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The 56th Annual Meeting Special Lecture

IMMUNOCHEMISTRY OF TUBERCLE BACILLI,
WITH SPECIAL REFERENCE TO ADJUVANT ACTIVITY

Ichiro AZUMA*

(Received for publication September 9, 1981)

Tubercle bacilli have been shown to have various biological activities. Especially, the immuno-
adjuvant activity was known by so-called “Freund’s complete adjuvant”. In this lecture, I have re-
ported the adjuvant activity of the cell-wall skeleton of tubercle bacilli and its clinical application to
cancer immunotherapy. The chemical synthesis and immunological properties of low molecular
weight adjuvants related to bacterial cell-wall skeletons were also described.

We have shown that chemical structure of cell-wall skeleton (CWS) of tubercle bacilli, such as
BCG, was shown to be “mycolic acid-arabinogalactan-mucopeptide”. The details of biochemical
and immunological properties of BCG-CWS were examined. Oil-treated BCG-CWS was shown to
have potent adjuvant and antitumor activities in expcriméntal tumor systems such as: suppression
and regression of syngeneic transplantable tumor, prevention of carcinogenesis and the restore of the
depressed immune function to normal level in tumor-bearing animals. BCG-CWS was applied to
the treatment of patients with lung cancer and acute myelogenous leukemia. Significant prolonga-
tion of survival period of cancer patients was observed by the immunotherapy with BGG-CGWS in ad-
dition to conventional therapy, compared to the control group which was treated with conventional
therapy alone. We have also found that the cell-wall skeleton of Nocardia rubra had more advantages
than BCG-CWS as cancer immunotherapeutic agent. The efficacy of N. rubra-CWS as immuno-
therapeutic agent is now being examined by randomized control clinical trials in patients with lung
cancer, leukemia and gastro-intestinal cancer.

In 1974, Ellouz and her coworkers have reported that the minimum adjuvant-active subunit of
bacterial cell-wall was N-acetyl-muramyl-L-alanyl-D-isoglutamine (MDP). We have chemically
synthesized various MDP analogs and derivatives and their immunological properties were examined
in detail with special reference to the relationship between the chemical structure and adjuvant
activity. MDP and its analogs were shown to have potent adjuvant activity, however, they have no
antitumor activity in any transplantable tumor system. Among the MDP derivatives, we have found

that 6-O-mycoloyl-N-acetyl-muramyl-L-seryl-D-isoglutamine and methyl ester of 6-O-quinonyl (-QS519)

* From the Section of Chemistry, Institute of Immunological Science, Hokkaido University, Kita-ku, Sapporo,
Hokkaido 060 Japan.
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-N-acetylmuramyl-L-valyl-D-isoglutamine were active as cancer immunotherapeutic agent in transplanta-

ble tumors in syngeneic mice and guinea pigs.

The above results clearly suggested that tubercle bacilli and related substances are very important

materials for the study of immunology and also for the treatment of malignant diseases.
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NAc-L-Ala 70 S13 7 & a3V MEWEZRE RN &%
s Ute, B A RS A AV C MurNAc-L-Ala-
D-isoGln, MurNAc-L-Ala-D-isoGln-L-Lys-D-Ala 7z
EDLT IA_RTFF, AT AT FITRTFFIREN
7 0y b iEMA R 4 Y, L-Ala-D-isoGln-L-Lys-
D-Ala, L-Ala-D-isoGln-L-Lys, MurNAc-L-Ala /¢ &
DAET IVEERRRTFFRLT IAT S 7B, 7
Doy MEEERL 2 EERBILMD L, S bInEIE
¥ MDP s8®L vy b iZk\W\ T ABA-N-7 w51 -F
ey, $Ea-7 5 (BaA) i35 EIER 7 v
3 — DFeEL= BaA, DNP-Lys-Ficoll, v ¥ iRk
W B AP AREARIC R LT 7 ¥ 2 4 v MR R
Fo &, ¥l THEC L TLIEEYET LS
EEPLMNT LIS,

MDP bk & 7 2 o -3 bEEOHBIC DWW T
FLIL 2 N £ OIFTEN R ST,

1) &7 3 vERERE

MDP 7 ¢ o AV MEEFEIIC 4 T § VBRI D
ATHY, OXTFF (FRFET P ITXTF V) DAT
1372 oY MEEZH LW ERB LTSRS,
F3513 MDP 28 pH 11.0 DL ED7 A H VETT 7 F
NRFF RS 5 Lav MDP s - OY MurNAc-
L-Ala-D-isoGIn-L-Lys-D-Ala 0> 7 /L % V) 53 4 B4
L# % b s lactyl-L-Ala-D-isoGln, lactyl-L-Ala-D-
is0GIn-L-Lys-D-isoGln 0 7 2 o 3 v MEHEIZDOWTEH
BEtLicnwTh it tholc, Adam 5503 MDP
% NaBHy TEILELTEONAH LT Y P AV T

F% norMurNAc-L-Ala-D-isoGln 73 7 & o v ME
P RE T ERALNT LI,
FILTEASN S (FHRAE) Lo X b E
OFEER R T A FF DL E y P KTD
ABA-F v v VIR 5 BER T VL F —RBA~D T P
a3V PGSO TRES L, MDP ikl A G &
7 o A v MEEOHBIBRIC IR DRSS L,

A) %»%%%55)56)

a) BEERAE cyclitol TIXRAH TE T, BRRFEERAN
DETH Y, H> pentose TIIfLH TEXJ hexose TH
B LA,

b) lactyl dipeptide DfEANLE X C-3 fLDIKELFEIC
FRHM %, lactyl ZRX DI TH % & LA,

c) $E configuration TR GBI ET S D-
gluco-form (& i Vi), D-manno-form, D-galacto-
form THIULE I\,

B) Mo o ks

a) C-2 {7 deaminoft, #7:1% C-4, C-6 LD\
Thhk deoxy ki 5 LiEHEILHEKT %,
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£33 A7 1a7F FRAKEEDE LTy MBI
DREMT v F R T ATV 2NV
R
s | 7 qEeE pem SBRS
2 |oanniaasR
1 i mm| mm
Exp. I j
1 | t-Alanine (MDP) | 100|21.3 18.0
2 | p-Alanine 100! 0 0
3 | B-Alanine 100 O 0
4 | Sarcosine ‘ 100 0 0
5 | a-Aminoisobutyric acfd} 100 | 22.9 | 20.9
Exp. II 1
6 | L-Alanine (MDP) | 100 | 21.3 | 18.6
7 | Glycine 100 ((11.0)| (5.6)
8 | L-Proline | 100 | 13.1 11.6
9 | L-Serine 100 | 23.1 | 21.6
10 | -Threonine 100 | 22.4 | 21.7
11 | L-Valine 100 | 25.2 | 24.6
12 | L-Methionine 100 | 24.5 | 20.9
13 | L-Glutamic acid 100 | 20.9 | 17.5
14 | L-Glutamine 100 | 21.5 | 20.4
15 | L-Lysine 100 | 14.7 | (9.3)
16 | L-Arginine 100 | 20.6 | 15.9
17 | -Histidine 100 | (9.9)] O
18 | L-Phenylalanine 100 | 21.6 | 20.3
19 | L-Tyrosine 100 | 24.4 | 20.9
920 | L-Tryptophan 100 | 22.4 | 19.1
Exp. II1
21 | L-Valine 100 | 21.1 | 19.8
22 | L-Leucin 100 | 22.4 | 19.6
23 | L-Isoleucine 100 | 21.3 | 19.1
94  L-Cyclohexylglycine 100 | 19.9 | 15.9
SHERE | (FIAHIABA-5 = & v) o | o
*HEEE 2 (FIA D) o | o

a : MurNAc-X-D-isoGIn
YT 6 2R, () BRI AT,

b) C-1 fifi% benzylglycoside T4 & <, aF 7=i%
B-anomer T X\,

¢) C-2 fizo> amino FITHEA LT 5 acetyl FA-fl
DEHSL (stearoyl, methyl) WZEHR L T HIERIZERD B
hp, Ficlfiio amino FETHOTL X<, KERHET
L CHIERIED bR D,

d) C-6 fZokfEHIY amino #E¥ 7ol acylamino
BB LT IERIZED BN 5 (E6),

e) C-6 fiLa amino % 7C(¥ acylamino K & L7C %
# C-2 iz acetamido #£# stearoylamino Hyz-45 &
TEHEERT %,

2) L-77=vik#k

MDP o L-Ala E#i%a L-Ser /g X i 7 3 / BiEkR



602 W OB 56 % B 125
HOCHy HOH) Acyl:-COCHppCHy  (L24)
OH 0 OH
HO HO ~COCH(CH}3CHa
NHAc NH{ACYT] Cpacry (B0
CH3CHCO-L-Ala-D-isoGln CH3CHCO-L-Ala-D-isoGlIn
(MDP) OH
AcyllO-CHy BEFEHNGH, 2313
0 OH OH OH
HO HO -COCHCH(CH)22CH3 .
BH48
NHAc NH_AC ((’:H2)21CH3 ¢ )
CH3CHCOX-DiisoGln CH3CHCOX-CisoGln
X: L-Ala X: L-Ala
L-val L-val -Mycoloyl  (C-80)
L-Ser L-Ser

® 5 MDP Ffifko 7~ 1L Stk

FICER L CLEELRT & 3T Adam 5,5,
Kotani B5 {2 LD TH LT & R fe 28, FAFLS® |3
L-Ala Z2HA o 7 3 2 BRI &I L MDP [k
2R LFEARL, FDOT Y a AV MEMEZ ELE »
MT T 2BIER 7 v L F — DEBRFRE A TR Lz,
#F 3R Y X 512 a-Aib, L-Ser, L-Val, L-Met, L-
Glu, L-Gln g K07 ¢/ BEFRICEH L MDP %
A1 MDP L[A4EL ED7 2 a2 Ay MEHERLE, —
77 Gly, L-His, L-Arg, L-Lys 7z X CE# L7 MDP
FBARIERD TR T Y a Ay MEERRLCICT 8
23otz, —7J5 B-Ala, Sar, D-Ala, D-Val 7 & T
Ehic MDP AL T & oAy MEEETI A0,
MurNAc-L-Ala-D-isoGln % MDP & Rz #5435
& MDP 07 2o AV MEMHEIIE T 252 &3 BHE
T2, BEo iy v #dt, D-7 3 @l
[B# U7c MDP [ 3iEMER 4 Lig\, B 7 © 0 BRpsdt
B0 MDP 07 2 o 3y MEBILED TH, Flo—
BRI D % 7 3 7 BFRH: (L-Ser, L-Val, L-Ala 7¢
&) TEH L7 MDP FHE2R 7Y o 3 Sl
BobolimlicGFs),

3) D-2' & 3 VERFRILSD

MDP ¢ D-isoGln s 7 3/ Ei7Ek: (D-isoAsn,
D-Nle-NH,, D-Ala, L-Gln, a-Abn 7z Y) TE#L
72 MDP [AEAIZI57 & 2 AV MERIZFED s ho
72o FAIL®1E MDP o D-Gln ZIEic kit % a, 7 H
RYBRET Y o v MEWRED H B % B3 570w,
MDP o> L-Ala 734 L-Phe, L-Lys, L-Val T
L7z MDP [tk D-Gln 2% 2 L= A5 1,
7 I NMELEDT Y o AV MEMABE L, D-isoGln
D V-HNVAEVBHR AFA=ATALETEHEHBNNCT
Pa AV MEERNEAOL, @, r CHALRVEEE A F A=
ATMAET B LB EBIEWMA T2, Lrle, 7o
ANKRVEERST I ML LIALBT RN TT 2 2 Sy

MEEDOZEIIETIXRD e sy, & Fiih~ie
£ 51, MurNAc-L-Lys-D-isoGln |1 1 2> TES\ 7 &
2 Y MEWERRTICG Elehotket, o D-Gln 7
BDa, 1 hVAVERE AFAL= AT ETALBRT I F
T2 E07 2 v MERIHRSh D, HkS D
Z &iZ, MurNAc-L-Lys-D-isoGln & L-Lys Z# o
HWE7 3/ ER T e FMET B LR EDTE T Y a Y
MEEDOEBNRD bh b, THbDHEFEMNDS L-Lys
B IO D-isoGln DEHET 3/ Fods LU LA v ERHAN
MEZMSAOGTFHRIERRL, 7Y v bERR
BEEELTC 20 SRS,

8. MDP Q7L IILFHHEE

MDP [ AIEMIEEED 7 2 o v MERFEE R/ ME
R E UCHES S hfo s, MDP i ¥ick~ 7
BCG-CWS, N. rubra-CWS = P, acnes~CWS, L. monocy-
togenes-CWS /g LI L TCED T ¥ o AV MEMEOFKT
BRI 0, o 2 FRBHEEERCH LT
R B THUESEE A /R &, MDP & 2 h s CWS
& DAEALFERER OHE & LT MDP 3353 F 8 492 DK
BHEST7 2 2V 1 THDY, —J BOG-CWS, N.
rubra-CWS 13 32— A, 75C€ /75 7 2y, A=
T FLEREN SR NEESS T Th D, Itk
b CWS 37 2 o v Mk X O HUEEIEE: A58
LD 2 - A B FRAE T Y 2 3 MERE
FELRVD, 722 MEERETTHD Aa2SF
FIZIEEE R 5L, 79 2 v MEBLOIE O W
ReE L TRERBEZFELLTHD b 0 & HELE,
Parant 55013 C-MDP % f\ T MDP o 4= {kPI5E a7
Biid U MDP KW 2 SR & 73 T4 535 & 305
THI50%5, 2 BEEITI0% LA D MDP 3% D ¥ ¥ DT
Repicghttxh a2 &, MDP % w/o =<2 2 v O
TEST 2 LSBT L h REFCh 0 irlT+ 5 2 &
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BB BT L, D EDBEEIZMDP 07 2o SV ME
LoBOWEPERMED TEETH D Z L amB LT
Wa,

MDP 7 v 35k e LT 4 D 6-0-7 > MDP
S A R SR, FOEWEEN KR E S i, FA
FED~6013 = 57 VAT L TED TRE WG TFE
BHETSH I 2~ % FWT MDP 3 X 0" MurNAc-
Gly-D-isoGln, MurNAc-L-Ser-D-isoGln, MurNAc-
L-Val-D-isoGln iz ref a5 iA07FF (K
5) AR, FoOREFIEREHREI LI, 6-0-1 =
7 4 L-MDP [T, 7 v mklaie & OB
TETH D, F6ICRTRELMERE R LIS, FEH
75 2 £13 MDP i s\ TR b s po e R M i
RENT IR BT P 2 AV MEMEE < T ARRBERCE
WTHEBEENRDORDZ ETH D, IR LI
Rk e (in vitro W23t % PFC EEA) T34 27 &

x4
7Y e AV M EN EHUERE
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oV MEME, FROCHER L Y 2 A BosTREIC
HEILTEEE L, chbo 3
F FEDEL Ty MOBIT HEERT V¥ — DRI
54572 a2 v FEML MDP, MurNAc-L-Ser-D-
is0GIn, MurNAc-L-Val-D-isoGln @ 6-O-3 2= 1L
S B\ CERD biviesd, MurNAc-Gly-D-isoGln
DELVED 6-0-31 2 v A ALFHETE N TURFEA
0
CH30 CH3
C0-0CH,

CHsz0 0
0 0 OH
HO

aprALAT IS

NHAc
~ OCH3
CH3CHCO-L-Val-D-Glu-NH,
quinonyl-MDP-66
6 £/ =,1-MDP-66 O

MurNAc-L-Val-p-isoGIln @ 2 F L A F s L OF 2 = L (QSyp) = AT 4D

7 U . vk %ég“EZEL : i B ! (?ﬁ ‘ PUESE LS
BIER 7 v ¥~ | HiaEEm
OH : |
MurNAc-L-Val-p-Glu-NH, 100 23. 6 mm | 0/10
OCH,
MurNAc-1-Val-p-Glu-NH, 100 2.1 0/10
OH
QS10-MurNAc-1-Val-p-Glu-NH, 100 21.9 24.9% 0/10
OCH,
QSw-MurNAc-L-Val—D-('Elu-NHz 100 2. 4 84.0 8/10
(37 = L-MDP-66, [X6 b£J?)
)5 i 100 0 2.9 0/10
a) FOERM, 7 — X X24RM% D P BUGE,

b) Cs:BL/6] =¥ A=A b4 b——= P815-X2 ffifg (10°) %7 2~V b & ELIZBEL, 118 BicEimianfiian &iEt% Brunner

HCHE,

c) Meth A (10°) %72 a- v bEE{i BAL B/C v AQBEMIS L,

AH, SRHIER Lic~y ARRET,

Sk 4 BBOBRMREOMEED suppression % i<V

$ 5 6-O-BH48-MDP &/ =, MDP gEa#ko line 10 R b3 5 HilE R G

7 Y . A Vb B 5 B JEZRARA
(I)CHa 400 pg X 4 7/7
QS-10-MurNAc-L-Val-p-CGlu-NH, (2, 5 8, I5HHA&S)
(Quinonyl-MDP-66) 100 pg X 4 7/7
(3, 5 8, 150 HixL)
400 pg < 2 4/7
(2, 5 HE&S)
6-O-BH48-MurNAc-L-Ser-p-isoGln 400 pg X 2 3/6
(2, 5 @E#&Y)
" P o . X 4 1/7
xj‘ /\HE\ E¥ 104%9'71// X 9 0/10

line 10 fF#% (10°) % strain 2 €v €y POEMCHBEL, 104 A2 7 VY TABLLET Y2 Y P RJEEY

RPN

2@ig\ L 4 [EHYS, 608 Bictksld 3 EEEMEL €y FEERT,
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i OE SR HI12F

% 6 BCG-CWS, MurNAc-L-Ala-p-isoGln (MDP) 35 - 08 MDP S5:2i ko s

SRR MurNAc- .
AL e | PO B mgl | S
7 (MDP) B
A, TSV RER ’
1. BER7LAF— (2LEv b)
ABA-N-7 2 F )L Fr ¥V w/o -+ + + +
2. [AEMIEEERR (=v R)
in vivo o/w ¥7zi% PBS + - + +
in vitro PBS + + +
3. IMAHUREL (v A)
b Y CHRIMER (in vitro) PBS + + - +
I a-7 3 5 — & (in vivo) w/o + +
DNP-Lys-Ficoll (in vivo) PBS + + -
4, ~r—THiE (=1rEy 1) w/o + + +
5 =/mu7y— (RUVA)
in vivo o/w + +
B. =4 b2 = Vgt (in vitro)
C57BL/6] = A PBS + + -
C. PUEHEME
< v ABHELR o/w + - + I
Tr ey NBHEESR o/w + - + +

w/o K=< a v, o/wiKifi=<A Y a v, PBS:PBS il F ik AV 2 v N.rubra-CWS & BCG-CWS & FEREEZRT,

EZ bRt #i12 6-0-7 H 4 F § 2 »r 4 4-Mur-
NAc-L-Ser-D-isoGln 73 [F M =g M 3 & O HUEE
IEET R\ THIRWEEEZ R LI, & hicfidksx MDP
DERIEHFE = A TN DONTHLEDT P o v MEME
LHUBBIEE A BRI LY, /7 20 Pz -2 Bickd
Wt DFELS % a4yl v (BH48) % MDP =
AT fES S 87z BH48-MDP 233 4 3% B9 /e bUEEE
PEERLC,

IRBN-7EF L AT IASTF FD 5, MDP
LY FIR LB B 2 i R M A 7R 97038, MurNAc-
L-Ser-D-isoGln o FgEF M 13 M 8> TH5 <, MurNAc-
Gly-D-isoGln (g & A EFRERMER TR S 7o 2 D 72,
MDP ¥ X 08 MurNAc-L-Ser-D-isoGln o Z8E0 1%
6-O- 3 = m A afbk (HHZ Mycobacterium 7> HF5ELL 7o
- ABERGD) IO TERCHERET 5,

I HICFIY MDP [@iEkD L 5 3 VEED 22D 7 3
sECAE 2 DIRIFEAERTR T I VIS A SR EAY, ¥
72 MDP o 6 fLookfitEr 7 3 7 ICEHL, SLICE
z DOIEEEEIR T 3 VG 3wcFEgE (K5) Ak
L, D72 2V MEERETUEBEEEZFF L, &
WofEx D MDP FiRIEDT7T YA T 3 7 FEHME DD
2N-BH48-, 6N-BH48-MDP & {k 73 6-O-BH48-
MDP & FREQCHEEEE Y R LT,

Ll Rz 7@« o MDP [tk 6-O-7 > v, 6-
N-7 4, 2-N-7 v A ElfED 5% 6-O-BH48-Mur-

NAc-L-Ser-D-isoGln 23 line 10 fffj#-strain 2 =1 % »

+ DR FR B HEEE R T\ regression {FiExHF 52 &
NRHMENZES),

LAY X X2k /v, a- b2 T2 m—J, E
2 I VKREDIREELY 2 : v IO Zh b OB EY
s ERIELADIR TV 2 AV MEEERETLI Y
R L7, Fo=x/ volELAYTHS QS-10
I bV Y TR AETEERS, VYV Y — Al
XA ERR = VOER LB L TN B & E
LT, HEDOIREEE AR EERRERETHD BV R
VEEEEBELTWAZ LI E L, MDP ©» QS-10 F#E
AR LI~ LinL, QS-10-MDP (I FEEE
WA R D7D T, S hic QS-10-MDP o D-iso-
Gln © 1-HAAEVEREY A F L= ATV & LICHFEGS
HR LTz, HiofEx o MDP HEAD 5 HTHEL T v
MEXF LR DHEV 7 2 o3 MiEER R MDP @ L-
Val [@jfk (MurNAc-L-Val-D-isoGln) o QS-10 3%
Fik (¥ =1-MDP-66, [X6) 2[FAEMIAEG EIE M
Xt LI B IR7 ¥ 2 -3V MG & TUEEIEE R R L
(324), ¥/ =1-MDP-66 |3 Meth A-BALB/c <
AFRDLIe B, line 10 JffE-strain 2 =L £y D
FBEEGRCE VT H D TROCFUIEREE 2R LT
(&5), ¥/ =A-MDP-66 3~V AL E/LEY MTE
B IR REA, BIEM 7 VA ¥ BT 5 T Y
a3V MERERETHELLICI P2V P VITRT S
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BT EERCHNT o L= o VIR LT
B, 2R VERKET Y 7 <4 Y Y OLEECR
THRFAEAIE LTI ENRE SR,

Ll EiR~7z BOG-CWS 211 U % L3 24 DA
7P eV b EEERE 612 R L 7o, BOG-CWS
(8 X U° Nocardia rubra-CWS) 1385 L B RIGR
DL T iEM A R ot L, MDP, 71 -MDP %
TR E T 5 Z LIZBEIRE,

EbVIC

FHEFT I\ TR O ST EYIEED 5 b, il
BB D7 ¥ o AV MEHE ISR, FAXIEHIS5
SEMAE LN KRR EAFREE AL AE DO % T H DT I HE—2
DTS BERG DA L), FEEER IR A B
LT 5 ENTZ OPF R LDIeDTH B0, 1o
B L MBER K D7 ¥ o AV TGN & T OREREEIRE
ADIGANEFRBEL, SOLRCABGET Y- v bR
W BB & 5 B LU BT EEA G S h o 0b
%o

DX CHEBEOAEYERDO—=DOTH DTV 2V
MEMAY E D BT CTAHRTYL, SHEINLFIENDFEDOT]
LD TR Y, SHRNOEKEOT RN L LT
DRTOPEEINE LI DN D,

RBICARBET B CRIE O RET sl 5
2 DIICSBERICEL BT 5, ADFRIXFEF35F
K4 HE T, ERMCH b IUHE—EY ERBRKE
E) ofisEofcaibhictoThh, oM, L
KESMEE, BREEREZAR, BRI ED
geeE, IR KEENERINPIRSE, JLRRERSITIRT,
EnA ey 2=, WAV 2—, 20 REFEL
EAEEBE, 720 AENERT VAF TR R v F
~ IUBFFERTC 13 % 45 < DILRWFTEE D LK%
B, LbOBELRET S,
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