D
AR DHLE )% T~ o WRINAIL 2455
f] 37°C5% COy-incubator Hr-CE:fil X ¥,
Hanks G kY, Ravenel 0.1 mg/mi
BT K © 800 [E1HE 2 43 i i i % n
% 1 FHAE STk, FOFY vim
& 15% Jn minimal Eagle’s medium

T 3~4 HE:E, UEHHE, YK 1ml
Pz AR E»L, O lysate &

WM R F W TR ER T
TERE OB O R R HE Lo

£ B K &

FERA  BERR &~ v A DRREIRGE
DIED ) H3do h 2AEGHBE R & D
X 5B LT B 1D,

Fig. 1.
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Specific Effect of Antigen Intravenously Injected on

Development of Increased Protection against Aerosol
Challenge with M. bovis Ravenel in Mice Vaccinated
with Mixture of BCG Cell Walls and Listeria

Monocytogenes Cell Walls

Antigen injected

Number of viable units of Ravenel in lung of
mice 2 days after aerosol challenge

30 50 80X10?
T

BCG protoplast

T T

ui

Ex]

Listeria monocytogenes

protoplast

I

None: control

*x p=0.01

Fig. 2.

Anti-tuberculous Immunity Induced by Transfer of

Lung Cells or Sera from BCG Cell Wall Vaccinated
Mice Previously Injected with Tuberculous Antigen

Transferred materials

Number of viable units of Ravenel in
lung of mice 2 days after aerosol
challenge

10 20 30107
T

T T

Control vaccinated
mice

=

Lung cells
from B

Vaccinated mice i.v.
injected with BCG
protoplast 2 hrs
before

T

Vaccinated mice i.v.
injected with BCG
protoplast 24 hrs
before

A mice

Sera from

B mice

1) »F DR WRRBEEERY 5 2 B fuEE BCG
cell wall 60 ug CHE LA~ A1z BCG protoplasm
#E, 1 B Airborne challenge % {77507 45 8, &

Rt 1 His XU 5 HOMPNAERE, i, VPHEFEK
DT X2 THBEHEEEREHER S 2 b h %
BCG cell wall 300 pg $ff~ v A2RTO 2 i3ig AT
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TREE & TR OBERL R B hio

2) FrmERE B LT 0ug L+ 5%5&, BCG
protoplasm HEIC X2T S, BILCHEREOHEMIL
[Z /e el

3) JFJE#E: L Airborne challenge # -COHH% 5
Aicds t, BRBCITPUEEE~ Y A © Footpad X
& &Rt ML i ES RO RBCE L, BHRR
2 HB¥ X U6 B HORAABEEITIFLERZEY & [
BT, PURMIER X3 HERRO MM A DR ieh
Do

4) BCG cell wall fg & < v A1 BCG B % \~i%
Listeria protoplasm %#iE 35 & HEHE Ch AHi#H
12 X 2> TDH Airborne YLtk D fifi A B EL D A 53 %
B REREFH OB AR Lico ¥, R PHA O
b A% R L 7o B i Listeria monocyto-
genes cell wall % & = v AR LCL Listeria prot-
oplasm # iz k> TD%4 Ravenel airborne J& 4 %
DIFNAEBER DA % :8%, BCG protoplasm 213+ D
X5z RN s DT F 72, BCG cell wall &
Listeria cell wall % 300 ug {8 & B IE @ 5 <~ v A1
BCG protoplasm, Listeria protoplasm » A\ ~3 PHA
FEETSE, R1IRTZEWTFh O HEd, 1
HED RGP LT, BRGHEREOMANEER DA 2
ELoYoF el

5) i~ v AMEMRafEm (A.S.S) & 0.1ml ¥
OPUFEHE 1 BiR LOEMCE TR ShchE~y
AR LTI PEBTE X A aEEms A bh
TeD3 D7,

P B0 SEREEFI TSR L IRIE Y v Bk E 2R
CEARLC, #9 24 WefH)CRERB IR O HELICTE S 2>
P D EDOTNH L ERRLELTNSDT, WHF % in
vitro CHEfEE LD TEREZ TR O,

EEAB : MR LR X8 ) v BROB A KR

wE B4LE F11F

1) BCG cell wall % 5\ % Listeria cell wall J&
FEY v I R B R % in vitro ~¢ 37°C 1 K3
B, E¥~vACBATS L, 24 HE © Biac
& U CHiNAEER OB B33 b iz

2) BCG cell wall i~ A PHA ¥7:1% PPD
HE 2.5 RSB Y v AT B A ShIcER <
v Aied Airborne &% 2 H HOfiNAEBEB DA R
INize !

DL ED#ERENBIEY v 3R EHUR OB A B FIE
REBEELTWAZEERLTWS D LB,

W T FHHE O BURR IS bR & RE Y v 3K
LogEmoEREmPFcEEShic:E2bh 3 MI K
Bi4-3 % mediator 23 EF T35 2 & wbhbhiid
TEREHELTWB 0T, BURIEIMEDRRECET B8
BRI~ DB GIT DTN,

EEC : BURIEIME DI DESS-

1) BCG cell wall # <= 7 & & BCG protoplasm
HE 24 BB BmBIRER ~ v A g Hiiac
MI %Rz, ©h# Airborne ¥« 1 HEfiC 0.5
ml FH <y AREEREST5 &, HERELRE L
ke LC, PHA #HEBc B ¢ b ik O 2R
Ho7-78, Listeria protoplasm MG I ILFD X 5
7o B BT A BRI DT

2) ¥~ v AEgRGEmE (A S.S.) 1T X THHE
iR X % BCG cell wall fuiE~ v A O FLEHIEHER
AR SR eay, & ORRIREHUREE & R BRI
% 0.5ml BHERITRD LT LR T, K~V ARE
B HUREHER X B LB HERAR S iz

3) EFBURMFEMEEH LTS AS. S BETERE
LT\ BCG cell wall #E < A1 0.3 ml # &
L[l PPD 1w X% Footpad JGa#A D &, W bHh
ORISR IE S hico

4) F iz BCG cell wall 4% ~ v A& BCG proto-

Fig. 3. Anti-tuberculous Immunity Observed In Vitro of Lung Cells
T Numbers of viable units of Ravenel in lung of
reatment mice 4 days after aerosol challenge
for lung
cells Lung cells from Lung cells from Lung cells from
vaccinated mice normal mice desensitized mice
None:control I ]
50%
P PD |
Nonadherent lung
cells from
vaccinated mice _] !
(N.A)
PPD+N.A. ]
50% 100% 50 100%
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plasm #iE 2 K3 X OV 1 HEE O I & IRl iaR %
FRERNIEH 7 ACHEEBA L, 1 H#IC Airborne &
Hsw2 HEOMNARB BN BRER21IIRL
Too BUREHE 24 KRR O X O MEOB AR X
DTHEAEEL 5 25 2 LR b ENI,

L EoksRie 1oC MIF 28 BUREIME A PIE R
EEE BRTEL OB EPEES R,

T, Z0 X5 RAFMEE T B HFE Macro-
phage L% %, =71 LUMMIEEER TS 7 AF v
7 ¥ % — Vic monolayer %fEoT, HREEIEY v o0
HROMPEEERMLT, =D Macrophage IC % X &
T B D HEFARA IR % SR oo

24D : Macrophage monolayer (33} 5 525

1) 79 AFw 7+ —VIZ monolayer = L= BCG
cell wall 4% 3 L OV IEFE ~ v Afiiififgic PPD & Jii
ANZER D & » — VIERE ML Zh T h B, 5%
WITHE AR TR, 24 IFHBICBEE, K\ C Ravenel
BN CERE ¢ 4 B B OO RE &~
X 3R &K PPD LMD & v — v IER
ARl e ORMI R E R L O IERE
Macrophage monolayer 13U~ THI B REYLH @ 4
FERIEDI R B Ico ¥ e, [ USERRT, BCG protoplasm
FHED BURSENGHIE monolayer 13X Zh B & THEEEORK
B HIEBA 1L 2 R Lo

2) [FEFEDEE% BCG cell wall ffEds X O IRl
#ifig monolayer I BUEfE M 2 VR In S TITin27e 2,
21 BURAEIIEIC X % Ravenel o JffifaPIsesnba L
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RE bR,

P bRz EEME O &« — VS PPD
& BCG cell wall &ftifilan v + — VIERERIN &
DGR, H5VITBERIEE & O XoT, BH
BIoR 2 MIEBR L2 T X S TE ke ha o &%
B S22 Lico

s v U

FERRBIC R 3% RRGBH 1 % il D 388 A e PO AT 2R R
BYED Th AU L sk llas B5-32% “Mlak
R CHESWTHEATHIOTH 5 & L1k, TTK
Mackaness »OZE YO THIZEREZOWTE T \»
%o bhvbhAEIc#ih Lz BCG cell wall 2 < v
ACHF & EE Lic s, MIF 253 PR FELE 25 &
bhaz &, ¥io, TOPFEBIC IO THEMEDRE
BRRLNDBZ L, 02 DDHEEDREITIT I ER
Mg L P D interaction 23YKRE S B, F I D
Macrophage DO ERERI~E L mediator DFFEMN
BEShizo £ TZOET LIRS T#RF 2B
Lo AEROBERELRET S &, BIFY VB LR
BEoEME MIF %47 Mediator 23 &h, —HT
X Macrophage @ Activation ##&#2 L, {5, Footpad
R Lo MI oEE8cR S h 3 REER—RINe
%o £ LTHiIZEDBE T PYERGE DRI O M 1e gk
SLPERIE OB &\ 5 BEBE I hD L OFHR
THETHH d0

5 WEBEYYIMICHTDIMEREEBHA

HEUvARGEREENEYS & HF B E
Ey THEEWRTSEE E OB 2 T

b

RGBT 5 Y VoSSR OERR, B0
&, BIEREIEORNL L BHECBR L TWS & & 2R
B b T Do SO, U Vomlfk oIS
H3AHfao genesis 1%, ¥ T North »V, Dannen-
berg BADHFHI L OTEDORERYH L D> TE L,

leb b < v ARRER TR O EAABGH TI17
4 EIRWCERRBIRDO D D & L&D, DML FER
7o\ OB D I DN THIZE R T In DT,

i

MRMEEFE

BT dd Re= v A DRER AL, MLk & O RRYLE
O 19 INIEEE A WTHO & L & 7750,
BEIIMIEOM 7 + A7 » X —EiEH: (AP i L1R)

LMEBSRESE (7 Sy V) BEoWEL, th?
MRF= P R T o )=V T 2 AT 24 b, Bl~Erw
Y, BANEIYSL2zY VER (YER) REEEL
T, ThETHELLGEY kitol. XD ofiflazs
BT, 100 2w ¥ o DATFT VVARSDWEHWGTAY
v PBS B E Lizo IR 100 2 v &/ o DHF FAYE
— X% F K& AWT 37°C 30 HTRERIEERAKR, £D
H& PBS B L, WMHE»D Y VEREI L 354
S LT H oD RIEH FAE - — T —
L, EDTA #& A7 PBS #inz R Eo>CkEL
TWH gz s L, EELT= 2w 7 »—O%E L
THHIEAR % DO v VAEEALI V27 5
— P BHODDGEN, WERT 7 1V, BBWIXINEL
WEEHEY 1mg/ml AR S 7 4V 2ml %
JERRSES L, 5 B#E~-%V v PBS TV LT, 4
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e~ FTHREICT 7 4 VERE, TEBOEIVELRE
% L CHIBR R D, IR~ D T A CHIIASHE
L7LCO

E A

(1) =vARAGE—BRRERICS T, BT
RBOMOIERE FRNCER T 5 &, ¥ H M. bovis
(7 %Ak) 0.5mg BEREOES, 2 BRCHIE2HIZ
COBERICIEA LA, FOE Efivitd ¢ JETk
(4BHH) i, X THOEERFA Lo & @/,
R\ BRER: LR 25T, ERORKETERI
IoTEOERIL 1g IS Dfze LaxLiES 10 H
BXv INH1HE 0.1mg ORECHREY B T5
&, BoERTMREShS LA, HoEEuimih
IEXh, FROBEBEHMIMELE L, FofELH
E—kkD 0.05mg T 5 DR TH BRI i
OTEAES, RARCioERS —EHlcs £%h,
Ll By R A G et

M EXSERS L 0EFNSERTHY, BROEXKLE
BT s Ao nt e AR E L bh, B
K XA ROM/NIFIFBRH X525 L il
(BEBHL Y V) ORHIAFETHY, T o ERE
LTORRPIETH D LB LI\

(I) ~vA% BSA 330 ug CTRAMETHEE HEW
Iz Freund OREL 7Y . AV M AWCEAL, B4
TP o NV RS OWT, RIEDOEEY
Lizo 0% D RMEESEE 3HIc BSA © 20 g & % \»
12 S5ug ZHELTCEORIGEBETS L, Mo~y

Fig. Time-Course Enumeration of Spleen Viable
Units in the Mice Challenged with Virulent
Tubercle Bacilli at the Time of “Recall”
with BSA 3 Weeks after Sensitization
with the Same Antigen Incorporated
into Freund Complete or
Incomplete Adjuvant

6 pe
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" _.BSA/FIA
plus recall

m5' BSA/FCA
E
3 t— +
) BSA/FCA
'E plus recall
S 4r
0
(=}
P

3L +

L 1 1 1 —
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Weeks after challenge

EE OB48E B1E

ARBNTELF7F7 4 FFv—EREEL, EBT
LWREBNID BH 1/4~1/3 OEWINIET Lizo LT,
LT Y LNV T X DRI OBERIBH T,
TN TH Ol & THVEME - X % BOER
%, BKFELET Y AV MW TDARALDR, ¥
BSA FESE & M K AR (HyRy KM-R BR)
0.05mg ZEFRG L, TOBEMMRYBEIS LIKBRL
TRAHFH N OFAERTRTAEDB L, BLTV 3V b
R, B —RRisil o 8 H © &
7o

EEYSARELET Y . NV M EWT BSA T
B35 &, BSA it LCoBRBiRMRo 4t & H45E
2%, EE UCHilatE GEER) 5T 5REY V2
R Tmod b, HEEERED Y v AREADIRLRH
HEheER, B0l L SHEENELh LR TE
X5, BSA OFHELNC X BIKIEY VojBk © R, —
Kfyfe <27 w7y =P OERI DB’ Y, BEo%
BleieokedbDThsr 5, WThick X, ZOFB
TOLZBERER LT\ ez ik, FELSRIEY Voj3kD
HEHC LB DLAT, RELEVIIBRVTHAS 5o

() GBI O ARRER, R E ZT e
Y VSRR E, FFERNEEE IR TS Y2 R T 7~
POBINC LB D Thy, ZhbiEE{LOEED—D
MWIA VY — AfROKFERERIEED ERThD L Sh
Bo T THRPHCBIBNEHOAEDRA MO
T, AP {EtkE 5 7y VGO E(LE Y E O THRE
Lico BfiicdsunTix, 3 BHEERGE ALY 10,000 51 5
%, CTOM, »7 7y VIEHIEABRERY Y T4 5
JEER4 D TiX 10 f5Ic 7Dt AP JEMRITAHARE B2
T2, HEBRYUD TS HIZETH O, Birks
TIXmEEE D, BN 5 ED LA Th B
EEYD TIE 2 B/ bindholc,

Dl EofERiy, MiaXh ofREED EAXb 2L
Th, X vEEROXEEMEOHERC X308 INT
Hb, CErlicikeh b hRECE 35 2 D
@, MRERN D OEMENEEFCHL, Boxdbib e
5 Liciilan 4z S REWHR C©h D, BiRsas
DIERRHDOThH, BEEMD OFEMEFIIGO X 5 ik
FHIREWDTHA 5,

Ef kR D Z Lk, 6-MP SN LT Y VoD
WA IS &, BB OMITERL, MM E
B0 OXKBEHREREE R D E, BT TV VOERILSE
PRATBH, AP IEHEICERC R L 25/ b
Tl BB, DT LI, V VoSEROFEOFEREL LT
ks~ 2rzv7 sy —CORMMESHC HInT 52
L, FLTAPEWAN w2 w7 7 —P T, U VR
BRCHRN & E 2 T B, RICT O mE L
2o
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Table 1.

531

Change of Viable Counts in the Tissue Homogenate or Macrophage

Suspension Prepared from the Mouse Spleen Challenged with a Kanamycin-
Resistant Strain of Tubercle Bacilli (HyzRaKM-R)

G Challenge with Non Manamyein-contatning Ogana. medium
B .(0.55mg) H;r RaKM-R(0. 2mg) Inoculum (Enumeration of the challenge strain)
vaecination 3. weeks after
vaccination 3hr 1w. 2 w.
Macrophage 10° 82 48 13
No Yes
Homogenate 10 mg 4,100 1,800 1,100
Macrophage 10° 53 0.5 0.15
Yes Yes
Homogenate 10 mg 2,100 7 0
Table 2. Degradation of Tuberculoproteins by Incubation with
Mouse Peritoneal Macrophages
Folin reaction (OD 700 my ) of degradation products
No. of Addition of from the below-indicated substrates
macrophages | pepstatin |Denatured Tuberculoproteins from
employed (12 pg/ml) | hemoglobin| g, protoplasm | BCG culture filtrate
(4,000 e) (525 ) (330 #g)
— 0.482 0.074 0.070
2 X 19°
+ 0.030 0.005 0.010

(V) E¥~vAOH, »%\ix BCG % 3BEfFC
2EMIELCHECERL 2 X v, WTPREEO MK
(GAC) LIFWEH: (GNAC) ofifa % 4L, 107 41
FaBUC X B K BEERIE A RA TS &, FilEM: L $ GAC
ML, FRaTF SV V/APERLE Y 2B &, B
GAC 2MEV . Z oA ERNZ HRZOWT $ £
SERTHD, WHELT, 74V YV — sdEDOKEE
FEERI— e~ r 7 > =0 ) VAKX DL, T
L AP FEHRIIRTEDEARNCTH Do FRPIRAE L
SHENDLTIE, 2w 7 y—P0hT 7Y VIERD
FIRITER L3028, ) VRO BT Y VIR
TRENERIZSHBOIERD HFETHS 5,

(V) 2¥o<vAZ@EEL, —J% BCGO0.5mgD
HHECHRIEL, 3% HyRa KM-R £ 0.2mg O #E
W EDOTHRE & S RYe Lo BRGEE 3 5/, 158, 238H
T, BZEEID 10 BO=YRARYF VY VI UTHLH
HL, 5B3EMEIAETDRS PELT, FRLTESD
Haoix GAC 2458 L <, £+ h % 5 KM 100 pg/ml
DN EEHNC 8 U CRGYE O BRI 5 B2 1T oD teo
TR, KEVRA PO W T d, GAC Iz DT
b, RERIC R 2 EEINAILED THEE T, RREALE
B, =r7we7 s —POREHAEEEEL WA EENR
‘éhﬁ:o

(M) BEEA=2z7e7 -2 2X10° 2H, HE L
LCE~E 2 » &V 4,000 g, HyRa Bk o Bl

B (100,000g ki) X v 4pHELicEA 525 ug 5\
1% BCG v — b VSRR X D IEH LATEE 330 ug %
TRENRREEA VF <1 + L, 40°C, 90 4}, pH3.19
CRTHEASBOBELRE Lico TOB, ThTh
277 L, —HRIAT 7V DICHT 3RS
FIRTARFVEMZ o TOFERIE, YVv2) VE
BN 27w7 =087 7Y VDIRIDTHEINS
AT EDRHARREN, T, BB EH Y H
\, S ff#y% Sephadex G-75 % fi\~7e 5 A{FECOBE
L, 20y~ 7Y VEEZEET LTy PERAWTHR
Hllcko s, HONCHIMOWIBTRD bIIH, &
TOFTELZEONED, KIETD b OXEH YR
kﬁ%’:\fﬁ:\‘ L‘/'Co

&

BERREPERNT 7 ADBILERT 528, Zhittr
DEGEDRET GFET) b UOIEER 7 VA F—0D
Ferk L BB BIRE 300 £D X 5 ORI TH
HYVRER, w2 wT7 s —ORFEREIhT WS Z &
X, KFERERIEM, PIENO BRI XoTER S hi,
LasL, AR, »3WEehll BicEE o, oo
HoR MM M (BR) ThrtELbh
50

S
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EheEED Bk OBE

BEHBAEEETMADTHEE K OB M A

T 7 AR & BRI P A R R R e
T BB EREEL, REORIL L TCHBEYD~ 2 w7 >
— (MP) Pl 3 BB O MmIHl & LTHREsh
2T ERHLSh, “RifakkfiE” OfikE e Ahb
NBEEDIZ LIXFMDBY TH B, &THT, &D
X5 eI REYE I 3% “HIfat: e AR mis
Jakiz# x bhics MP Bl LCRE IR 5 FERZ
PICHATENMIKRE BB L Ieotee LT, ¥9°C
DIEFE AR MP i F LTWwb L Bbh 3
cytophilic antibody 7z~ L cell-bound antibody 123k
DI ETEELE—HDONCEE LD, Rigol:
BRI P A M B RYE DR (o & 2Bk e 7
AEE, VATV TR, TAXSEOR) I, RS
FEikh & 2 TR EEE 2 R IL L, That
MP Wiz isl) % BERE O HIEMHIc LS C &R Eh
feiedd, GR35 MRtk i I i 2 B 53
BLEWIELIBESI NI,

Mackaness 13, BEM7 VAF—B W T BfEY ¥
IR in vitro CTRIGTAHEREHESE % &, EF
By MP DiEzE %135 HE (MIF) 2 chemotactic
factor 7e E A WA IIERYBERELE IR LW L
7 rY—%RD, BREHHLZCITHREEY v
NERICHIGIURAER LT, MP OFEMLY ERA ¥ 5 X
STeBEEET, ThIZ X ViFEED R L MPIzAIL
THRIBHRRRMEY & 2 TR R ER RT3 0T
BH5ESE LK, in vivo OHIAE A D ERE R
DIRIE L7cl, Mackaness O & D3 20%, @R
& MP #5001 22 RT3 0L LTERHRZD .,

CRIZFENDTEL DT T u—F RN IR T 50309,

 ORIEE MP O RBTEMOE HBE LFifithF
»3 Nathan 599 MP ¢ hexosemonophosphate [
BRI DWW TORZEL B B DICT Eln o

Fx BCG g~ A MP @ lysosomal enzymes
BHEBELTCWBEZ L RELTH30T, MP HORML
FIEELE 2 bhb oD lysosomal enzymes D—D
T& % acid phosphatase (a. p.) EHMEEIREL LT LR

DI DB E Ao

BCG Jgs 25 Ho =~ v ADEM%Y in vitro & %o
F%, BB\ PPD 10 pug/ml %N, 1 HEGHE LAcks
#¥k% Millipore JF@ L7cd @ (CS) #LEFOH L%
BRI Z, EE~vADERNGE Dz MP O cell
sheet D#EHIE LTH, 3 ARG Lz MP © a.p.
HBHEERTH &, TOEEIXER~v AR CS
TNz THEZE L MP Ol LTI e ER LT
HTERRHMENI, £LT, 2O CS 28 PPD %
HMlicbDThsd e, BCG G~y RO CS D
AL 22T MP a.p. {EEERRDRL, ERERE
< AED CS DPAITN 22T MP a.p. {Eikz k-
Hxai,

BCG e, AxB2TC~v AP O CS OIEE MP
a.p. FEHERETHEYRT 5 BT EW MP
cell sheet % Millipore filter “~72 T *C, BCG J&Yy-
BHBE R TS <=vAD B # & cocultivate £,
MP a.p. {EHEER L. TOMEE, BCG &EH: 10 H
BOFMIECIZIER MP a.p. HEEZTIE I IWA
26 H%, 36 HEADEMIECIZIE B2 IER MP @ a. p.
ERR FE X7, %72 PPD Iz X % BCG s~ v A
MIEDIER MP a.p. j&M: EHOMENL, ks PPD-
BEREER S g o Bt AvwC, IEW MP
L cocultivate LTH A b,

BCG s~ v AJGl% glass bead column JiEIC
Xt L7z ) vo<BkRfiaz v CS 2ER LT,
%o CS XIEH MP o a.p. {Hikx EF I8, i,
DX LTESRA CS #EH LTS, IEH MP
O a.p. HEEEAFEREEDRIRDI,

D Eo#EHRix BCG B~ v APMIagEMpFD Y voe
BRRAiEAt, MP o a.p. &M% EA I3 X 57, JF
BEOWEREELTNWDZ LR ET %, PPD ©
TRINAID 20T T DY EDIER & B\ T EEZHIFIT 5
BREETWAEY, BCG ARG X D & fN T #HY-

EfEEhTWB Y VosBkicwhT s PPD oL E 2

BB TELD Fh, TOXHTHELN MIF g &
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3, R EE A R BT 5 helper )R, adjuvant
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cell) r¥T carrier helper cell (T-cell) XV~ 27 w7
> — YD 3EDHRAFEADDEL S TW5EH, 2hb

533

Immun., 4 : 337, 1971.

6) Godal, T., Rees, R.J. W. and Lamvik, J.O. :
Clin. Exp. Immunol., 8: 625, 1971.

7) Simon, H.B. and Sheagren, J.N. :
Med., 133:1377, 1971.

8) Simon, H.B. and Sheagren, J.N. : Cell. Immu-
nol., 4:163, 1972.

J. Exp.

9) Simon, H.B. and Sheagren, J.N. : Infect.
Immun., 6:101, 1972.
10) Nathan, C.F., Karnovsky, M.L. and David,

J.R. :J. Exp. Med., 133: 1356, 1971.
11) Saito, K. and Suter, E. : J. Exp. Med., 121:
728, 1965.

YN CREEBROFNT T ARG EECE TS
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“iRaRg D co-operation M OWTIXIGE A EHEAL
Tt 2D, 1207 7e—F2 LTHE b A
7RSO 1 DL ShTWb Y12 Vi
BIERBIC & D, ¥ 7o K58 LA PPDs 11k Mbihx
fEB T E WS AR FIRE L TR Z T ot T/
53 hapten AFCP (B-cell) % hapten-PPDs Gl
LT, PPDs ik V vou5k (T-cell) & & i FDHX
IS U fo recipient o T RGPS L, [PPDs K&
MRy hapten-primed B-cell D @EEA:3~% i hapten
PURRERIC L D X 5 s RE R0, Y2 ) VRIE
0 R o S itelR, Fie T-cell—B-cell co-
operation 12§53 T-cell H 3k © 1% © chemical
mediator (Bloom ¢ hypothetical activated factor)

Fig. Relation between Cellular Immunity and Antibody Formation

Delayed hypersensitivity
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MIF : Migration inhibitory factor,
IF : Interferon,

ChF : Chemotactic factor,
SRF : Skin reactive factor,

LT : Lymphotoxin,
BMF : Blastogenic, mitogenic factor,

CIIF : Cloning inhibitory factor, PIF : Proliferation inhibitory factor, Ab: Antibody
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DFEE, HEREBERLCOTENFEEST 5.
 HARFESLUKE

Bk ddo v A, CH Fiw v A% Lio PPDs
IHERIGD IR Te b ¥ THHM L THVG, ~ 77 vikE
LT 2,4-dinitrophenyl (DNP) % % fi\>, Eisen Dk
= DNP-PPDs, DNP-KLH 7z & % g% L, hapten-
carrier conjugate & UCER Lo ABURERIEMAJE
%(%ELU BER) TEMELEBHLY tuberculin-reactive
«cell (helper cell) %, %7 DNP-KLH <#E L IcE)
4 X b Hi hapten-primed cell &V, WHE X EAF L
C DNP-PPDs Lt L3 ehbh U d X BRI hic
recipient PICHAEPETE Lico BEEI R % M O T
DNP #ifkE1% DNP-BSA-¥I W53 CER
L, %7l d o fr DNP JEinbER e O HlE
Cunningham ¥:CfT7¢ 2%, —JFmigration inhibitory
factor (MIF) D pEf3s X OO kRsH0 s Bloom Dk
TfTIRL, Mo SHBEET MI 7R %7727,

(1) HEEBE<YA ) VREO Y12 ) VR

ivyed

oL 2 Y VRIBERET S by & b % macrophage
disappearance test 53¢ MIF pEszfs (MI 5 2R 1)
CHRE LIckEER, WEERIE~ VY ADY VoI ) voSBk
ik PPDs GMMIME2EET 5 & L2 HERR L 2700

(2) PPDs AN helper activity

R OFFE T ot LciER, BB E~ v
ADY VER L carrier protein (PPDs) % 4~ L T #1
‘DNP-AFCP } co-operation U CZH/$T DNP Fifk
AL, BIHMc helper cell activity %R L7z, #1
hapten-primed cell & U Ci% DNP-bacterial & amylase

A S48 % H11E

7> DNP-Taka amylase CHELTLHRBEOEERE » &
oo BCG (1.2X107) #4fE 5 4 3 H © BCG-sensitized
cell 3 B 52N helper activity # H LT\ b, 2 D
helper activity [ ZFEZBERER 3 B X b HEL, £0
B 4B R R LCRD DR B, PI-PPDs %
J\ 7z radio-immunoelectrophoresis “Cifiat LAz f5E,
#i PPDs HifkiaMe i c & 7hv o7,

(8) & helper activity BEHIFET3HF

10 Btk (AKR anti-0 (CsH/He) isoantisrerum) -
vy, BOZ L SRILE L PPDs KIGH:Y v 35,
helper activity % {4 L, F7 1,000r @ X§HRE,
Bl = — o Y R IS PR TR LA B A 7e &

&b %D helper activity 1% 1/2~1/4 K IEF3%, =

NBOFER, helper activity % HT2EMEY v B
T-cell &2 bh b,

(4) F&fE T-cell HEOH T T v Hibhie h (REm

FrzoWnT

Helper cell & hapten-primed cell L% &%
Bl% @ route T recipient IZ#ELE LT L #i ~7F VL
R LN EEEIND Z LD, Z cellular coopera-
tion 12l % T-cell Hiskd mediator @ FHZIEEL
o BEE= Y AD Y VIRY VoBRE PPDs L & b icks
#L, EORBEOED LR X b A mediator 05 E%
A Hizo Sephadex G-200 T AE L & 5, MIF 1%
PEix post-albumin f7 (Fr. V) KRB h 32, &K
R TG void volume 12 i < B4 B Sh,
MIF L3O RIL 2B TWETH b0

Pk, WMEEREEHDY v RERE D577 Vi
fhEEAICISYT % helper activity 12D T Lz,



