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II. MESENCHYMAL REACTIONS TO CHEMICAL COMPONENTS
OF TUBERCLE BACILLI*

Kimio YASUHIRA

In consideration of the mechanism of formation of epithelioid granuloma, which is histo-
logically characteristic of tuberculous lesions and some other diseases, a new category of allergic
reactions, a superdelayed type of allergy, was proposed by this author at the Autumnal General
Meeting of the Japanese Pathological Society in 1960 (Acta Path. Jap. 10: 419). At that time
it was reported that in only tuberculo-sensitized animals (rabbits and guinea pigs) an Arthus
type of necrotizing lesion was induced by tuberculopolysaccharide fractions and a tuberculin
type of monocytic granulation by tuberculo-protein fractions from tubercle bacilli some days
after the pulmonary instillation of these fractions. In contrast to these early reactions, epithe-
lioid granulomas were produced in the treated lungs of sensitized animals some weeks after the
administration of bacterial lipoids ; for example, Choucroun's sensitizing material, Yamamura's
lipoprotein, Anderson’s phosphatide A3, and Lederer’'s wax D. Therefore, the granuloma-
producing reactions to these antigens were named “superdelayed type” because of the markedly
delayed appearance of tissue reactions. In control animals, these lipoids also induced epithelioid
granulomas two to three weeks later than in sensitized animals. This shows the ability of
these fractions to sensitize treated animals with an interval of a couple of weeks. In any
case, it was pointed out that epithelioid granuloma is induced by superdelayed allergic reaction
to some lipoidal components of tubercle bacilli or related bacteria in sensitized animals.

Two years ago, it was planned again to extract and purify lipoidal components of tubercle
bacilli. Two Kgs of the bacilli (heat-killed Hy;Rv) were used as the starting material for the
extraction. The fractions obtained were analyzed for information as to their chemical com-
position, and their biological activities were tested in tuberculo-sensitized or nonsensitized
animals. These experiments showed wax D to be the only substance among the lipoids capable
of inducing epithelioid granuloma, which appeared after only one week and reacheda maximum
reaction two to three weeks after the injection of the fraction into sensitized animals. The activity
of the other lipoids, which seemed to be due to the contaminating wax D, diminished after
further purification. Phthioic acid fractions obtained from acetone-soluble fat or phosphatide
of the bacilli by column chromatography were also inactive in producing granuloma, and it was
assumed from the results of gas-chromatographic analysis that the fractions consisted of
trimethyl-tetracosanoic and trimethyl-docosanoic acids with small amounts of palmitic, stearic,
and some other acids as contaminants, Fatty acids of carbon number 6 to 26 obtained commer-

* From the Department of Pathology of the Chest Disease Research Institute of the Kyoto
University, 53 Shogoin-kawahara-cho, Sakyo-ku, Kyoto 606 Japan.
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cially, although many are contained in the lipoids from tubercle bacilli, were also examined
behenic and some other acids were able to induce

The foci were com-

for their biological activities. Stearic,
small tuberculoid but not typical epithelioid foci at the site of injection.
parable to those induced by phthioic acid fractions ; therefore, it was concluded that the activity
inducing epithelioid granuloma is characteristic of wax D and not of phosphatide or phthioic
acid fractions of tubercle bacilli.

Subfractions of purified wax D were also tested. After centrifugal fractionation of wax D
in ether by the method of Jollés (1960), the specific granuloma-inducing activity appeared in
the larger molecular portions of wax D, and nonspecific granuloma was induced by the smaller
Acetylation of wax D by the method of Tanaka (1963) reduced the

activities and also adjuvanticity. It was interesting that the AD6 subfraction of acetylated

ones in sensitized animals.

wax D, which has an amino acid moiety in its composition and is known to be potent in the
adjuvant activity, irritated the tissues to form only a nonspecific and not an epithelioid gran-
uloma. When given separately, two components of saponified wax D, water-soluble and lipid
fractions, revealed no activity in producing dpecific granuloma, but they recovered this activity
when these two components were mixed. Subfractions of the water-soluble portion of wax D
offered by Dr. Tanaka and his assistants (Koga, T. et al., 1968) were also tested.

In order to clarify dissociation between delayed and superdelayed hypersensitivities in
sensitized animals, the following experiments were carried out. First, epithelioid granuloma
could be induced in animals desensitized by daily subcutaneous injections of old tuberculin until
they had become tolerant to tuberculin. Second, similar but weeker phenomena were seen in
animals previously treated with bacterial antigens in ufero or at birth. Third, some immuno-
depressors suppressed the formation of epithelioid granuloma and finally, antithymic and to a
lesser degree antilymphocytic sera inhibited the appearance of epithelioid foci after a challenge
injection with’ wax D in sensitized animals. The results of the last two experiments also
indicate that the specific granuloma can be formed under allergic conditions connected with
functions of lymphocytes.

In conclusion, a model of the mechanism of epithelioid granuloma formation was presented.
Wax D has three different abilities ; 1) enhancing proliferation of lymphocytes by wax D com-
plex itself, necessary for the induction of the superdelayed type of allergic reaction, 2)
stimulating formation of nonspecific granuloma by its polysaccharide portion, and 3) transform-
ing granuloma cells from histiocytic to epithelioid by its fatty acid branches. Simultaneous

co-operation of these moieties of wax D are essential and indispensable for the formation of

epithelioid granuloma.
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Table 1. Tissue Reactions to Chemical Components of Tubercle Bacilli
in Rabbits and Guinea Pigs (_Y_lgghiu, 1960)
o Tuberculo-sensitised Nou:c:ultlnd Neutrocytic, Ng?ﬂ'c” E&g’&
Materiale A 1z 3 w3 12 3 4| meerotle R e
B e Mmatous  matous
Heat-killed tuberc. bacilli H+ H H H # - - =+ 4+ # # + ‘ +
Choucroun's crude extract + # W W - - 4+ H# # i + # H#
Yamamura's lipoprotein W) H+ H+ + - - + H H | # ™ *
Tuberculo-polysaccharide H + + - - - - - - - | # | (=)
Tuberculo-protein (TA4) H+ + - - - - - - = - + | # | (=)
Phosphatide A3 + H H + - = = =+ - S ]
Choucroun's R '
(Sensitizing material) + # # o+ - - -+ # (+) I + ‘ .
Choucroun's PMK _
(Toxio s:xbstance) - # H # # - - - - + + ' #
Wax D -+ H #H | - - -+ H# (=) '(*)1#»L
Wax A i - 4+ - = - - S % (-)
Wax B - = - - = = = - -
Wax C (+) = — = = |(+) = = — — |(Hemorrhage)| - | (=)
Acetone-soluble fat - - = = - _ - — = - - - .
DNA - . .- = - _- - - = = - ! - ‘ -
D Iz, D — o
B WP el ek (ET_ Fig. 1. Three Types of Allergic Reaction Caused by
(2 0.5mg, EAEy bTIX 0.2mQ) %, H Tubercle Bacilli or Their Components
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Immediate
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Teaction
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¥ ;uberculo-protein

Killed tuberc., <
bacilli

«— Superdelayed reaction
by lipoid

1 2 4 1 H 3 4« 5w
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a) Gas-chromatography

SEIORENRE L LTEEY AL Fmd & hfc i
o, BEESOHET RO Of-bic, B GC-
IC & Gas-chromatography M {#RB X i, B AICIT
AHE 3mm, £X 75cm 0, F-FWAICIEARE lem,
£X 37.5cm OARAF 4 VVRARF— L HFANFE R X
h, BRE LTE~FHy, vEVFoigloR#
B, ¥+ V7HRLLTIE Ny, #HE LTi2 DEGS
Ap-L, OV-17, SE-30 ZA B\ 6o DEGS (1 g R5
MAREE, —E&EAHSFOTKECER T 5, Ap-L
ZEAT S LR XU FERRMAS, MTESAED
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b) Mass Spectrometry

HIr M/ Mass Spectrometer RMH6 % Fu., (&
ABEIL 80V ThB,
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Too MR E LI-IERIERIMIZ, YREKRLTEZOBRET
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Fig. 2.
(Ap-1)

Kl ik %95

Gaschromatogram of Lipid from Acetone-soluble Fat

n(,

(Sk 30)
n-C. unsat,
n-Cyu

Me:Cu
Cubranched

Cebraach.
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5. BARAOE¥LEHEY

a) 74k AIERY (As-F)

M As-F o gas-chromatography ORIz 21
ATHEY THB. ZOEFITIE C3,Ciu, Cie, Cis 2R3
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ANEBET B, FheAFAKL aRAE LTHSC,
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IO DHBMERONEMD 1 L, Wb 7F4+ Y
McETHLDTHDT, U Cou M Cor-7 574 v
BLELOGNRBLDTH S,
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2 2AUEBREECHET 5, TEMBENHEL, §
MERBICCCBWY VAR, BEMROMEYET
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b) HIEE (Phos.-Ay)

A; BHFIEWREFON A2 v< MC X 5 FHSER
H3RrTHED ThHoo Thbb VI F VR, R77
Y VBRI, 2AFAREDOLS Cy BRSNS
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B R AAEERERYRL, £OBRERKRICE<58
DESICEKLS DL Bbhl, L UBRLEDICBRE
T, COFERR=—TN, 72— I 5EHER
EoOBESEBTL, FROBIBEESSHHIXKRFIIEE

Fig. 3. Gas-chromatogram of Phosphatide
C. (AP-L) (DEGS
N\
Cs-phthisic

(3-Me-CL)

Me-Cu
¥ Branched C,
\“
] = ] J 1
Cx» Ca Ca Ca

Fig. 4.
Fraction from Acetone-soluble Fat

(SE-30)

Gas-chromatogram of Phthioic Acid

Clu Clll Cn C‘a Ca C-

MRHEXLT, KBS BT RKBRNFVRELEDS
DHRE DT,

c) r7FAvEES

BM As-F #7x » viZ %M, Sephadex LH-20 1=
IOoTHET 5L, HBEOREYO I 754 VY
Brrencds, R4REFDEPDOH A 7u~v + T
DT, KM 3-2F 1Y HETS Cu,Coy B TH
LILHBOENTHD, ThHYRIERWOM, H5\
BETREALTS, REERECHFYELOLT
BEEMRROTMZLL vy, o7 LEBEA DM H
CREEREEYETILOLB b5, Chiikic
BRZ IS EMORRBMRTL b S h 2 MRMEDE
LBl Lic b DTh 3,

d) HEIRRRO4 YiEHE

TSN TS EMEBBBD 5D, ¥R 27r~< b CR
LTRIFERTTREOMEILL D L A 3hii0n4ikh
Y, BREBHHORTCRLELDONE2 THB, R
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Table 2. Mesenchymal Reactions to Fatty
Acids in Rabbits
lw 2w 3w 4w Gilant cells

Cq -caproic - = = =
Cyo-capric -+ = -
C,s-lauric - = - -
C,-myristic - - - - +
C,¢-palmitic -+ = - + »
Cye-stearic - + H H# +
C,s-oleic - 4+ - - +
Cis-linolic - - = = -
Cys-linolenic - - = = +
Cyp-arachidic - - = () +
Cye-behenic - + H + + *
Cys-elucic = = = = -
Cgq-serotic - = = = +
Cy;-phthienoic - - = (4) +
Cys-mycolic - - - - H

« Tuberculoid

779 VB, X~=VBTHEHERAFOHRILY, ¥
LI ho xS UEMORM TR OALhD T
E2h 5, BN Y voRBECHE ¥ hic ki
THHEN BICEA DN EERRNL L 5BENH B,
L L&tk LT, MERMIEE D L HE
T5, chil 77+ YBES TR 2RE L ERARD
D TH%, D5 b Cy-phthienoic LFELId DA
ZhThb, fic Ces-mycolic £ 355 3Di28D X H 1B
1 IRB R S C, LI ED 20 HED D Tikisvy, o
3+ Cu Ll EO BRI R DR T13, 12 A LHIME

Fig. 5. Gas-chromatogram of Wax A-lipid
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CEMBAR I bR, R, 7 v 7o v AKBWEH
HAMN, ThbRHIUEE LTHILT S 40T, &5t
BROEKILILV

e) W A(WA)

WA QRIS E LT, RLiFVR, ATTY V
RO 7 # 4 vREARIN S hico 754 vEHIZ L
WD As-F,Phos.-A; L[, -2k H T 5
CsaCot MEBHLRB LD TH D, NMEDHBMT Co,
Cas Coe 2%, “hicfIBLTHbLIhS (R5), WA jih
SEBHCIEALTS, ME EREChhbL T, 2
AR ST\ MMPIULE LTORIEL, HiC
T OMME MM KT EE BT 5,

f) 4 B(WB)

COEML RFROEERD L LTHROR M, IR 4
RERORBEMY - DT E LTHRER L, REOH
BizoWwTHABHOKER, - hix dibutyl phthalate
%5 X 0¥ dioctyl phthalate ChH 2 L¥BAL, “hicXx>
TAYHE B RIEORFTRA LI = — AR BHIT
HDEHEXNI, RisEXkD WB X b, SIFIEHMK
D CqCi10,Cisy T2 FN-Cy, 754 vEAIES (Cog I5
U Cy) DR St TeksB S hic WB @ik, &
LA EEYEHR LRI

g) C(WC)

WC @4 D5t cord factor & #fi¥ i % trehalose
® dimycolate Th % & Xi, Noll 5 (1954)® X
TEDILEREIRERT VB, Loy L WC X cord
factor DR X DHB LD TiL e {, Cu-Co RE M D
triglyceride ZD % &A Tk, RADKRETY, €
DYy FEBFOH A2 a< b, Ce Cs i T Cy,
Cas EORRIBIMOFERELRLTV S (K6), KES
BRI LTRIZEA LEYERLY RISV, LLE

(ov-17)
NEy MTIREWAMC, HNIEA TR, JERMEmER
b, MMEAEAMHMYRTC LA, ZOT LIk
cord factor OFEH LT NTE b DA, MEBES
e Cx ELTH TTHEMRR LTV 2,
h) 4D (WD)

J FEREOBAREELOBKT, WD MV EK
: , ~ MIREHMREYHETH - L R2ER L (1960)Y, WD
Ca G Co Cu Co Co Cu Ca IoTHELRS - OFBNE, AR OE ERAERY b IK
Fig. 6. Gas-chromatogram of Wax C-lipid 530T, BLWY voRRORE, M
(0V-17) ¥ hICHED TV 5, HFhEBHIcES
SEIEIR AL e, AR EhVIeiS
BEMREL LTAEDL h bo £ O %
WD oRsH A EDICRETIE, TORE
(Ap-L) o~ MRERECHL), BEBHTRI
"Co Cz _ Cx Cas B, R TIZIBHRLD, g

A | : : KRR ED > B,
Cu Cu Cu Cu R WDt s 2—AfbE S L A ERD
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T, CHICHEDORF H4 FXU7 i 7 MRmEh
bDTHD, £DOMENH Lederer (1862) > White
B (1960 i ko> THRIHEH, Zhixs)oRBLE
Liehih b, RERIERTEIRCbDERDTWVA, L
ML, WDODIRIMEIIN ¢ 2~ LBOIAL D LDEMNE
NEXHPMET, BELOBIH A 78 Mz L BAM
T, i 7+ YMAURFOEET D S LAFEND
bhle, SO 75+ VR UMITREORPT 3~
ML Fhicbon, Hovit WD ol ¥ et

Lok, BirBEMYN, RELRNGTH S,

WD DEMiEdE & LTl B~ A AR IR
fEDfthic, Reffel and Forney (1948)!V = X T adju-
vant BREFTH R RIKESH, BEZ O TOH
ROVBA LTeotc, FOMBMKRIEOHMET D, Fi
YRIGORIETLE LTOERYNS 5. RERBETSY
_A2Y VRAIRIBLDOTHBETHE L MM <,
WD oH+5% vy KREFEL, AFHT 5 £ 0 adjuvant
fERIC YL 2) YERFMTERIN AR THD L
MIhT\w3,

i) WD-subfraction o4 #iEME

WD =—F s s L, Jollés &5 (1962)'? (= f¢D
T 50,000g CELSTET D, MK izEI T RIhcH#

Table 3. Biological Activities in Rabbits of

Subfractions from Wax D

(1) Subfractions from Centrifugal Fractionation
in Ether (Jollés, 1960)

Granuloma formation

Adjuvant
effect Nonspecific | Epithelioid
WD H #
Dp15 + + H#
Dp70 + + =
Dp150 + # =
Ds - - -
Table 4.

G A BOR
D, 15 /8L THMT 5@ (Dpy) 12 WD LiziZMEk
DOEMIEL D, 150 OB (Dpis) 1212 FEHR
WL IERA M ¥ 72 150 7580 L (Ds) iz,
MR R T IRIBEA LTS,

Mz (1963)'*1x WD o subfraction %85 7zsic,
WD % 7 €+ 1 1{L L7 acetyl-D(AD) 4 # /T 5 & %
ER LI Tiebht AD ~&4 a[ ¥ (ADhs) LR
#:% (ADhi) Liz43ht, (ADhs) X FEME A 7 Lihit,
~F 4 v THHT 5, < LT ADhs ¥ AD\.( D6 &
MCRELT, 7 /MAXAELTY 5 @5 (AD)
L, ALY (ADgg) i2 3D D 2 LN TR, ML
LTilte7 s 7EHmsIc, WDo# T %5 adjuvant
ERNROTL B, 4@, HPKH & 0 (AHRLL
T, #ME L O W-BEFOBMUIBREL, REOHER
TRMHEIh, R4ZETIS5 RV BONTI, THhb
% ADhi iziz WD B0 EEHLRDOT\ 5 55, ADhs
TIXE AR REIEVCHMBAT 5, = & iz AD;
CIXTEERIZE A ¥Tc K, ADg TIXFAMRHLHEL R B,
FThiXEBERERFITE LD ThD,ADg » adjuvant
iz, HyRv o—fiX b BB CHEHLS Bbhioh,
B CES» B R EL/ RIS eh2cl LiZiER
Z{fi$5, T7/bb adjuvant 2Rz, FHERAFHA
RELBRT 52, LTFLLEEEAFEBR LM TER
EWHHERTHDI I3 WD 7504+ 5 &,
HMIRREET E LTOERIRRELICHE.L, ¥yRE
BELHETS, cdut WD 050558, ¥ 7-%K7
I BKDTEFALCESLLDOTHBEXIR TV S,

WD DEESY %8583 0 HEM{tThs, WD
WL+ 5L, £ adjuvant ZRiZHET 5, RILLT
B1-lRpRF O KEHE, RO L 5T a—ARRE
HbhTV58, Zo@piziz, WDogT24%HiERIL
FEAEEL, b @BROE ERLIERAKR ST
5DHTHb0 CHIBETL7F+ vRTIZLB LD

Biological Activities in Rabbits of Subfractions from Wax D

(2) Subfractions from Column Chromatography of Acetylated Wax D (Tanaka, 1963)

. __T'j‘b.erc‘f{?“ reaction HA Adjuvant Granuloma formation
B Sensiizi"®  |Eliciting ability | 3nti-genicity activity Nonspecific Epithelioid
WD (HgRv) | # 1 # # # #
AD Cn )l H ' - H 1 _ W
WD (Aoyama B) H +H # H ‘ H
ADhi( » ) + - # ‘ H
AD, ( " ) —_ - - ‘ —_
ADg (v ) - - H+ ! + +
WD (HgRa-n) + H# 1 1 | H#
ADg ( n ) - — - =
ADy ( 1 ) - - # + _
Tanaka et al. l Yasuhira et al.
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P, § 2—AREHEOEMDL, WIFRTH DY ek 139
Thb WThRLALXDEHFERIMTCH D, AF
HRETIZEA &V e WD KB X mERYE
T, YRTELTOERD i, KfELMIC Arthus
HNBERIEXRIEDINE IO TR ThiMicEA
TELRENDTRAVRA X R THAENDL 2, FHE
(1968) ' 1% = DA% Sephadex G-50 ¢ I, 1L, III 1=
3L, Fic G-100 ¥ BTl %220 K E &
(IA,IB) w@E Lt 1K F, I, N pFod
BHYEAEL, #EZxr 7> VYERT S, MR
#T L LTORBX I BigcHET 525 11, 11 & 4 i
PCAHIEXAA T\ Do ¥ -z b O#4rici adjuvant
fEREREBHRIgM, adjuvant DM WD X b
BrkESeoETS L, TEF SECEHbh, £0
PBLRSITE (WED)e ThbDES * BIEBHWET
KEAT S, ILUL TRFERAAEDLH, 1A 1B
BIEAN LV ZD L ERFORERILIZELBDLAL
Ve Bl EOEEESVT, WD g{LFEE S O BEMK
PERALTERYTRON, Tibd WD KEHD «
w7y vERRLLWVIEENT L ¥R L, BHEBRTY
BLEEMLT, RARCRIEBHCEAT S, WTho
BEHcd RECEEEMRE EONR D2, ToOEMIX
ENBLIEYBTESC SV TEHATH O T12EL
NEEERAFOKRE XL, KBEBEBTED IR
RAFIHKEWHDOTHDOR,

Ll WD o subfraction o4 HiEtE>Ei5T5 &,
KDOZLLTHD, Tichtb WD 2 RAREANRERIT,
FROFRBERICOEIETL L LTHA, Zhix WD o
BT 5BETONEHRICEICLOTHY, TOER

Table 5.
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XX WD o7t Faftic XoTiHkT 5, WD 2% 12
YRTELLTHWLH, ChixSpRETHIRACLS
LDT, TOERIRTEFALIC XD THEE T 5,
adjuvant )Rz WD oftic XoTH%L, 7eF1
fEic X hMgeT 50 EMRAFHILEL WD KEEH%
WiExo ILI mawEELL, oyt ¥ 7 PCA K
IETTe LTERT %5, ¥z Dffisy 4% kH, adjuvant
RO (i LBAGR T 5. B EBMINE © B gz WD
D7 F ML X OTHEF L, 1L subfraction 2i3 4
{levo £ LTEDEREE S ORFHME, VEFH
OB EBALIERAL D &, FU 7 EH LR MARR L
X ERT 5,

6. VBLBMERAS &M _EBARAD M BB BIE RS &
DR

BEEAREN 7T VAF -G LTEREhDZ E
12, EROEERIVBLhLDh, TOBELER
ERThBRIGE, RFEHLRTVWBEYRA 2 Y VEIE
RERIGE OSBRI LTREEL TN sh 51
BHUTOEBEITIeDN,

a) BRFER

EIEERRIE T Y R L e o RO KT, 10 £
OT ¥ - EEHREOLKH 1m! »EAEHT 5, T
CIXEH R B ET 50, EHERT DL
OBEMBIIKRECRKITL, chicy b5 k>
T, 2~3 P ATy RBEORRE &L 725, =h
CHRDZ < WD ofiNEARTTL2T, 2 BHCER
BERTHE, YROBMEELICL20HLT, 26EH
TR ERMRRRE D HBRLERDE R,

Biological Activities in Rabbits of Subfractions from Wax D

(3) Subfractions from Column Chromatography of Saponified Wax D (Tanaka, 1968)

Granuloma formation

HA Tuberculin Adjuvant
Antigenicity | Antigenicity activity Non-specific ‘ Epithelioid

WD mn # 3 #
I Saponif I: Dlip - - - - -
Dps H + - 1t -

|/ Sephadex G-50
. 1A H AL - - -
Nondialysate B I _ _ - _
I ok — - H -
Dialysate i} =* - - H -
Polysacch, Tanaka et al. Yasuhira et al.

* HA -, PCA +
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KICHSHEIER 0.1~3.Omg (MiK) DREHHR Y BH
MAERTOETIZHALT, MU HRERELITES
2, COBFITXEMHRBIICELHR L, YROTE
MK B8V, Zhic WD ¥ 2278 o BREA
ITled b, MBEBTIRSLHE RSB, B EBAITa
RS h, %ETIREAIRFPRRTE, R 2RK
BERTHRIEFEL LOFRAFEVHBL, chicks
NTHEVE ER MR, b5,

Bll2 oo ERKRT, ¥ K& M1 RMRRTR L
M, MEELTBbhD L5 R8I,

b) RERFRM

RELAR IO R Y KRy, RERBLVS
BRIECHBHLNTELRLIY, chbOMHTREK
MR OEEAIFEL Z LIC ST, H5IiMELT
ZHEOMERMALMNTELNE Lty ZOK
kTl XhicBIoORKI:, £ TFioErey PO
1o, ¥BEE A4t Freund o adjuvant A LT,
GHEAEXBLS LTERATHDN. 20X 5 kBt
ADEE 1mg OBBIEAL, BHoRT L ERICIAE

Table 6.

(1) Treatment of Newborn Guinea Pigs with Heat-killed Tubercle Bacilli

B MU OB

L, YROMBYBLEBLDTHDHZ LIXTTICRE
Li-Bh ThaAaN, Fhicbrahbbo Ty Gz £t
1.5 # A CHMHICILBIL, TORKBIZIETT S, &
otmoMiic WD i AT 5L, £#% 2.5 hAHET
LM AR B S, TORBERES 2D,
3H ALIEICIZHEN BRIV COL B Y RAED
W EREREDI L iz —KeT, TEOMENBHS
PHAL BRI TRARORMLITIS L, BTRAS
A, YEIGIREE1 PATTTi-MEL. 2P A%
BETHETHH, WOR EMRKIGL, BIc2h
BETR@WL, LEBC BT 5, Icksdkthl Z AW
Hizit, MIERPTTH S MM B8 L RIS A6 h,
SO HEROERILDICIMORELN BRI T,
FOYG ¥R T B, LIAD>T YR EBEREMR
OBy TTHERORBRAM:, FTORIMHIZEY
ME)BOT\ %, T LATEOMMIL, WHEKDTH
CABRETHS 5,

ELEy POETRHICEKBREE AT o B%

Tolerance-inducing Experiments

(HgRv 1mg ip)

Sensitizin . : Epithelioid nuloma in the lung

Animat o | “Raot® | Awe i aay | TG LA [ T T o

102 | + | 45 # + | #

101 | + 45 # + =

100 + 51 # + |+

98 ‘ + 51 H + | | ‘ #

97 + 51 - + ‘ i LR

% | + 51 + + | ’ A—

95 + 53 - + : ®

94 | + 53 + + | S

93 j + 53 - + + !

92 | + 53 - + -

8 | + 75 + + #

88 | + 75 - + H

87 | + 90 + + +

84 | + 99 + + +

81 | + 105 + + - o

o |+ 105 -~ + X Gh

79 | + 105 + + - ¢

78 | + 105 - + gen

% | + 120 + + - !

75 + 120 + + — :

73 + 120 # + _

72 + 120 + + -

71 + 165 + + - |

65 + 180 + + - -

64 + 180 + + - i

63 + 180 + + - i
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Table 7. Tolerance-inducing Experiments

(2) Treatment of Newborn Rabbits with Heat- klllcd Tubcrcle Bacnlh

(HgRv 1mg ip)

- Eplthcllold granuloma
Sensitizing Tuberculi Perit, Intrupulm the |
Animal No. ;x:jegit:?: Age In day :e:cu:nn tube::A foci of'“w';”“ D ‘* ' the unj"’__

K26—3 + 37 - - + ‘ - |

1 + 37 + - + ! # |

2 + 37 +H + + ; - ‘

6 + 37 + + + -

4 + 37 #* + + -

5 + 37 + + + | -
K27—1 + 37 + - + H

5 + 37 # — + #

6 + 37 # H#* + - |

2 + 37 + - + H# |

3 + 37 + + + -

4 + 37 + H# + -

7 + 37 + H + -

8 + 37 H H# + -
K24—1 + 57 H + + -

3 + 57 +H - + -

2 + 57 + - + -

4 + 57 + + + -

5 + 57 + - + -

6 + 57 - - + -
K25—1 + 57 - - + #

3 + 57 + - + #

5 + 57 + - + #

2 + 57 + - + #

4 + 57 - - + 1#

7 + 57 + - + H#
K20—3 + 73 - - + # :

2 + 73 - - + #

5 + 73 - - + H

4 + 73 - - + +#

Table 8. Tolerance-inducing Experiments
(3) Sensitizing at Birth and Resensitizing in Adult of Rabbits
i Tuberc. | Intr 1. Pulmon. lesion
Animal No. astesis;:ix Age in day 1;:32:0 Age in day ’I;‘l:e:zxt-c Resensit. r\(%avsg,c ofht‘):atlzli‘;li Nec;m Eﬁ—
_gloid

K37—1 + 54 - + # ‘ + # "

2 + 54 - + + + + #H
K35—1 + 48 - 94 + + # ‘ + H# H#t

2 + 48 - 94 + + H o+ H #
K34—2 + 52 + 98 + + # o+ # ++++
K33—1 + 120 - 166 - + # | + H# #
K31—1 + 124 - 170 - + # + ## it

2 + 124 # 170 + + # |+ # #t
K30—1 + 174 + 220 # + # |+ H# #

2 + 174 - 220 -+ + H# + Ht H+

3 + 174 - 220 + + H#H + H H#t

4 + 174 + 220 # + 1# + H 1#

C, AUAROETEATEBRERXITKS &, £8ILR
FTX5 Y RGBS e < B BB L, CoB%kT
RELLEREEBLYTRER e = OBWITEE DA
EAXTe ) &, BKALFEEVBbhsh, ThitiFs
HRBHBEYF L TORBRETL 2, ThbbEks

Ekioxt$5 Arthus MREH 3 & LK EY, |
ERRELXEST, ThooBmcBibhsZ LoRL
Twbo BED X 51T, ATHREFELVIFEL YR
W T B ERMRBEEBIC ST, WED R
YRTEEXBL LN TELOTRL S, REER
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B Mwaus HOR

Table 9. Tolerance-inducing Experiments
(4) Sensitizing in utero and Resensitizing in Adult of Rabbits

. Treatment with| Age In day | Tuberc, | Retreatment | Tuberc. Intrapul. : VPQI_":"‘V lesion s
Animal No. | b b oher brh | rene | MLBRC | TR D poamce Epun o
K50—1 11 30 - + - + ‘ +
2 11 30 - + - + |+
K48—1 9 51 - + - + + -
2 9 51 - + - + | #
K47—2 0 51 - + (+) + 0+ ()
K44—3 8 83 - + +# + ; + |
4 8 83 (#) + # + fh
5 8 83 - + (+) + # -
K43—2 1 83 (+ + # + +
3 1 83 (+) + # + (#)
4 11 83 (+) + +# + +
5 11 83 (+) + + + #
K41—1 5 132 H + + + +
2 5 132 +H + +H + +
K37—1 0 170 - + - + #
K35—2 0 203 + + + + | H#
Table 10. Effects of Immunodepressors on the Formation of Epithelioid Granuloma
“Sensit. | Intra- | Lymph- Lung lesion Hilar
D » D with pulmon. | Tuberc. Au_to- Lymph?- oid tissue| Non- Epith- lymph
rug osage tuberc. [instil. of | react. peied cytopema‘ depres- | Necrosis| specif. elioid node
bacilli wax D sion granul. | granul. | tuberc.
— - - - [ -
Control +—>+ | # | +
+ + # - - + + | # W
. o+ H - |+ - @ | # | -
Predonine | 2mg/kg —_— |
+  F 4 -+ | = | ab | # |-
+ o+ 4 + | o= | o+ | # | o# |+
Imuran 6mg/k —_— '
el L W T T L T T
6P omgig | T T |+ H d o+
+ o F e # ] - | = # | o#
AM-D 20ukg | T t __+, - + + LA CON B
+ + + - + - + | -
2w 2w g

KRR THLENTELDDN. T TRD X 5Kl
BB YRR BROMER 10 BATH DKL EE
2, #%5EHE 0.2mg DEAR{TEOT, REBARIT
DHEEXRF Lo BRIZRICTRTEY THD, Th
b O RRAERRIELBEEY TRy RORBINGEL, »o%
DEEXTTLDOD L5 THBHH, THhICHEIC L DK
erRAn2 e, £%3 AL ELOEYTIRIEY RO
HELYER LI, chboBic WD o i sEAY
e L, YREBEOHERTIE, AT/ HIVIF
HRFERP TR T 50R T, HERMBEZIES LV,
Y RGO BB TIX, B ERMRENES R 5,

TORBIELTER Y52, THbbAERT
b, RERBIRLAEERTIIME Lichoreht, B4
WA AE TRERMOEET S = &, H 1 EMEK
RRERBBMRBCRBR IR &, Y G LB KA
RRBEHR L OMEENRZLND & L EMBE ML oot
c) RHEMHAIC X 2ER
BIRELE oy MORRIFAB Y Thokl, YRO
RIS T 2B WD #EAT 2, o0 &
SHME 2R IND, O 1 BIREFENL D, 1o
o 1 BITIROMEAR Y b, KROEFE 5 4L
%o ¥Hlit Predonine 2mg/kg, Imuran 6mg/kg, 6-
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Merecaptoprine (6 MP) 6mg/kg, Actinomycin D(AM-
D) 20ug/kg T, £DWThrkEAMK L TR TE
M5, RBHIR 10 IR LM, BISREIRRE
e, SPBHIEXMCLEEI R, & L AM-D
EARTIE, TOGENMIIERCHONR, B LI
EHBEOSS, YRORBBBEIESIVYR O %KL
i1, AERRETCREB TZ ¥, b hic 6-MP,
AM-D B TYRDOMEE (RF, HRERBOET) 2nE»
Lhlie T o, KBfihoAmEKE, = Licy
v RERE oML, 6-MP BB C Imuran Al h
KRV, LHLZoRBmOTISTLL Y v
BOMBEEMRLITTTLIhDN, ZhizREY v
BTDY v EREEN, HENSRICTobhaicde
Bbhi, WDHEARMOKIIX, EALEHCIZE
BRAFCHE{EEL @R, iz AM-D B¢, ¥/
ZhiZR\VT 6-MP B¥ T4 B E BRI B 0 RBTH
Dfce FLEFEH T, KIERMEEY v ROk
BRETEL, FERGHBRCELELESTVD LV IR
Brfl, DERS L RENHFO I, AM-D, 6
-MP kW TR LBEDLR, YROMEE & ki
HEEAREEARL E-IBHIND LV BRERLT
Wite

d) HY vAmECk5ER
YRBEKCYE) FIAEERE LTY v AR
ThTWARE ZOMRRYMETS LiRLDOTY
R IUEERMBRBEUEA L EBINE0EARD
fediz, Y v, HMBOEOREGLTiebht,
MmEER X Levey &5 (1966)'W i X 5 4D TH
o FEELEyY POV VARBLIVEERLID, Th
Thilay H e, ChE2RIEALTHY v»3,
IUHRMmME B, - oHmiEL b Rk Ty
w7 VESRE, EEELE, MAKRTRINE miF
BEHE 5~2ml », H1GEEKRELEY PORBA I H
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545 MBELTUL EMELEY PO Bres Y
VEMALL, ¥PFHOZLLELE, bi- Freund o
complete adjuvant ¥ HTHEM L THHEYEIEL, —h
& FINFC B D 4 B i3 KBS PUBRT %, 3 Mk
RKamL -tk misd', FREER, TXTichioT
WD Dtk A% T\, LB il 5 % st L 7t
D, 2 MKRREHGIKT 5, MBIRINIELIZELT
5T, MKBHFICLD Y BROMEZLL ANl
VA, PIMI SR TR, R Y YA RREC B R
REDL NI, RRRTE, AMKRSHHTHTL
Y ROBENMHE R, Vv v BoEk sWT
bt WD AR coFmMIE, EX¥mMEs5 8T
3, PRI, 2RAY, WERMRERRY L L%
SRRBERBELHB LI, chicsL, #fiY v mily
5Tz, WIEXHLRAFHERL LD, LrdFOoRE
DB ERALDHBICHRTIEB0CFg0 D0 = EITH
BRI B 5 BT, HEBRHRE T, 1oEHE
RCHFIILE RO LD TH DO, x THRIEM
Y74y vRRORBBEELD, fimERSHcoR
BmHAEd R,
LUEBRRIERIZ LD ET 2 4BOEBD S L | 2 %
X, —YRIE, MERMREYRRIE, @mEOMEY
RLIcLDLERT A LNTEETHLAS, MxTH
FREARMBEREICA, E7 vA¥—RETIHEELC
SV ELRLTUWAER, ZhMNY viEkEFmoHhoRs
BAYETHIEEN, $2EOERTTEINT, Thbid
BB, YV vRRCXoTEEIhET L
A¥E-REDRBRTHAS LTHHMNYXLI>2LDT
5b5o

7. BLEBRRY AR

AR ROMEF EOXRTH 5 BRI, +
REFOFE AR Y v A HROZENRYBAK L D

Table 11. Effects of Anti-lymphocyte Serum Globulin on the
Formation of Epithelioid Granuloma
5;'_:': « g E: 4 “ ‘ g Tissue weight (8) | Lung lesion | Eég;:l(?:gk:;"l);l
59| Sg | 5o £8° =g | Fe | T T — =
2| 2E | B3 Bk 22 5B || o « | €8 | B2 & |
S| 89 | &8 3%5‘ s |58 (& | 2 | EE | € ® | G5 | 28 | ¥ | Tuber
25| SE | 55 B80S0 |5 3| 5 | E¥| 2 | § | BF|Zz| B culw
33' [= g E,_oi [ LE‘ < ) 2 ) 2 éa &a E ‘ lesion
Normal | + it + #4112 1.0/ 1.9} 1.7 H | H | # | 2.1 # # #
_—_) |
serum | 4+ f -16 + # —51 10| 20| 18| H | H | # | 1.6 4 # #
A:;gg’"c‘gﬁ + + 4+ —38 0.5 10| 20| — +H 15 — — #
_—_ﬁ |
serum | + H —64 + H —53 0.5 0.8 1.5 - H# 1.1 | +
Antithymic | + # + H# 432 0.8 1.1 1.6 | — + - | 08— — 4
— E
cell serum | + 71 + + 21 0.6/ 08| 13| — | + | — 18 -+
3w 2w i ’ } ‘
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Thbo, COWRRRIHEL I h&bhlen'h, ZcikBb
hdY vAROERCMLTIE, T<MEETE A
REVLDELTREINTE L, BEY v LOREE
LEOBEATESMIC IR BTV b, REEAMCHBLT
S5V VARIBUERIRTELDOTHEMN, Y42
VVRIGE OBIBMELAZ, U VAR LTV D
BEX L2000 DAL THOF ¥ BT E /-
BADRREZC KV CELAAHMMETL, ADOHILR
BEBL Y VBN BIMAS, TR X h o AR
CHEL TRbh D, WD ARERMIC is\ T | BAH
FARAEED Z LT CIRART LRI THEN, 0D
BICLINEIMD Y VN Y VAR THEMER TV B
REYLIZLIZADZLHTE D,
KMoy M TIERS TR S TE A R
TALNIERIC, KOZ L 2L 0nHol, 22 -
7V L EBINTERTEEYEA SR ICHBRMIC
2, FFEBRKENRCOT, MERKEMREMMOKL
FERRAFNEON D, H2 ALK, ORFO—FIC
Y VRO BRSPS, YV v FHORKAMNE
bhat, oY v FRcETHAFMRICER LM
RIEMRRbh 2, EAZhHR (BEER) 2, NE
CHEDEND TR, EXBHARRIBZDTHDT,
WEAFOBERMENE: ZECIE, TTICLyY va8
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