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Recently, the immunotherapy has been payed attention as the new treatment of human cancer.
Living BCG cells were the immunotherapeutic agent which was used the most widely both experi-
mentally and clinically. However, serious complications due to living BCG were reported in the
treatment of human cancer. The fractions of mycobacteria and synthetic compounds were examined
as the immunotherapeutic agent for the treatment of cancer.

In this symposium, we have planned to summarize the antitumor activity of living BCG and
BCG cell-wall skeleton in experimental models and their mode of actions, and the clinical trial
of BCG cell-wall skeleton in human lung cancer. The results presented here will suggest the
possibility and future direction of the cancer immunotherapy with mycobacteria and related
materials.

Dr. Tanaka reported the experimental model of cancer immunotherapy with living BCG by
using line 10 hepatoma in strain 2 guinea pigs. She suggested that dose, and culture condition of
BCG, tumor size and immunological status of host were important for the regression of tumor
and the induction of tumor immunity in experimental tumor system using guinea pigs.

Dr. Tokunaga presented the mode of action of living BCG as the immunotherapeutic agent
in experimental tumor systems. The adjuvant activity of living BCG on killer T cells and macro-
phage may play the most important role for the antitumor activity of living BCG in experimental
tumor systems,

It was also shown that genetic background of the host affect on the results of immunotherapy
of experimental models.

Dr. Azuma reported the purification and immunological property of BCG cell-wall skeleton.
BCG cell-wall skeleton was shown to have potent adjuvant and antitumor activities in experimental
systems. Dr. Azuma reported that the cell-wall skeleton of Nocardia rubra was more advantageous
than BCG cell-wall skeleton as an immunotherapeutic agent in human cancer. Dr. Yasumoto and
Dr. Morishita applied BCG cell-wall skeleton for the immunotherapy of human lung cancer. The
survival periods of lung cancer patients at stage III and IV prolonged by the treatment with BCG
cell-wall skeleton in comparison with those of historical control. Intrapleural injection of BCG

cell-wall skeleton was especially effective for the treatment of lung cancer with malignant pleurisy.

* From the Medical School, Osaka University, F ukushima-ku, Osaka 553 Japan.
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The immunological status of the host was improved by the treatment with BCG cell-wall skeleton.

It was also shown that the hematogenous metastasis was prevented and resistance to infection of

host was enhanced by the treatment with BCG cell-wall skeleton.

Serious complication was not

observed during the immunotherapy with BCG cell-wall skeleton. -
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Intradermal Growth of 106 Line 10 Tumor
Cells in Guinea Pigs Immunized to Living
BCG alone(A), to Living Line 1 Tumor Cells
alone (O), or to Mixtures of Living BCG and
Living Line 10 Tumor Cells(@, A).

Fig. 1.
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The results of two experiments are shown. In experiment I,
five guinea pigs were immunized intradermally with BCG alone,
and three guinea pigs were immunized with a mixture of BCG
and line 10. Each of these eight animals was challenged with
line 10 tumor cells 35 days later. In experiment 2, three guinea
pigs were immunized intradermally with line 1 tumor cells alone
and five guinea pigs were immunized with a mixture of BCG
and line 10. Each of these was challenged with line 10 tumor
cells 31 days after immunization. The difference at day 21
between tumor nodule size in animals immunized with BCG
alone, or immunized with line 1 alone compared to animals
immunized with a mixture of BCG and line 10 is significant,
at p=0.01, as determined by ¢-test.

2) AN OEERE (tumor burden) VI Z
& BlxiE BCG [EBPIESTSEE ClES & 500 mg O
BA IO RIL20HE T+ 5, 202 &1k BCG
BEMb OB e T ARk E LTEEN S AFLT
5o

3) {#ifl BCG BT EEND D, T ORE TR
K usEE & BCG = v 27 PLTWAH T E
TH Y, BECKT BEBED 2 7 = X a5, Zhn
B OFERE O ST TAEEERMERE L D &%
WRLTA
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BCG DM ENFAR~ Y A TR ESFBIN L0 T
HOZ L EonDERYRLIN, FRELEY FT
SRENL XS R OESEE NS JOREEEOR)
Ra DB ENTEI,

1) (A ¥ 70k AREGM+BCG) By 77 v
DR NTES,

2) JZPUT establish U7c[RIES, * 703 ik
L7 MCA FEZjah~o BCG o E#Est (EfFH
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Table 1. Prevention of Growth of Lymph Node
Metastases after Intratumor Injection

of BCG
‘ Response of guinea pigs
1 to intratumor
| injection of BCG
Group | Treatment |— T

‘ Intradermal | Palpable
| tumor | lymph node
‘ regressmn* 5 metastases’

BCG I.T. 6/8 2/81

Diluent I.T. 0/8 { 8/8

3 | Excision | 8/8

* Ratio of number of animals with intradermal tumor regression
to the number of animals tested.

T Ratio of the number of animals with palpable lymph node
metastases to the number of animals tested.

t The difference in incidence of palpable lymph node metastases
in groups 1 and 3 is significant by the Fisher exact test at
$<0.005.

1.T., Intratumor Injection.

Table 2. Response of Guinea Pigs to Intratumor
Injection of BCG

Experiment BCG treated Control
8/12 | 0/4
2 10/15 0/12
3 6/8 0/7
. 24/35 0/23
Total (69 percent) (0 percent)

The results are expressed as the ratio of the number of
animals with complete tumor regression to the number of
animals tested. The difference between treated and control
groups by the Fisher exact test (7) is significant at »<0.01.

#: BCG [E4iE: vs. saline ST >249H vs. >
169H),

3) BCG ik, fL2Eiih, ARRE ThTh o %R
DK 2),

4) [EEME+BCG o optimal 7tiE&H,

5) BAV 7 F VI XHHBEFEDETNVERGEES),

LAk, BCG #EiEDRRICOWCHEERBRO M L h R
HL, WEGDELWREZOFRBCHAFLTLHLFL
NEOTERNEICEN D Z E2Y D OOoELRE £7,

X ik

E)VE w b @%E%%J:U'qu;u
1) Zbar,B. et al.: Science, 170 : 1217, 1970.
2) Zbar,B. et al.: J.N.C.I., 46 : 831, 1971.
3) Zbar,B. and Tanaka,T.: Science, 172 : 271,
1971.
4) Zbar,B. et al.: J.N.C.1, 49 :119, 1972.
5) Rapp,H.J.: Israel J.Med.Sci., 9: 366, 1973.

6) Zbar,B.et al.:
1:127, 1976.
7) Bast,R.C.et al.:

Cancer Immunol. Immunother.,

New Engl. J. Med., 290 : 1413,
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Fig.2. Cumulative Mortality of the Different Groups of Mice According to their
Treatment, and their Effect on Tumor Immunity (Expt.2)

1 100% - 6 100%
Control Control
10mice 10mice
2 100% T —f—,
BCG _‘_‘_‘-‘g———=—._ ~ | Bee 8
—~ 10mice (4) .2 | 10mice (7)
S 13 100% Z |8 100%
'S [Xenog.cel 2 U):J Control-
5 | 10mice (0) lz(en_og
a - mice
4 100% [TRYETIT) 9_100%
Chemoth, Xenog.
(CPM) cells
10mice 10mice . n |
5 100% 9 0 25 50 75
Surgery
9mice ) , (0)
L

0 25 50 75 100 })(‘)a"m 100% |
Days after inoculation Control L‘-|
10mice s ! 1
A) 0 25 50 75
Days after inoculation
(B)
Presensitized with BCG (6,7) or xenog. cells (8,9)

Animal : Nine- to 14-week-old SWM/Ms males were used, and mice shown in (B) were presensitized with
BCG (10") or AH-62F (2.8x%10°%) intradermally 86 days or 19 days before the tumor inoculation,

respectively.
Tumor ¢ 3-Methylcholanthrene-induced primary tumor No.111273.
No. Treatment
1,6,8 Tumor cells (2.8x10°),
2,7 Tumor cells (2.8x10°)+BCG (1:10).
3,9 Tumor cells (2.8x10°)+AH-62F (1:3).
4 Cyclophosphamide (CPM), 50 mg/kg twice a week for 7 weeks.
5 Established tumor nodules (av.8 mm in diameter) were excised 10 days after the tumor inoculation.
10 Tumor cells (5x10° cells, 2nd transplant generation of the same tumor).
Chemotherapy.

Surgical excision of tumor on day 10.
Tumor-free mice (No.is indicated underneath) received tumor challenge (5 10° cells, 2 nd transplant
generation of the same tumor) on day 43.

G e

Table 3. Effect of Immunization with Tumor Cell-BCG Vaccine or with BCG on Distant Tumor
Deposit in Mice

Treatment No. of mice No. of mice
. tumor—free acquiring
ng?ﬁ ti)'lank LefEL%mk I\g;' on day 652 tumor
Group No. mice immunity
On day
Rt Lt (93) 127
Lt

2-A Pre-sensitized | Tumor(106) +BCG(107) Tumor (106) 5 4 0 — —

to BCG (—55)
2-B ” Tumor(108) + BCG(107) Tumor (105) 5 5 2 2) 1
2-C " BCG(107) Tumor (108) 5 — 0 - —
2-D v BCG(107) Tumor (10%) 5 — 1 (1) 0
2-E — Tumor (108) +BCG(107) Tumor (10¢) 8 4 0 — —
2-F — Tumor (106) +BCG(107) Tumor (105) 8 7 8 (6) 5
2-G — BCG(107) Tumor(108) 8 — 0 — —
2-H e BCG(107) Tumor (105) 8 — 8 %) 1
2-1 — Tumor (106) +BCG(107) — 8 7 — 5) 1
2-] — Tumor (105) +BCG (108) — 8 5 — 2) 1

Pre-sensitized | Tumor(108) challenge cont. 5 0) 0

to BCG

Animal : Ten- to 13-week-old SWM/Ms male mice. Tumor : 3-Methylcholanthrene-induced primary tumor No.090474.
a) Tumor-feer mice received tumor challenge (10° cells, first transplant generation of the same tumor) on day 65 in left flank
(Lt) intradermally.
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Fig.3. System of Experiment (Table 3)

65 days
moculatlon

Tumor cells BCG(107) or
0, 105, or 10°
105 +10°
108 +107
1974.
< ADER
1) Tanaka,T.and Tokunaga,T.: Gann, 62 : 433,
1971.

2) Tanaka,T.: Gann, 65 : 145, 1974.

\///

Evaluated
on day 127

Tumor-free mice received

tumor cells+-BCG tumor challenge(106cells,id)

on day 65

3) Tanaka,T. and}Sasaki, N.: Gann, 65 : 395,
1974.
4) Tanaka,

1975.

T. and Saito, T.: Gann, 66 : 631,
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FRERETH D EHHBN D X 5 IIeDT,
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[EESOH, B\ xT OFIIC BCG #EAT 5%
&z, Foipic BCG thf4 aMRERIGHAET, <
NCEEORMER R LBENDH B LN, AREHDRE

TS LHPEIRT WD, oD X 5 7t BT BIHEE
(local immunotherapy) &MEN 523, ARECHT2
BCG DFEMNLDE LW OLMTRIN TV EDIEID
BATH D,

DG DIEFABRIIRD 3 ODAT » 7DD &
Ez bh b,

A. BCG % RFNCIEST % & RN LERIE B,
BCG #BAREET S, TOME, ~7r 77— U0
Rt IEEAL S h, £ OBCHEES % EE M L
THBHNCE R, “DAT vy FIIET Y v ERIIB5E
3, RIS IRRETH o T, PRI
THIEINIERTTH B, EEHSHEA LooH 0% G
DEHINVIRFE B %,

B. &M% BCG LT At hiE ) v M B L,
THRGHIR TD BCG BIET V v < EROZFEH Fe i % {2
T, TV VBT APIRTEER LT EBRTC v T
% BCG o845 Lfla DA =— 2 — A4
by TDAVE— - LY ER SN~ T7 7~
D%, B OBBMNasY BRCHEET 5, - 0BT
i, EEES b~ 2 r Ty — O EEMREEEC RS
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bhTuwb, ZOAT» 7L, Y1279 VRIGKEWL
2 5 RS LT 5 BCG I BIN L R IE 5
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FaxgdT~xrs7r 7y —PRARSH, TURERIIHER
I T ruerdh T, EBHEREEY v 3L,
[EE A W5 LB bh b, CDAT v 7HkEE
DFRBTHY, =7 =7 2—1EF 75— THETH DM,
BCG M7 a v e oTH5—THanNGEEsh
B8E ORI BRI S T,

EEIIIU ED 30D AT v FHVRFTCIRE L AR
TEHDTTH DN, RFBINERDOIET LickEs T,
A XY B, BXhCORIGHER LI Z &2
gahs,

3) BCG n2Hm%R

BCG #:f6t%, FUg Y v <Eihofufk i 4 M B 50
polyclonal [ B§in4%, 775 LKE#ET5 L BoHiEk
PEAKIRBUIE LA L, =27 »m 7 5 — i
& 7o AR MRS S h T B,

BCG iz & h £5WARNIRIEILEh, H—Rv 2
7 VAERENERT S EEEL b SR T w
%, ¥tz BCG A B DIESHF AT Ui D B i3
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I EXEEIRHLEEIMONTEY, IRV ATV T
R 1 T 7 & ORIFAP S AT O RGuc -4 5 3k
FERESIELIRT 5 2 bR T b, ZDX5
TR, JRRECIERIA e E DI EY 52 5 TH
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4) BEDOEEDHESR

SWM/MS & C3H/He @ 2 Zffid~ v 2T BT,
MCA FgJic X 5 BCG OFFighRA w0 Clamil b
BABE TR By, il BCG 4gstk o PPD
R 20D, MiECRRINE, BETHERE TH
DIcDTH D, TOINEW LT THEEREBTIEA
FOEAC D TRIEL, *OHEREETH D 2 &H
b,

BCG iz k % @5 ORI, EEoMEE, BCG o
BERE, BE5E, x4 31v 7, BEOKIERER LY,
LESFOERC I OTHELZT 528, DL 5CH
BHEEOEELZIT L W LNEEL NS, &
HZ DBETF LB A LR L L OBE, H5
Wik BCG EIE M oMiay ~ v ToMiTis &, Wi
NEFRDLFEEE 2 DD, GERPIEE: )T Wi
RRET, ARSI, BIET),

3. BCG #ffegt (CWS) & & U'BSEMHENHIESEN & T OIEABIE

KRR EFRER 3 AL

JE4FE BCG 4B % FI\ % 8 D Sule Rk BRI A <
HAuvbh s, BCG AEIEIER, RESHE
EOMIENE IR T 5, bivbiud BCG 48 & bk
B 7 Bt 5 (BCG-CWS) 2 SEBAIEES F T\ i
[EEEE LR AT A o EaB b L, £ OMERBEL K
L7, BCG-CWS 1387 e MO GEEFfEI VS
hoob 525, Hfebiubhil BCG-CWS Bl
ANREE DR & o DHUES G OfGET, T Zh Bl
MU fBE D FE MRS B DL AR AT 72D T B,

1) BCG-CWS D¥Hl& fasasitik

BCG B % PRI 7o J7 3 CRR, 33045 B8 T3 Hl
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CWS ##8%, BCG-CWS (LI a—ifif, 75/
S8V, AaXTF FOSESLLIRD, #ESO4
{EEAIPEIRIC S T Cle bbb Lo T Bae

oW R

Table 1. Antitumor Activity of Oil-attached BCG
Cell-wall Skeleton in Experimental Systems

A. Suppression and regression
1. Transplantation tumors in syngeneic guinea
pigs and mice, line 10 hepatoma in guinea pigs
EL-4 leukemia, melanoma Bl6, mastocytoma
P815-X2, fibrosarcoma in mice
2. Autografts of fibrosarcoma and spontaneous
mammary adenocarcinoma in mice
3. Autochthonous fibrosarcoma in mice
B. Prevention of metastasis of cancer (AH 130) in rats
C. Prevention of chemical carcinogenesis
1. lung cancer in rabbits
2. pleural fibrosarcoma in mice
3. hepatoma in rats
D. Improvement of depressed immunological functior\l‘

in tumor-bearing mice
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Fig.1. Principal Chemical Structures of BCG-CWS and N.rubra-CWS

BCG-CWS Phosphodiester
" Ester glycoside
i Myecolic acid }-——1 Arabinogalactan —J‘ Mucopeptide
C70-Coo D-Arabinose 2.8 Alanine
a-Cyy D-Galactose 1.0  Glutamic acid
B-OH @, e-Diaminopimelic acid

N-Acetylglucosamine
N-Glycolylmuramic acid

_ N.rubra-CWS

Phosphodiester

Ester linkage glycosidic linkages
H i | T T .. |
i Nocardomycolic acidi ‘[ Arabinogalactan ;—" Mucopeptide !
C 40-C 45 D-Arabinose 2.5 Alanine
C.C D-Galactose 1.0 Glutamic acid
=L 107 1 a, e-Diaminopimelic acid
B-OH N-Glycolylmuramic acid

N-Acetylglucosamine

Fig.2. Chemical Structure of 6-O-“mycoloyl”-N-acetylmuramyldipeptides

R-(;JH-C'!H-CO-OCHZ
OH R’

HO 0

(o]

H-OH

NHCOCH4

H,CCHCO-L-Ala-D-isoGIn

3

Myecolic acid Residue:

R-(;H-(EH-CO-

OH R’

Myecolic acid (M. tuberculosis Aoyama B) R= C4g3.57 R'=Cpyy
Nocardomyecolic acid (N. asteroides 131) R = Ca1-43 R’ =Cjo.14

Corynomycolic acid (C. diphtheriae PW8) R = Ci1-15 R’ =Cyo_14

THTW5, RAEEDHETE LR Ao mycobacteria,
nocardia, corynebacteria D#ifaBEd, BCG-CWS LA
BoFEAMEELET LR 1),

}E BCG-CWS i3= v &, EAEy MIBT DI
ke, BIER T Lo ¥ — EERR E XAE~ 7 A
kit 2 killer T $ifaopedre K L, BT 2 2 s
v MNEMEETS, < ATHIOBY v B LT
W~ A b Y VIEEERT,

2) BCG-CWS D#ifESEM

%= 1ER LK X 5 i BCG-CWS % 7] Ry & Ok
#ih (Drakeol 6 VR) THE L, 0.2% Tween 80 %%
otk oil-in-water D TIEHES R FHHT 5, L

gy e BCG-CWS (% strain 2 €€y b D [
% line 10 ~.¢ b ——, < v ABAHEEE D EL 4, mela-
noma B 16, mastocytoma P 815, MH 134 7g sl
S O EIEIE A R L, AR 25, R
B DFHEN RS b, T~ Y AL T
Zob D EEESEE (BRC THIR) o KT BCG-CWS
POERBI Yo TEE SRS 2 ENTFRETH D Z LHURS
Nz, FroALEREHIOBR S IO THERINDL V¥
fififEss BCG-CWS O#HIC Lo T T Sh .

B#E BCG-CWS (3fifif, Stkmmis, ErRam,
W & e b OFRERIECIE AL HLRTE D,
IR R TIRE 2 BT R LB 7R IER R A D bh T

W,



530

3) BFR~ORZ

Brebhuibhit BCG-CWS L REEDHEAMKESYH T
% Nocardia rubra OffiffakEnss BCG-CWS |t U CEI
TERN LD D7e<, oLV EWHIEBEREH TS 2
EaRIML, v MEREEERERCISA 3 RN i
2Tl o T 5, FiZ BCG-CWS %13 U &3 B4
HIBBED 7 2 o 3 v b (SLEEBERR) 1GOOIk M BALT ©

W OE52% F 105

%5 N-acetyl-L-alanyl-D-isoglutamine % {b22&H L,
WEEHID B L $ 2 - By =27 AEE S
6-O-mycoloyl-N-acetylmuramyl-L-alanyl-D-isogluta-
mine (X 2) 23R EEINCH LERV T & 2 23V |
EHERRL, ~ v ARREICK LIl b b hES
EEERR T, LLEOBRIIMEEEG I X b FEarefRikH
PEOR LWL R T LD TH B,

4. BCG HHREEEIC & 3 & | FiEEORERE

EsombElna ey - & G A IE

JEB g DA 1o C, HEEEOHESELE
FHLBEMD 55 X5 Dl, FD X5 koS
T, hivbhiES R B E L BERE
IMY v BRI L % microcytotoxicity assay #E KT X
7’:1)2)0

SENKRBATEE S, IEEIERE, Wik & s
DEBEEE R LU, BCG-CWS fuiissiks 23 1- i
BECOWT, FEHEETERBEHE GO BE2D, b

Nbh O LR,
1) AENEEEOHESERY
TRIEERTIT AR Ot M (QG-56) wxd+ %M
MREEEAL 25 E, 1HI50%, LiH46%, MiH39%,
Wi29% T, JEIIDETC W HESETE X E T L
7o BEREA, BEEiZE Tl320~30% DETH D1,
2) MEREEREORIESENY
NFEHLAE R D MR 1360 % & 5D TE\ Ml T

Table 1. Effect of BCG Cell-wall Skeleton on Lymphocyte Cytotoxicity
against Cultured Lung Cancer Cells (QG-56)

Cytotoxicity (%) ®
Stage Number of cases - - - P value of augmentation
Before any treatment | After BCG-CWS®»
I 3 50+18 66+10 NS
I 9 46+14 59+16 0.05
I 25 39+12 55+11 0.05
v 15 29417 55+ 16 0.05
a) Averagezxstandard error.
b) These examination were performed at 4th month after the first administration of BCG-CWS.
Table 2. Immunotherapy of Lung Cancer with BCG-CWS
Clinical stages Survival rate at Median survival Statistical
treatment cases 12 months 24 months 30 months (months) significance
Stage T
control (16) 88% 79% 79% —
BCG-CWS (11) 100% 100% 100% — »
Stage 10
control (26) 67% 43% 35% 21.0
BCG-CWS  (16) 92% 55% 2% 25.6 h
Stage I
control (72) 27% 7% 7%* 7.2 £<0.05
BCG-CWS (64) 78% 35% 25%* 18.0 ’
Stage IV
coiltrol (43) 5% 0 0 3.4 $<0.05
BCG-CWS (37) 51% | 2% 0 12.2

*Survival rate at 27 months.
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L, ZOBECERMiEEORES 5 I ORI
MBIRTH O, DI LMD, JikEEEIIR IR
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Fig.1. Survival Rate of Patients with Lung Cancer (Stage III)
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