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Recently, the biochemical and immunological studies on the cellular components of
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tubercle bacilli were extensively carried out by the support of molecular biology and basic
immunology. In this symposium, recent advances in these fields, especially the antigenic
protein of tubercle bacilli, biological activities of cord factor (trehalose dimycolate, TDM),
immunopotentiating activity of muramyldipeptide (MDP) and antitumor activity of DNA
were reported.

In last decade, a variety of antigenic proteins of mycobacterial cells and culture filtrate
were purified and their amino acid sequences were determined by using molecular gene
technology. Dr. Nagai reviewed the biochemical and immunological properties of MPB 170,
12kDa protein, a antigen and 65 kDa protein.

Cord factor TDM)
tubercle bacilli as a toxic glycolipid. Recently, several biological activities including

(trehalose—6,6'—dimycolate, has been purified from pathogenic
immunoadjuvant activity of TDM were reported and a variety of TDM related compounds
were chemically synthesized. Dr. Yano summarized his recent results on the chemical
polymorphism of TDM and trehalose monomycolate (TMM) and their biological activities
such as toxicity, activation of alveolar macrophages, antitumor activity, cytokine induction,
etc.

It is well known that tubercle bacilli are potent immunostimulant and immunoadjuvant
activities of the several cellular components of mycobacterial cells such as cell-wall skeleton
(CWS), TDM, DNA fraction and muramyldipeptide (MDP) were extensively examined. MDP
was reported to be the minimal adjuvant—active subunit of CWS and several hundred MDP
derivatives and related compounds for the immunostimulants were chemically synthesized.
Dr. Azuma and his group developed MDP derivative, MDP-Lys(L18), as a cytokine inducer.
MDP-Lys(L18) induces several cytokines such as IL-1, IL-6, TNF, CSF, etc. and was shown
to be effective for the restoration of decreased number of leukocytes and platelet in the cancer
patients who were treated with cancer chemotherapy and radiation therapy. The detailed
mechanism of action of MDP—Lys(L18) was also discussed.

The antitumor activity of cellular components of tubercle bacilli is well established in
experimental tumor systems and clinical trials. Dr. Kataoka and his associates reported that
DNA fractions (MY—1) of tubercle bacilli was a candidate of cancer immunotherapeutic
agent. By the biochemical analysis of MY-1 and chemical synthesis of related oligo-
nucleotide, Dr. Kataoka’s group developed synthetic oligo—DNA nucleotides having the
stimulating activity of NK cell function. The future aspects of the biochemical and immu-

nological studies on mycobacterial fractions were also discussed.
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EHELToBESHSMcEn>2H 3, MDP OWFE
ISR BB ARG D HERBEEIREAE ~ D EEIRISFH 25 & kAL
FHE L ANLTHREE S, ENSERE AR50 5
3o X OITHEEERE S OPUESEEICOVLWTREER
REMMSH 35, & DNA 12X 38 LWARIEID
TGN,

1. BRENREAELHEELE

KRBTSR BRSO R AR L e wr e 7k iE

F. Seibert WX 0B S hiz PPDY 13, FEMAEYS
B L LTOAR ST, BEEHEICBVTD, FRE
LTEHESNTE L, LrLENIIEEN A ERYE
OIFNT, HICERERS IO WTHRESRZ I LHiD
FI0ESEVHIOZ LICBER L, EAEIKDOWVWTO
R EAEEL, ®/ 7 o — YHURERIBIN OBAFEE 3 U
& LT, ELISA % EOSBAMlER: BLUT
NS IBEE L o B, SEE, BERIE S OESSEEES
KON TRRN R Z RY, ZO/RR, HEAKRND
WEHAHOAK 5, a7 ) TERRNEAEOH
EFFrPKIBEIC BT 258, hoMEEAE & OB
THIBE®H, fEEMIaE OBIREE, IKHIRNEICBVT
HMAMEOSN B X ST -1, HIRBEOBIESHIEO
B WARE TR WY 3Ny 7Y 7, BT in vitro @
K& H T E LV Mycobacterium leprae 13, BAF S
N FHEICE > TR, £ SITRIFERIRTS - 72,

TTIRF a3y 7 ) THEWEAE RIS K
ThY, FORMIOWTIIHRT B LRTEL
Vo SEIECLEIARBE Y vEY Y AIBWT, HWEIR
(R Y ~v o Y Y EAE] K2V TR0 R Z R
NP, AEE, YaNs T THEBICERELO, #
WHDVIIMEH I VTR TR & b, FURHEASHRL
EHEICER L T AR T EI1Td B,

M. bovis ICERTHY, LhdEEICEH G
Sh3EAHER, BCG ®HEtkcRoi Shik MPBT0
(22kDa)® Th 3, COEBHEESFVLDI, M
tuberculosis =X 4 3 HilfliFic & BRIEEY TR%E &
SNTVIEVWIREND 5, TOEAEDOYIET
BCG BRI & » TRENS 30V P, HBHDE N
BCG E#Hk b&H T M. bovis $XTDHE#KkIZ MPBT0
DOEEMBED LN, —HD I a7 7 ) TEHETRE
WMTH o7 IED PCRIC & 3 @IT T}, M
microti < M. tuberculosis complex D3 XT
iZ MPB70 OBIZTREET 5 SN0 TY, ik
DERMEIERNBENS L0 H LW, MPB64

(26kDa) b, TEHWEAE THHEMS, MPBT0
LEIL & i BCG OBMRIC X » EEAERENR S0
I, TOEEMSIFEAET Y BCG Ekicxd 24
BEMORBETRIRELINTELLDTH S, O
MPB/MPT 64 13 M. bovis 8 £ U M. tuberculosis
CERBAWEAETH B,

12kDa HHE (BCG-a, MPB/MPT 57) &, BCG
BRIc & BIE, £/ 7 o—vHilkonl, Zobikc
E277 4 =74 —KEEVSFHEICLDE LN IR
DIanysFYTEHBETHEY, EozansFy
THRREOREERAKIC S R 5N B0, BIETFIITc LN,
DWEERAB BB Y 7 F IV« XRTF FBEL, B
FThaBT LS, BHANOBITHESBROKS
5, Zd 12kDa EHE O#x FH&E I ZKBEO
GroES icHiloREnd v, By = v 7 EAE (HSP)
D—HEEZ 5N 5BPY, MPB70, MPB/MPT 64 &
&b LI BET S 5 70, INBIRE%#E . PPD
KBLWTHRLMEERSD—DTHS, LHL,
12kDa EHHERBHEERLZLL, PPD kb3
BN BUSHLR T 1780,

1ans 7Y TERIC KD EBES O BT» 5B 50
fe® /7o —vhikid, BRREAEICHT 5 b008%
W0ID L E R BB IC O W T OMERTTH 575,
Avi-3 (27kDa) i M. avium \CEREEHHELT
T74=7 4 —RRSHS N, 71 BRETORE
ani?,

EOE OBIZTFHRIT IR, £0—XKEEOREEES
i Licidm by Tisl, o EHEOEE TR,
REEAE & LTaEn s b oD N— KL - T,
00540 EEDT I/ BOORBYIF L RTFF
OEFINH B Ehbhrot, TOTEMNIANFY
TEHECTREEN/DRB abiFE 30kDa) BEREHITH
¥ COEABIE M. tuberculosis DIENNBGEE A
KD SOMREE NI LDOTH DY, %0 antigen 67
BLU MPB/MPT 59, antigen 85B*” ic#i44 3,
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Bl1 M. tuberculosis ¢ HiREHE (MPT59)
DRLRIC K BEEER

ol 60 55 50 45

2 M. Tuberculosis H3TRv v — b V15 H1 5 @5
BARPOHERAED _IRILEXKEE (O'Farrell
Hrick 3)

BER 1500g, —00T | HFEABXUKE), —00C : SDS-E

KkE, 7 < Y—Tv—RERS HICREE,

ZEy POBFE :MPT Fvx— CAT: h4 7—¥, SOD:

P LYY B

[J:65kDa antigen OALE, v : MPB 70 DAL,

THubb, BEARMNICRB SN2 EAHZEENA S
RELAZSDEMHOTREL, 3anN7F)TIREVLT
LRSS IR TVS E W) T EHBAL 7,
(® 1. afURORLIT & 5555

X DIT, HHISREEEEIREE 5 5 ko, TR
WK O MMEM S 2 T EREBbD - T, abliil,
AHHEBRBD 0% b 4D 5 EEZL SN, Hifl
ETAES N ORI, Dl &b 4 >0 UE
AESOFEHE (abiF 773 —-) BAETLEIEDD
w2 ZzoRD 2> (31kDa, MPT 44, antigen
85A, B&U 31.5kDa, MPT 45, antigen 85C) b4
7y BEF SRES NP, K512 (27kDa,
MPT51) 22V T HRIFEIN TV S, afifid I an

O O BeTB B 9T

yF ) THRECERLTEAETHD, Ld->TM
kansasii®®, M. leprae®®*” i b a URRBHEEL, £
NoOFEPEESITE N T VWS, Th oD L2
5 F &8 (Mr, kDa) 2R EAEOREIIE KT
BRXE P NEMRTHD, M. tuberculosis H3TRv ©
V- vEESHOAKEAEEZEMLICODZEX 21T
R,

CoabiE7 7 1Y - IR B2 0N H B, £
NREEMEO 7 >4 Tox s F v EOREARETH
2202930 = AR OB AN L CENESET ST
LI Bh, HHVREBONMICEVEEEMIET S
LB ZOMRIAETS B4, HEEOREHREEIC
AohoEEEHE-TVwb D EEbN 5, Fic TH
DBYMTB7 74 TuxsFvEOfAE, BERT LV
VE-DOFRBICEE LTS ERSN S,

Yany 7 ) TRIZTMRZE 7 7 — VRS- TREE
BETFICHAZ Y, TO54 77 ) - oFEOELE
wxtd 3 €/ 70— YHATRZRRN, T0EAHEOD
DNA 52 RET S E VI FEPE, WbWw5 65
kDa antigen O i HT TR & FAE L7570, &
OEMEER Y 37 7Y TERICL RESh 2 EEAN
EXHBTH D, 2D7T 3/ BEFIE, M. tuberculosis
& M. bovis BCG & DRI 3FHEMN L, M. leprae
L1395 %BD—HTH - 12°9,

FEE LThbmWIEEEF b s LTSN
65 kDa antigen TH 54, TDHEEMNIINIF VT
ik 59, KBEIC SHLOMED bonRE sk
Z X3, BREOHEH AN, PURE L TOME
SV, L LZEDE/ 7 o— vHKIT & 3 RKIGD R
D ‘Common antigen’ ® KIBE D GroEL EHH
(HSP) Tb & bh, HHE M. smegmatis KBV TH
BZEOEAYE (HSP) LLTEDOSNLI LMD, i
OCBEBHAZBUBET A EN - 137, M. tuberculosis
KOWTHEP R b L RICKHT BHEERH~NS L, 9T
BIEA STV DnaK, GroEL, GroES % ®d 70
kDa, 65kDa, 12kDa EHELSN I H, 90, 28, 20, 15
kDa @ HSP HEN A 5h i, HSP 3#H OAH
ERETOMETH LY, By a v s PREBORICER
B OERMEE DT HER & BT B RRER RO NR A&
HE (VveRov) EdEZORATVS, Lo M.
tuberculosis ® HSP O # v 2 v 7 fHIBIZ—HR TR
WOT, WD bOMENHA-TVEbDEEbN S,
A R I AR S BB A O BAE & LTHIREER
RN EINBIZA D,

2L miany 7 )7 OERAENHEER SN, TO
KSR b s heds, Bk PPD Kb baBOHR
WEEL, LrbEEERESESVWEAEOBERRREL
TW3, TOfH» SR, H< antigen 5 L& hfk
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38 kDa EH'E (Pab®”, MPT47) 34FFE T 5,
COEBEAEORBREEL B, SMBEEDY 7S F L.
R7F FEFEODESNTVWBRIZ b b S THEEESHEE
ORI A SN BBIZDEVWY, Ly LIS
sh Z0EAEOREARIGHEE PPD 0%
HALBZIEEOMETH b, HllahkbDITHOE
BRdonsY 0T, BEEYTRIELWEEREE
WHTEREHD, SHIUBY REAEL T IHED
bH DY, PHTZOEVHIFHORIUASBIFI N L S,
SWHRTH 5 a fUROBEEZFIHL, @ DNA K
oEHHED - b —7 DNA 2-oK ¥, 5L«
BCG 77 F vh oz OHFEEDZSE XD LT 5ilA
MBiEsht, EBICIZ, M. kansasii D a HiJE C— K
5D DNA i< HIV-1 ® Bfifg = £ ~ — 7 OIEEEF
ORE, BCG 77 F VRICEA, TOREIH
BCG MDA VZAEREDOIE F— 72 L1k
M. kansasii ® aFiR%25SWd % T EDFTIHS NP,
BCG »Ho7 vany rHREE BT, HEMEARM
BEENWMENE DT THY, S%OVIEERHS L
xh3,
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R ARFEFEMEYEE K B A

T L &I

FELGER 2 13 U o &9 B DIREATIRRE o fit & K & 55
id, RATREVKHEORED Tl ESESHIENBRTH 5
“La—- VBT AEGLHETH D, Th D OHINBEIEE K,
D, BHERT S, A5 v RF e LCHIBE
FKEOYBALFIME (BiltE vkt 2H#-o 0T
WBIEND TS, 23— F7 727 % — (trehalose 6, 6'—
dimycolate, TDM &B&3) DOFERkAKST & L TEFM
faicxf L Cbflic S X EOEMERL, <9 2BEH

HEERIIUYD & L TREEEEAICS, 7Y aNy hEE,
REFFIZERRE, <7 v 7 » — VIEMALRE, SUEEH:, JE
R R BA IE D R RE S OIS IR s h T & 7,
I-F7 225 —idock, ABUERE O @A IE
B RIS E Lz & 2ica — FIRICESIL, 20XEh
SHMT—F I LD ESh2WEIC L TED T
SNFEBIT, v AT 2EEHEE R LT L0
5, EGEDELET ZME—DERS EEZ SNl
(Bloch 5) 7, Z0®%EMPO I 2 — VRS H RIS
FEREHERBE RIS B AADI L, Nocardia ®

’1 DM TDM

CL

m@

TMM TMM.
0

MM-’ . FW'.‘. X # xg

AM@ @&

M, TDM
!'m . |

* ‘

G‘llc GM TDM Man MM TL)M Flu FM TDM Mal TDM MMM Ara AM TDM
Glucose Mannose Fluctose Maltose Arabinose
Fig. 1 Thin-layer Chromatograms of Various Mycoloyl Glycolipids

(MGLs) Synthesized by N. rubra—M— 1
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WA CHCHCOO'CH, Vw“”“ACHCHCOOng OH
0]
Glucose N ¢ ,OH Trehalose di-
OH 0 OH§ mycolate
HO OH OH mycolate HO o
OH OH CH.OCCH-CHWVWWW
OH
O_'H OIH
WWWWCHCHCOOCH “AAAAMCHCHCOOCH OH
O O
Mannose N |OH Trehalose mono-
OH 0 lat
HO HO HOYOH mycolate HO o myeolate
OH
CH.OH
(.)H O QH s 0
‘cH,” CH.0H v
WWWYCHCHCOOCH, : Pructose wwwwwCHCHCOOCH ¢ Arabinose
OH/0H mycolate % OH OH mycolate
OH oH

Fig. 2 Mycolic Acid-Containing Glycolipids (MGLs) Synthesized by N.rubra

(MA:036~CSO)

Rhodococcus ZT# O S TEMEREMAREE I b I4 < 431
TEENHOLENR ST, BHOITICEEE ST,
& U ARG & B U 7 S REAERE O T I8 13
MELE TS > TE o

bhbhid, ABEKEZ2ECEED Myco-
bacterium 213 U & L CHERBEEICET 3
Nocardia ® Rhodococcus FEZfiE» 53— N7 7
4 4 — (trehalose 6, 6'—dimycolate) ZiFU» =&
Xl a-VREERHIEE R B LT, T OBUKMEL
5y CBESY) B X UBUKMERS (32— ViR OREZE
Shicd s EEbiT, TR oMERBERINCEDL D
KWHELTWAE, FELTRYABLY Ty MITE
B R I RET LT E YT

a. 37— VERESHEREIEE (MGL) O —#
CBREMD L OCREREEN Mycobacterium RO
B f& i3 trehalose dimycolate (TDM) & & U tre-
halose monomycolate (TMM) %2&443, EREIC X -
T 14 glucose monomycolate (GM) % O fihi & %1 ©
MGL 2#&H3 3%, WFNbERIckD 1 7 - ViR
DREENREITD Cyp BED DD S, Cg LLEDEH
DbDFE THBDTLIEIID 5, Nocardia (F 7l
Rhodococcus) O—Ef i3, REHFELME—DRRRE
LCEEE L 2 TDM 8L TMM RIS HERRSY
DH 15 % glucose monomycolate (GM), mannose
monomycolate (MM), fructose monomycolate
(FM) % & U arabinose monomycolate (AM) %%

BB (Fig. 1 B&O Fig. 2o

b. MGL ® W/O/W 3 v VBt k%< 2R
FETZRRAE : E3dD Cuy KV RO Iz - VRESD
TDM ® GM 8 & ¥ TMM &, W/O/W ¥ &L & L
T= v RRBE#RLVESTBL, T~14ATH - BB
ORISR REE AR S 50, MM, FM &
KU AM Tl T 0 &S IiEEA L, BERS OREEIC
HRESED Shiz (Fig.3). ¥ RFEHAIEER
13- VRS OHEICE > THEHL, RHOLDIF
ETEMEMKE - 1 (Fig. Do

c. MGL ##ic cord factor @@t : 9 Tic Bloch
50, BXU Kato 52 it L D\ SN TLLK, cord
factor 244 VI E LTy REERNCERS L
LEey R IEBERERERIET 3 & & bICHHESKE
BoxEEt L, BREHEHERTIEBMONT VS, 3
- VEBEOHBEOREZ TDM O <Y 2 icxd 2 #H
ARERDAIEEE L TLONZEC A, BRI
VR DRFER EWFT L, Mycobacterium 1T bHFIC
ANBUERE O TDM Mk b Th > (Fig. 5o %
7z TDM & H~<T TMM o#FHERIEL, 561> GM
>MM >FM > AM OJEIcEHESET Ui, FEOR
BIcE#H0 I a - VEBBBMER T &, FREDRERY
DOHEBEOEERIREEN S (Table 1) 'V

d. MGL o#ifEEM : MGL #IC cord factor &
Z ONgEIEE S TUEE 2R T C L EBEROLBD T
b Bh, bhbhikBEHEOFH Nocardia ® MGL
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lung index
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Source of TDM Index
—-<y—  control (300 £ g/ mouse) I.'O z0 30 40
—e— TDM lung index
—-=-lu

_____ 0--=- GM W/O/W control @f«m‘ -

MM T e :spleen index
~=—=&x—-- FM Rhodococcus 13165

AM

Cu. o

R. coprophilus
CIZ 0

N. salmonicolor
C“ 1

N.rubra
c". 1

R. terrae

spleen index

Css: 3

N. polychromogenes [
CEZ 4

M. smegmatis
C'VE: 2

M. bovis BCG
Cw: 2

VUL BTG

VAL

Fig. 4. Granuloma Forming Activity of
Various Trehalose Dimycolate
(TDMs) Differing in Mycolic
Acid Structure in Lungs or
Spleen in Mice

PLlE 5 %h % Sarcoma—180 % 72 i3 Meth—A fibro-
sarcoma D& 5 BEBEEBHEEHETL ORI ET 5,

0 1 ] 1 ]
0 3 7 14 28
days after injection
Fig. 3. Time Course for Granuloma Formation by

Various Carbohydrate-containing Mycoloyl
Glycolipids from N.rubra (Rhodococcus ru-

ber)

—
—

o
©

Body weight (ratio)
o

TDM % GM iZ @BEF R IEWELA St b hhb b
9, MM, FM, AM HIii3BHoNg, T ThHHLE
SOEBEMMNE S E 57, TN S DPEISE I3
BEhHic k> THHEEEIcENS Y, LREMES &

Control

Cu TDM(R. 13165)
e O
Ce TDM

(N. asteroides)
\ A

Ce TDM(N.polychro
\ O

0 -mogenes)

0.81
0.7
TDM 5 10 15
500 g . Days after injection
Fig. 5. Toxicity of Various Trehalose Dimycolate(TDMs)

Differing in Mycolic Acid Structure in Mice
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Table 1. Virulence of R. equi strains Containing Different Types of Mycolic Acid
in Mice after Intraperitoneal Injection
Strain® Body weight Liver index™ Mortality No. of
(Type of mycolic acid) (8) rate granuloma®
Control 26.2+1.3 5.6%0.2
JCM 1312 (1) 24.3%+1.8 7.4%+0.6 0/5 4.4+ 15
JCM 1311 (1) 24.7%0.9 6.5+0.5 0/5 5.6+ 1.9
120 (1) 23.2£1.6 6.7t0.3 0/5 4.8+ 2.8
128 (1) 22.3%+1.8 6.8+0.3 0/5 4.3+ 29
11 (I 23.5+1.8 7.0+£0.4 0/5 7.6+ 4.9
21 (1) 22.7t1.6 7.5+6.8 0/5 23.4% 7.4°
24 (1) 19.3+£2.6% 10.7+£1.99 2/5 227.8+36.8°
26 () 19.5+2.6° 12.9%+1.9° 0/5 135.0£53.8%
33 (1) 16.3+0.4° 10.3+0.9° 5/5 274.0£26.3°
GL5 (1) 17.8+2.6° 12.1£2.0° 3/5 232.0£33.2°
GL6 (1) 16.5+3.79 9.9+1.1¢ 3/5 146.4%36.6°

a) The exact number of each strain of bacteria injected into mice ranged from

5.0X 10°% to 8.8X 10° and control mice were given saline.

b) Liver weight/body weight X100.

¢) Total number in 10 fields under X 100 microscope.

d) Significantly different (P<(0.05) from the result of JCM 1312.
e) Significantly different (P<0.01) from the result of JCM 1312.
Group (1) : shorter chain mycolic acid group (C30~38) (less toxic)

Group (II) : intermediate chain length group (C36~42) (intermediate)

Group (II) : longer chain mycolic acid group (C40~50) (highly toxic)

Table 2. Antitumor Effect of Trehalose Dimycolate (TDM)
from N. rubra against Sarcoma-180 and Meth-A

Teble 3. Antitumor Effect of Various Glycolipids from
N. rubra against Sarcoma-180

Tumor Group Tumor weight* Inhibition Glycolipids® Dose Inhibition
(g) ratio(%) ratio(%)
Sarcoma-180 Control 3.130£0.786 0.0 TDM 30 ug X10 92.5°
w/o/w" 2.599£0.3% 17.0 GM 30 ug X10 56.8"
TDM® 0.331£0.071¢ 89.4 MM 30 ug X10 —12.0
Meth A Control  4.869+0.582 0.0 FM 30 ugx10 320
w/o/w* 5.600-£0.627 -15.0 TDM 300 ugX 1 —34.0
TDM® 1.800£0.290° 63.0
a : TDM, trehalose dimycolate ; GM, glucose mycolate ; MM,
a : w/o/w, water/oil/ water control mannose mycolate ; FM, fructose mycolate
b : Ten doses of 25 y£g/10g body weight b : P<0.01 versus w/o/w control by F-test
¢ : Average*tstandard error of eight mice
d : P<0.01 versus control by F-test wERIEATE L TV 5 HREERIBY TRKE WV, In
e : P<0.05 versus consrol by Student’s ¢-test

» /OBREEEBES S, B S h S BRI R & R
L%" (Table 2 & Table 3o

e. In vivo KB BH A A v OFHE  FERKRGE
BT AREIRER, w707y — VOIEHIICHEED
TRERICE L £ T, MO TERBEMELLEDLLEEL
50578, IL-1 % TNF & & U IFNs OEEAEN&TE

vivo © MGL T priming L7 ®% LPS THRIBL
vy 2k~ 07 7 —YD TNFa, IFN 8LV
IL-1 %044 b4 vEEERER TDM & GM TERE
RS nzhs, MM, FM B8&U AM TREIIERSE
BDoNEH,-1PP® (Table 4 LU Table 5)o

f. InvitrolcBYB<2 8077 —VOEHEL:
TDM % i3 U % —fgic MGL 3{b2EH)IC BN
&, IKIEMEARE A O ILE A R E T & 545, microtiter



1992 # 9 A

Table 4. TNF-priming Activity of Various Glycolipids
with or with out Eliciting with Lipopolysaccharide

Priming agent  Dose Eliciting TNF
with LPS* activity®
w/o/w cont. 0.2mIX10 - <4
+ <4
N. rubra
TDM Nurg X100 - <4
+ 391866
GM Nug X100 - <4
+ 313912
MM Nug X100 - <4
+ 14462
FM 0ug X100 - <4
+ 19
R. equi
GM 0ug X100 - <4
+ 350
R. terrae
GM ug X100 - <4
+ 9090
C. parvum dmg X1 + 16962

a : Lipopolysaccharide of E. coli(100 £g) was injected intravenously
b : Dilution of serum which showed 5096 cytotoxicity on L-929 cells

plate ICEESE /2 MGL K<Y 2D~/ 07 7 —
VAEMATA v+ a~x—bLTEEILTET LITLD,
ao=—filEKF (CSH? (Fig. 6) ® E(LHRT
(CF)® (Fig. ) B & U PGE, ® PGF, a, leuco-
triene C, 702 ¥ /) 4 FOFEE%{EHES 5 T LAY
Sh Loty £ 07 EEDOWMARPRBEDONLIE
wowsn7r—Y ORMILERDBT T2 L T A,

635

MGL #l # % %5 Wil  inositol phosphate L XL ®
L HB &L diglyceride DEMAEED S50, PKC M
5o flapkiEicER O fJREME S RV S i,

g. MIEPIEERT mRNA O 8  NHFEEKO
e & BB PSS ZS L IR R I B 1 53 L L HnfaEsE
LRETHBBZ OIS LTV, THAERIHY
37D —>& LT TDMEBSBENEELTFE
mRNA OFBIZ> WV THRET L, Z0fEHR TDM #
5% 1 ~12 05 cRZFERZKICEIL S c—fos, c—jun
B LU c—myc FEHFIANBEER T mRNA OFBAH
bz, COMEMEIRAFELAEMINSRY Y X DEZS
(B, BB X o) @<, FcAFFEEREORV
TDM % GM % D RERE K GRICBERRBE NS Sh
1o

VLR %2 £ EHT Table 6 IZ/R925, INHD
BAED 5, TDM %13 U &3 % MGL (3 k508G
WEABEDTRE & S IKEER/EH L Tlx ofERILE
BT 5 & & bICE SICHERIGEN U THEBITAF]S
BRI GRIEMS) 2RUL7D, Fi— THREIEGRES
DUARBEAE R & R L THERBRRRS Icxt 9 2 BB RE A &
WBEI LTk THEERICHMICE B E, 13— VgD
PEER AT DR &S RE D b & 1T TR RIS AT
HERTEDEEZ NS, SHRBEESTFOERLE &b
IZ, TN SHIRNBERENEE 1T & B AR KBHHEIRE O FETRE
ORI Bk R e h B,

X [

1) Bloch H. Studies on the virulence of tubercle
bacilli. Isolation and biological properties

of a constituent of virulent organisms. J Exp
Med. 1950 ; 91 : 197-217.

Table 5. Induction of IFN and TNF in Mice Sera Primed with GaGM Prepared
in Liposomes, BCG, and P. acnes by Elicitation with LPS®

Priming From Dose/ Route Eéggiing IFN TNFb) ?r?é:in
substance mouse (days) (IU/ ml) (ED«) (mean+S.E.)
GaGM Liposomes 300ug i.v. 14 5,001 262,259°  2.17£0.51 %%
GaGM Liposomes 300ug i.p. 14 2,497 128,975 1.6710.42 % *
— Liposomes — i.v. 14 <160 <40 0.56+0.48
BCG?® — 1mg iv. 14 12,501 384,364 2.74£0.48 * *
P. acnes — 10mg i.p. 10 3,750 134,196 1.42£0.12 % *

a) IFN and TNF were assayed in mice sera collected 2 hr after eliciting by
25 ug of LPS (E.coli 0111 : B4) dissolved in saline on primed mice.

b) EDsw, serum dilution 50% cytotoxic on L-929 cells.
¢ ) Liposomes without GaGM.

d) BCG and P. acnes were dissolved in saline.

€) Significant difference from liposomes without GaGM value, *% P<{0.01.
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O OHEeETE B 9B
[ FM WOW cluster
7
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Fig. 6. CSF Activities in Culture Supernatants
of Lungs from Mice Injected with Glycolipids.
The Clone That consisted of More Than 50 Cells
was Counted as a Colony and That with 7 to 50

Cells as a Cluster.

Yano I, Tomiyasu I, Kitabatake S, et al.
Granuloma forming activity of mycolic
acid—containing glycolipids in Nocardia and
related taxa. Acta Leprol. 1984 ; 2 : 341—349.
K, Sumi Y, Kurano F,
Granuloma and hemopoiesis

Kaneda et al.

formation

140

120 4

100+

Cell Number *

80

60 -

40 -

Medium

g. 7. Comparison of Migration Activity of
Culture Supernatants of Macrophages
Stimulated with Various Glycolipids.
The samples that gave the highest acti-
vity in each experiment, as shown in
Fig. 1, were re-assayed here, because,
the number of migrating cells varied
from experiment to experiment. N.S.,

not significant.

4)

5)

6)

)

induced by Cg-4s mycolic acid—containing

glycolipids from Nocardia rubra. Infect
Immun. 1986 ; 54 : 869—875.
Oka S, Natsuhara Y, Kato Y, et al

Structure analysis and macrophage activat-
ing ability of mycolic acid—containing
glycolipids in Actinomycetales. In Proceed-
ing for 23th Joint Conference on Tuber-
culosis. The US/Japan Cooperative Medical
Science Program, 1988 ; 3—15.

Natsuhara Y, Yoshinaga J, Shogaki T, et
al. Granuloma—forming activity and anti-
tumor activity of newly—isolated mycoloyl
glycolipid from Rhodococcus terrae 70012
(Rt. GM—2). Microbiol Immunol. 1990 ; 34 :
45-53.

Kato M. Site

mitochondrial oxidative phosphorylation by

II-specific inhibition of
trehalose—6, 6’—dimycolate (cord factor) of
Mycobacterium tuberculosis. Arch Biochem
Biophys. 1970 ; 140 : 379—390.

Natsuhara Y, Oka S, Kaneda K, et al.
Parallel

and tumor—necrosis—factor—priming activi-

antitumor, granuloma—forming
ties of mycoloyl glycolipids from Nocardia
rubra that differ in carbohydrate moiety :
structure—activity  relationships.  Cancer

Immunol Immunother. 1990 ; 31 : 99—106.

8) Fujita T, Sugimoto N, Yokoi F, et al. Induc-
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Table 6. Immunomodulating Activities of Various Mycoloyl Glycolipids

(MGLs) Differing in Carbohydrate and Mycoloyl Moieties
TDM(Cs) TDM(Csi) TDM(Cs:) GM MM FM  AM  control
Toxicity(by body weight loss) +++ ++ - (+) + - - - -
Granuloma formation (lungs, +++ ++ - (+) ++ - - - —
spleen and liver)

Antitumor activity (in vivo +4++ ++ — ++ - — — —

in vitro) +4+4+. ++ - ++  +(=) - - -
Infection prevention(antibacterial +++ ++ - ++ - — — -

antiviral) +++ +4+ - 44 _ _ _ _
TNF priming (with LPS elicitation) +++ ++ - ++ — — — —
Interferon priming (with LPS elicit) +++ ++ - ++ — — — —
Chemotactic factor generating +++ ++ - ++ - - — —
Colony stimulating factor +++ +4+ - ++ - — — —

generating
Interleukin- 1 producing +++ ++ - ++ - — — -
0, consumption +++ ++ ++ ++  ++ ++ -
0. production +++ ++ - ++  ++ ++ -
Diacyl glycerol production ++ - ++ +4+  ++ ++ -
IP; liberation ++ - ++  ++  ++ ++ -
Antigenicity +++ ++ ++ ++  ++ ++ -

tion of interferons (IFNs) and tumor release a chemotactic factor. FEMS Micro-

necrosis factor (TNF) in mice by a novel

glycolipid trehalose 2, 3, 6’—trimycolate
from Rhodococcus aurantiacus (Gordona
aurantiaca).
523—532.

9) Matsunaga I, Oka S, Inoue T, et al. Myco-

loyl glycolipids stimulate macrophages to

biol Lett. 1990 ; 67 : 49—54.

10) Gotoh K, Mitsuyama M, Imaizumi S, et al.
Mycolic acid—containing glycolipid as a
possible virulence factor of Rhodococcus

equi for mice. Microbiol Immunol. 1991 ; 35
: 175-185.

3. LT INWCRTFF (MDP) BLKUESRKBEELEMDRE T

ILHEER S ERIERIRAT B

1.3C8®IC

BRI RITY (722 Y MEW) %26
THILRBEAMOELTHBH, 207 Vary MG
HF&lTdcicey D, MiasEEHK, DNA HS,
3 —F75>7% % — (trehalose—dimycolate, TDM)
BEPRESN TV S, & ZICEE SV ITMEEEEK
(cell-wall skeleton, CWS) B2 bEHEELT Y a
NYMNEHRTFTHE L, SHIBKEEZICHET
HHMEMIRBED 7 ¥ 2 N v MIEMRITHBXTF F 7Y #

[E:

VRATH BT EEESLDIT Ui, & DICHINEEEEH D
R D S bR7F R 7 ) H v ST ¥ aNy bEHER
BICHRbEERREA R LTVE LRSI LT,
0%, FEELEL? 13 CWS EHs %AV 2 ERERkic-
WCERK, BRI E OBFMEEE S M L,
1974 4, Ellouz 5 ¥ RHIEMIZBEDE T 57 YV a Y
v NEMR, X7FFSY A HEED S B N-acetyl-
muramyl-L—alanyl-pD—isoglutamine (MDP) T&
3 EARAROMBEMMBED 7 F K 7Y A v HhEHEL
L 2 MDP % & {b2EHIc AR L 7 MDP &%V
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N-acetylmuramyl- L-alanyl-p-isoglutamine (MDP)

H(-), Cl(+), Br (45
OMe (+), OMs (41) HO~CHy
O-acyl (4H), N3 (+)
NHz (#+), NH—acyl (+4)
H (), SH (4+)
O D) O-, S—acyl (4+)
S-alkyl ()
NHAc H (=), OH (+), NHg ()
NHMe ), N(Me)Ac(H’)
MeCH NH acyl (4+)

LO L— Ala—p—isoGln

K1 4353wV x7FF (MDP) &% 0RE(LE&Y O EEERHE

THIS T LT,
2. MDP OEWiEHE

MDP 0% K%, £ o MDP ME(LAEmBEE
XN, FO7T Y asy MNEESRETE NI, T DK
B 1 cEH SN b, MDP 8L U Z OELAYDO T
U a Ny MEEDS O EYER IS W T M‘ﬁ%‘fé h, %

EATEwS RS i (), MDP % HUR &£ Fre-
und s incomplete adjuvant (FIA) ! u{l:ELWkT Y an
v b ELTEHYICEKS 5 &, Freund’s complete
adjuvant (FCA) WPLEd % 7 ¥ a /¥ ¥ b iEEEIR
40,

—7}, MDP %Kik & LTHOWIES, TOT7Ya
A/rﬁﬁ®%ﬁisbw1mbn1méo:@@ma
LT, (MEmyaEe g 3 s A A9 2 2 HCIRE
%%%ﬁa,éb*ﬂ%ﬁAémiﬁﬁ%®«7%r7
A v SISO L, MDP id5F& 492 ©
KB~ 7F N ThY, KEKRE LTRSasnk
MDP RABichomdehicHitsn s 2 LK 5
TEMRBINTWV S,

MDP A4 #iEtk o trcifihbukBEE, Mgt REOF
Wrg LAl & T 5 RIRINE ORI O @i, e b
FREBADIGH %% Z 1854, MDP i< &k 31EEDERE)
R oM X BEO T, B, IO,
MR - B o A LRI ETHT BIEGE O TR « iRERS
EMEZOND, & HICHBEDR Y A VR, K&
4+ 270 F v OMBOBEP, MDP 2#&LIHLL
BEKT 7 F v ORFEREbEA SN TV S,

1) MDP Ok O EYETE

MDP i37kiE# & LT in vivo K5 s hicths, &
by Tt s h, BB ZHIEICET 2EED
Jp B R AR D B 12 R O NI EMITEIED B %
R EEEYD, MET YNy MEHIBEL T T
1 VEME A B9 % 12 1d MDP % Freund # ojlitfik =
2V avE LTRSS B EVRETH B,

MDP Fisfk o L BSHBRFAEA IS L < AkE N,
ZOEMTEESBRFT SN, EHESIMDP DA T 3
VEED C — 6 R B L C — 2 MOKERE, 7373
BRI 2 ~80 O K FENEIEEEEA LT YV
MAEABRL, 7 Y28y MEE BT AEED
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&K Invivo KB BLF5 INIRTFFN
(MD P) OAMiEH

1. SRR E RS
1) RGN E DR & M
2) MRAMEREIGE O W
3) I FUADIGH
ANLT 7 F v BLXEERT 7 F v ~DIGH
2. AR R SR HIEAE

3. —iBM0BHMEREDIS S I £ D %o [ ek,

HRRIS L REHE
4. 19 =7 v yFERTFOIEHAZEED H1EH
5. fEEDBRIEHEDMI(L
1) ARG 2 B EO bk TS
2) EZBOEIECKY 518 F ORI
6. EREORERBROFY
1) ER7 LvE - WINER%
2) TYasNv BRI
3) |k
4) TN s
7. FELER
8. MENFEROFHICKT 5 BZME S B1EH
. EEEROEAE TV LN
10. ¥ LR
11, ##ETT & TRE U fc R ic i MESFE i 45 % Bk
T 5EH

JRABHIERE O s, PURBETEHIC D W T HMET L 72,
C—6RIEHIZC—2MICIBIEAZ-A LS,
WE y FTOBRBER T LVE—FEIIHT BTV 2Ny
MEHEOWTN RSN B, IMpikEE I 3
TV 2Ny FEEEANROSE I U TR L
ERITRER 32, 48, 80D )/ I a—NER, /AN
FIa—ulg, Ia3-VEgAEC—-60MFIEC—2141
WA Lo A v VY KT IIEFIR S IEE D IRGS 2T ©
Ntz

MDP ® C — 6 1D 7 & VEEEK TIFRIH 2 ~30
DOfeliEE (L2577 Y vYB) OFEAICKH MDP
L AL o GBEEITE ST S ds, C— 26D

CH3 (CHz)16CO* OCHy

o ~OH
HO

NHAc
OH

|
CH3CHCO-1~—Ala-bp —Glu—NHj

L18-MDP
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7Y RciEiEg (277 vEBR) 28A L MDP
D2—RFT7aANT I FERT RGBT
W ENED - 1o, PUEEEHICOVWTIE, C—6fLic=
Y 3a—nlg /s ANVEIa—ER I a—-EBPF
J v (QS —10) ZEA LT v VHEEKIC< Y Z[H
ZRMEEERICB W TEENSED S i,

2) MDP OEGBh I

i) FREREERGC T A RR
FTIC BCG—CWS 73 & MBS MBS ) 43 H3 A B B gL 1
S92 1EFE O RBRHEIIE AR T 2 Lo
INTWABH, 1977 4F Chedid 5% 13 MDP 8 L U’ %
DEEER 2FFIc>WT <Y 2ITB T % Klebsiella
pneumoniae &GN 3 5 FERF SR RGHRBUME 0 KR
TEHEARET L, SRIKICHESMARD 72, Thd MDP
[EEARGEIRN, KT, BN, ROV hoEs
THIEERL 1,

S5 MDP AEAD = 29 ELE » MTEBIT B
MR AFEA PBER 7 LV F — DFRBEAISEE LicT
YVanNnv MNEWE K. pneumoniae BEBITNT 4 AEE
EPUEERRIEE & BT L B ITH S, ThoFERRI
B 5 MDP [EEIRDIEHEIENS RIS S T LATRE
Nz, £ D% MDP FHEAE % PR LT ¥ 2Ny
b DEAFEICBI L T K DS ITh I,

3. 7¥Jl— MDP FH#EE [MDP-Lys(L18)]
DBAF

F5597Y 13 MDP © 7 v VER#A 54 F % thilae,
STDAAY < ¥ ZiZ Escherichia coli 77156 %% KT
B L TR SN BIIMERERE S vERWTR 2 —
=y L, 2D 257 w4V MDP FHFERK 6—0—
stearoyl-MDP  (L18—-MDP) % & &' N4 —MDP—
N¢ —stearoyl-L—lysine [MDP-Lys(L18)] % &k
Lic (2),

Z O—HOWET, MDP O 7 v W LDOBET v VED
RFEBDOESITE > TE. coli BYIK T 5 BYLBHETE
HEBFEIRY, Cie~ Cy DB T7 v ML L 7z MDP
FEMARIT IR ORGSR S i,

CH,0H

O
[e) ~OH
HO

NHAc
CH3CHCO- L —Ala~ p—isoGln— L—Lys—NH-CO- (CHg)16—CHg3

MDP-Lys (L18)

K2 L18-MDP LU MDP-Lys(L18) Dtk
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LI 2D 2 F 7 04 L MDP B8R TGRS
NEEMEAIME (PMN) ckiFd 3 £E2 5h b K5
B, 7F9EE, v YsREickt LERITH - s,
RYGHEFE S < 7 0 7 » —VIIKET 2 EFASND Y
25T, YILERIERIIENTH T, AT TR
4 v MDP (& b EC IR Tkt L 24 BERTRTICR S L e
EARE LMW RS i, & DICRERTEYEH
WicEERE S E LTGmENY), v ekRT7 2 LF
RSN, X BN, o —F v UEEYE RV
CHRIMAE RS & 7 3 RATEREE I d 5 27 70 4
v MDP OFEZMEDIH S iz St

% 7o, AL PERIE OBFHERICB VT, E. coli &
Pzttt a2 7 7 V) v, P. aeruginosa YIS
Ly v y=A4 vy, S aureus iZXgTE =) v, C.
albicans Kt T A7 VR F Y ¥ v OIBENRIE AT T
o4 v MDP & offfHic k&L ELEL, HWEHDOM
FTEHRMNED SN 1,

HESFww 2B B HMREREET VERHWTL
18—-MDP # X 08 MDP-Lys(L18) @ fef € T ic
B B BYUET U O WREE R RET L, 2 —F v v
I & - THPEEREEILF & 72 BALB/c v v R Cory-
nebacterium kutscheri 4S5 & v 2 3ERG
W B, B4l HRANCT ¥ aNy b EES LGS
EHE<y 2 (2 -5V VS LR C. kutscheri
ot LIRPiE 284, & <ic MDP-Lys(L18) %3
HOE FIEFTE O eRIEE A R Lice The AT T84
JU MDP #FEADTEHIBIE & L T AIMER O E
Gfr, B KFEFEA T & OBEELEN S 1T 5 b,

1) A4 N RERICKT B30H

%559 13 MDP-Lys(L18) a5tk »T= v
2B DAY TINE VHFTA L RRGITH T B RO IERR
FHPESIE OB 2w 7o, C5TBL/6 v Y Rtk v S
4 4R EG 1 HAEjIC MDP-Lys(L18) * L18—
MDP #EZEBERS T2 &, €Y 54 94 L2 DORRPE
JEG st U Cam W R IR o ki 2 R 4. MDP—
Lys(L18) @+ ¥ &4 v 4 L 21kt d 2 15 FARSIED 1
HRIEVE IR S s b RV RI T, BRIRN % 7 1 MRk
MES Tk 7 OERLTEV, MDP-Lys(L18) @& 0
REPREIC ks THEHA VY —7 =0 VOEARHED S
Nt wa, MDP-Lys(L18) OGS %Rt v 54
© 4 U DRRBPEEGC & - THIBAICB L CE MmO
4 vy —7 0y DEENRED LN,

X 51w d MDP-Lys(L18) ®# A/ 0k 27 >
I MBI X D RIFREDE T L=y R8T 5~
Z IR A L 26 BB ETE R IC D W T b S
wahilo,

2) A b A A v FREEN &AMk

MDP-Lys(L18) {3 in vivo ¥ & in vitro DFRIC

ok EeTE B9 T

BWTEELT® Y Z2BLV PHERRIIEHLT,
IL-1, IL-6, G—CSF, M—-CSF, TNF, IFN-y 7 &
AFET L ENPESMIcs Y, HES P 3y

iz MDP—-Lys(L18) % 1 mg 9> 10 HR#EGe%k 59
3 &Ik @AMmEk, &R, ~27o07,-U8
FUBBEOE L WBEMBED 5N E T EERM L,
S DM/ MREE OF L wiginbild Shi, £ X
BEPY 7074277 3 RS LY 2BV TH
EF U 72 BBk A MDP~Lys (L18) o5tk > T
HRPICEET 3T EBHLMIcE N, TR SEME
felcxtd 5 MDP—Lys(L18) O 1d, & Xiculi~re
MDP-Lys(L18) ic & » T#HE s i IL-6, G-CSF,
M-CSF itk 3 D EHESh TV B,

3) MDP-Lys(L18) DRI

% 1A, MR EZE T, MDP-Lys(L18) D
PRIGH A2, HOHRARIC & » TR L IomEE
OHIMEROFAEICIGH S N,

ARE R e O LR B & ORI &
% Bk 1ot 2 %5 THHEERIC B W T MDP-
Lys (L18) @ M IMBRE/DEIEZNREAZED Sh, EHEHE
121 H 200 ug/man EEZ S5,

TRSHERARIC & BB EE O AIMERED I3 230 RIc
B4 A EMMRBRTIE, 1 vy v ERReE LEEAL
KA A FER LY, %5 14 8EH REK1EK ©
HE%EIE, MDP-Lys(L18) #4572.3% (32/44) B &
UA vy VB 54.0% (20/37) THOEEEIED S
187 - 7243, MDP-Lys(L18) B0 58 @R T -
120

— 57D EEDENRTO I TIE, MDP-Lys (L18)
BEM6lLA% B L OA v vy v EEMNIE8BTHD,
MDP-Lys(L18) ##HEICEBNL TV, AMEKDOA
7 59 MDP-Lys(L18) 051 & - T, HUFRHR®IE
12 & - TRD L2V b B U foo & 7, S TEETY
FEPE ER A 1T B 1 B IR L PREEAIC X B ErBkiE D et L
T b MDP-Lys(L18) ® mE & R AL MR s h
f\:ls)~17)0

TNy F A v ERRE U EAESEBRICB VT,
2 DEEALEREERNC & 5 AR I LT MDP-
Lys(L18) & 7' v 7 # viclk LEIEM RSB RIEN
TW3 I EMNEShicEh ™, £, MDP-Lys-
(L18) DIk HE (20pug) XM E L ZHERILKR
Bicb T BEOBME (A UL 323.2%
(13/56) Td » =Dzt L, 200 ug B3 50.0% (31/
62) EHEICED -1,

Pl Eod & 5 ic MDP—Lys (L18) 13 i SHiic B0
THEHRIRE 2 il 4 3 T & 15 CIREERIT O T L A5ATRE
THBTEERBELTEY, FIBILFREAIEHIC X
AAMBRED Z#EP M icBES 5 EPARER I &%
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RLUT, & HICHEHBRZEW T &3 MDP-Lys (L18) &5
& - THFHER, BBRD A7 5 F IV IMRE O EIE b AlHE
KIETHB, N0 DOEKREEITERESEEEICET
B URRRAEE, (L PR o X R HI L L < MDP—-Lys-
(L18) mER L AE#e b0 &EZ S 3,

4) MDP-Lys(L18) DEIfEH

WA, 8 MAHERERG O e — R IRERER 1Ic B W T Th
N EMERHIEICB VLT, 704 Bk, SIFER 1Z 275 B
(39.1%) IciB» o h, £DFE & D IFFE (217 H)
BLOEFEAKIE (96 F]) TH -7 FEROHRT
FEE, B, BIE, SABERKE E o HIEIRY 230
H (32.7%) THY, TOMERAIR, L EDHL
AR DS 134 (1.8%), 1B, RIFRI E OEFAEIR
31 (1.8%), &, J87%, FLBE, 57 & oS
EROG 231 14 (32.8%) ETHD, ThoDIERDK
oy 3R, PEETHD, —BHEOLDOTH -7,

4. BEhH VY IC

MDP-Lys(L18) 3 kics T IL-1, IL-6, G-
CSF, M—CSF, IFN R EDH 4 b4 v aFES 3 T
Litky, EEOREREOHEZIT-THBY, DK
ML bR DO RS AR L 780 2 & bEERII I
OMITENTWDE, T IR & D1c, MDP—Lys-
(L18) 133D L 7 hFrhak, BB D A 75 & MV IMEE D
FEEICOAENTHY, HEHRERSE IRIGRERLEE
DORBEREREICEESREZR 2T bDEEZ SN B,

X ik
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4. ENEEEESOMEESEE — DNA ZH0ELT —

BN PR A

[FS A I

i A = BB

A kT e K i

EMERIRDSSE I YNNG AR T 5 & o,
Z ORISR >LWT ORIV S, T TIZ30%
HERNC o h OEREESTER S ATV DY, L,
T0FERIBLDICVWDWY D FEOREERE OFkE
LT BCG % EMMIE 2B U mic i3y, (1) 5%
FEREY O TR E R EE RS S0, BT
Zbar HIC & D TNV E Y b OFFEICEWT, EEMEL
BCG & OIRSHEMEIC & 5 S omE Y, BCG Off
BN & B IEEOBMEY, THuchife L CRRUE
DHHEBEINDEEVHIATEBEFUINRENIL L, (2)
1312 %A U < LT Mathe 29/Nd &b (s s ®,
Morton 73 Bk B EEEEIC” BCG 2#%5 LEXH
EFMELLIEBBEFONE D,

C ok 10 4ERIE E, HRNERKT, ST T
Fa =ik hidEASLEHOEEICKT 5 BCG ¥
ENRA SN, BEBMEE L TRRE LTHL
SN TVWAEA, DEIADBKEHGRIEEY, &
FKIFESITHORLTOEREIRTH %,

T ORI EBE I £ 0, BCG OHUEEIEH O#%
FEDMRIAMNHED S, £DFEHR, RES oififbad
SRR RS b7 5 L, EE— B OB
EEFBMICEZ S &L, TR RIETUE
DRI DM BEVWD T EDVSD - 728, —F, Kv

VEYY LONED S OHOLME LI, EEEOET
ZHEMEITENE DS 2 N E MBI TSRS, i
EEMEICOWT & Methanol extract residue (MER),
I-F7 7289 —BXUP,, SEKEET V2NV h
(WSA) itz EoWE»n-> > X Wb LiFohicons,
BaRIC B\ TP MER f0lf © @ AfaEE S (CW-
S), 45 IAVRTF N (MDP) &ZDFEAENT Y a
Ny hEEELTOASHB I N, £ ITCWS,
MDP 1377k 512 & » THIF &Nt BCG ® DNA %)
(MY-1D &&bic, brETRESEONIHETS
%o

HEE I OET L faEEE I, BCGAREKSET 5
CEicd AfERREEh S ERSh TV, —5 BCG

Table 1. The 45mer Oligonucleotides with Sequence from ¢cDNA of BCG Proteins

Designation Gene Nucjzgﬁi: Base sequence (5'—3")

BCG—AlL 327—371 AACGAGGGGC ATGACCCGGT GCGGGGCTTC TTGCACTCGG CATAG
BCG—A2 594—738 AAAAGAAGTG GGGTGCCCCC ACGATCACCA ACGATGGTGT GTCCA
BCG—A3 64 kDa 735—779 TCCATCGCCA AGGAGATCGA GCTGGAGGAT CCGTACGAGA AGATC
BCG—A4 protein 813—857 ACCGATGACG TCGCCGGTGA CGGCACCACG ACGGCCACCG TGCTG
BCG—A5 (Antigen—A, 11456—1189 TATGCGGTTC GACAAGGGCT ACATCTCGGG GTACTTCGTG ACCGA
BCG—A6 2431 bp) 1552—1596 ACGAGACCAC CATCGTCGAG GGCGCCGGTG ACACCGACGC CATCG
BCG—AT 1962—2006 GCCGAGAAGG TGCGCAACCT GCCGGCTGGC CACGGACTGA ACGCT
BCG—A8 2371—2415 ACCGAGAACA GCCACGCAGT CGTGTAGGCA ACCTTTGGCC GCTGT
BCG—M1 MPB—170 1— 45 GGCGATCTGG TGGGCCCGGG CTGCGCGGAA TACGCGGCAG CCAAT
BCG—M2 (492 bp) 151—195 TCGGTGCAGG GAATGTCGCA GGACCCGGTC GCGGTGGCGG CCTCG
BCG—M3 410—455 ACGCCGACGT CGTCTGTGGT GGGGTGTCTA CCGCCAACGC GACGG
BCG— a1l a—Antigen 348—392 CGACTACAAC GGCTGGGATA TCAACACCCC GGCGTTCGAG TGGTA
BCG—a 2 (1165 bp) 757—801 GACCCGGCAT GGGAGCGCAA CGACCCTACG CAGCAGATCC CCAAG
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Table 2 . Regression of IMC Tumor in Oligonucleotide—treated CDF 1 Mice
No. of cured Tumor weight Growth )
Exp. Sample mice®,/No. of mice (meanxSD) inhibition® St;lciggtt S
tested (g) (%)
1 Saline 0/5 1.13+0.53 0
BCG—A2 05 0.82+0.20 27.0 NS®
BCG—A4 1./5 0.28%+0.20 75.0 P<0.05
BCG—Ada 1.5 0.361+0.26 68.0 P<0.05
BCG—Adb 0/5 1.18+0.27 —4.0 NS
I Saline. 017 1.45%0.85
BCG—A1 0.7 1.27£0.60 12.4 NS
BCG—A3 1./5 0.42%+0.37 71.0 P<0.05
BCG—A5 017 0.961+0.41 33.8 NS
BCG—A®6 017 0.621+0.41 57.2 P<0.05
BCG—AT7 1.7 0.58%0.44 60.0 P<0.05
BCG—AS8 01 0.91£0.44 37.2 NS
BCG—M1 017 1.00£0.58 31.0 NS
BCG—M3 2/6 0.65+0.69 55.2 P<0.05
BCG—al 31 0.11%0.16 92.4 P<0.01
BCG—DNA? 2/1 0.28%£0.16 80.7 P<0.01
a) Numder of mice in which tumor eventually disappeared.
b) Growth inhibition (%) = (1 —test,/control) X100,
¢) NS, not significant,.
d) DNA extracted from BCG by Marmur’s method,
Table 3. Augmentation of NK Cell Activity by

OIEFFE SR L N VTS 2 & s, =70
7 7 — VIEMALIER], NK $HiasafEf, 1 v —7 =
o (IFN) 2%iHE T804 b h 14 VEAFRIE
PR E AR E LT, R4 OBIRES S % OFE(AHH
BRI 2 WIS W TREI SR STV B,

bhvbh b2 1E B 30-MDP OHLEE faEHEIC
FB7YanNy PRHIRPV IconTHE, W20
PE I > W TERBVIEER H5VIEinvitro TD
M AIT > TEens, REFER, BEEICX 3RO
HLEEERT 120, bbby v — 7 BB IR
UK SR 21T > TV 5 BCG @ DNA ICEEREA L
T, ERHORMAEHENT S LTl

BCG HiskHiSY DNA (MY —1) 'V DS i7h itk 1o
SWT I3, % OREEENLEH THE 61 EARSRE
(1986 4£) D v v ¥ Y v ATUAICL O RE S h'?,
Z0%, BRARICBOWTIREAETFEEDORENE W
s, A OREHICH L TREER b TR T
FEHHEE D SN TV B PW  —F in vivo, in
vitro DABRIZBWT, IFN —a/B, —7 (=207 7 —
VIEMALIRT : MAF) EAOBIEERFITH D,
NK iEHEOHE DR % & 72 5 TERAHI S 721919,
TERBFRIAA DS LT, BARFNEERTV 5,
TEHEEE S EEA ST B, EFELAOLY T
X7 LAFF (£) T DNA) 2AKL % O &G

the Synthetic 45—mer Oligonucleotides

NK activity

Oligonucleotide (% lysis+1.S.D.)
BCG—A1 6.5%1.1
BCG—A2 5.56%£1.0
BCG—A3 33.4+5.0
BCG—A4 42.1£3.3
BCG—A5b 10.4%+1.9
BCG—A6 30.4+4.8
BCG—AT 32.4%5.4
BCG—A38 11.6+1.9
BCG—M1 6.11.9
BCG—M2 9.5%+2.1
BCG—M3 26.91+4.6
BCG—al 65.619.8
BCG—a? 10.5+1.9
Medium alone 54%1.5

BALB, ¢ mouse spleen cells (1 X10") were Incu-
bated with or without 50 g of the 13 kinds of 45 mer
oligonucleotides in 1 m/ RPMI 1640 medium supple-
mented with 1096 FCS at 37C for 20 hr. The cells were
assayed for NK cell activity at an E/T ratio of 50.

OHBEEFHNBE EELETY MY-1 DHFH A
R D5Mi% B B & 45 mer METIC € — 2 b 50T,
COREEDA ) TDNAZARKT BT EIcLice ¢
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Table 4. The 30 mer and 15 mer Oligonucleotide Fragments of BCG—A 4
Designation Base sequence (5= 3")
BCG—A4 ACCGATGACG TCGCCGGTGA CGGCACCACG ACGGCCACCG TGCTG
Ada ACCGATGACG TCGCCGGTGA CGGCACCACG
Adb GGTGA CGGCACCACG ACGGCCACCG TGCTG
Adc ACCGATGACG TCGCC
A4dd GGTGA CGGCACCACG
Ade ACGGCCACCG TGCTG
A4f TGACG TCGCCGGTGA
Adg TCGCCGGTGA CGGCA
Table 5. NK Cell Activation and MAF—and IFN —induction by
the 30 mer and 15 mer Oligonucleotides
. . NK activity MAF activit IFN titer
Oligonucleotide (% lysisS.D.) (% lysis=8.D) (1U,/m0)
BCG—A4 41.6+1.8 24.2%0.5 256
Ada 42.0%£3.0 25.0£0.8 256
Adb 17.0£1.2 13.2%+0.9 16
Adc 22.4+2.1 5.6t1.2 <8
Add 14.6%+1.7 4.6£0.6 <8
Ade 18.8+2.3 5.7£0.7 <8
A4df 16.7+1.9 ND® ND
Adg 19.6+2.4 ND ND
BCG—A2 14.9+1.8 9.2+0.9 16
Medium alone 13.3+£2.5 3.3t24 <8

a) ND, not done,
BALB, ¢ mouse spleen cells (1 X10") were incubated with or without 100 ug of
the oligonucleotide in 1 ml of RPMI 1640 medium at 37°C for 20hr, Then, the cells
were assayed for NK cell activity, and the culture supernatants were assayed for MAF

nd IFN activities,

Table 6. Effect of Anti-interferon Antibodies on the Activation of NK
Cells and the Induction of MAF and IFN by BCG-Ada
Antibod NK activity MAF activity IFN activity
v (% lysis) (% lysis) (IU/ml)
None (BCG-A4a) 58.1 27.4 256
Anti-IFN a/ B 8.5 26.1 16
Anti-IFN B8 54.2 26.5 128
Anti-IFN 7 57.6 3.2 128
Medium alone 7.4 5.5 <8

BALB,/c spleen cells (1X10",/m/) were incubated with 100 gg/ml of BCG-4Aa
in the presence of 500 NU,/m/ of either anti-IFN a/ B, anti-IFN B or anti-IF'N
7 antibody at 37 °C for 20 hr. The cells were harvested and tested for NK cell

activity against YAC-1 target cells.

supernatants were also tested.

HbhbH BCG MFEET % 65KDa v 3 v 7 EAY,
ROV s ) VIEWWETH 5 MPB-T0 &H Y,

BLUY

atiF?® #7zhEha— Fd4 3 cDNA OIEHEEFID 5,

MATF activity and IFN titer in the culture

Table 1 IZRY & ) IERDOEIT %2RA T 13 EHD A
) & DNA =& L 7o
NS oPiEEEEAF NS &, Table2iZ/R"d T &
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 6/13 IcfEE D hE A H I 2 iEHESA S, NK
TEHEERIERIC DV T h, FEUL Th s 6 EANERER
L7 (Tabled), CTOiEH DT VA ) I DNA &, H
BAELATS, HBIZVRE/THELEFTHZOEMA
WHONEM T ED D, ANERNCIEMEEZRTHE &
RIEHEEHE S ICADP NG S ENIHS M & - 1,

MY-10E&EE UL, PiEEEEN IFN EARY
TR &K U NK BEE ESEIT LTV 20T, LkRD
FRFTIE I NS in vitro DIEHEAEEEE LTITH 2 & E
L#o Wi Tabled loRkd T &L, iEHEDH 2 AdD 5
il %V iF 3" M S 30mer DECHIZE, & HICHL D
AD 5 15mer DEF Z# A THEK L Z DIEHIT > VT
W& T A, NKEGHERT, TFN &5\ 3 MAF B

—
(=3
(=}

1

§ F @l
ﬁa 8or BccA DNA
4 | eA3 A4 F
>3 .A4a
5 60 o 0047
A
E r M6
3
- 40F o8
c FeMIAS
S 20p MM
2 | oAl
’E‘ 0 -’l‘- f‘é4b 1 1 1 g4 1
10 20 30 40 ” 70

NK cell activity (%)

Fig. Correlation between Antitumor Activity
and NK Cell-Augmenting
induced by the Oligonucleotides

Activity

Closed circles and squares (@ & ) represent the Oligo-
nucleotides with palindromic sequences and open circles and
squares (O & [[]) represent those without a palindromic
sequence. For comparison, values obtained by cultivation
with DNA fraction extracted from BCG by Marmur’s
method (A) and with medium alone (%) are presented.
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HEFEREEE, Ada PERKT, HTREVWASLLED S
N -1z (Table5 ), IFN o9 2HiA%MNZ TR
BEEBE, MY-1TRENZERUEL®, IFN-a
BEADFERD NK IGHEMEBIc oA 5 &, MAFE
WS IFN=-yIc k3 T &5 EHHMKE SN (Table6),
COA Y T DNA DRI IEMED, MY—1 OiEHE &% L
W EDTRE S N,

5 Mo 30mer IEW R - 722 £ D, T OHciE
WRESHEET 5 bDOEIREL TR 13BOARKA 1
I DNA hTiEHoRS N7 6 & kit L, =
DGR, 6mer D/XY ¥ Fo— ABRFIOEHE, TEME,
ANERAEEBELTOWB I EDGM ot THbE, o
Y Fo—afilflEEd 54 I DNA &, PIEEER
EHT 5L LI NK BT ART CEMHH SN
72 (Figle TOT &F, ESICATEED A 2a oy
D) v Fo— AfH 2 AAALTERLT, Z0E
HEEFN/IZET A, Ada &5 -7 E%0D NK T
#AE/RLIZT & (Table?) 25 bHEHES NI,

L L, FEICRF LTAH 2 &, GACGTC D fthic
AACGTT, AGCGCT, GGCGCC, TGCGCA 73 &F
AR /YY) v Fo— AiFINADH - 1-—5T, Fig.
D M1 D &5z ACCGGT, AATATT, GCGCGC &
Wo [E L 6mer YY) v Ko —AfSE2&t4 ) T
DNA THiEHA RSBV b D S ELEL 12171,

Vb Dk o, FE 0EERFI%EY % 6 mer /¥
) v Fo— s, DNA OEYERTEE O FB 0%
HTHBIENWSMER o7, X514 Y 7 DNA
DOIEHOHF I WT, HTAEYRNTFEL BV Tk
hTdh b,

X ik

1) Biozzi G, Stiffel C, Halpern B N, et al.
Effect de 1’inoculation du bacille de Carmett

Table 7. Effect of Introduction of Palindrome Sequence on the NK-
Stimulatory Activity of Oligonucleotides

Name Sequence NK Activity

(% Lysis £ SD)
Medium 16.6 £ 2.5
BCG—M2a TCGGTG CAGGGA ATGTCG CAGGAC CCGGTC 154 £ 2.3
M2a—GAC e GACGTC v i 31.0 £ 4.8
M2a—AGC AGCGCT o s o 27.2 + 4.0
M2a—AAC e AACGTT e oo S e 33.9 £ 4.1
M2a—ACC s ACCGGT s e i 19.0 =+ 1.5
BCG—Ada ACCGAT GACGTC GCCGGT GACGGC ACCACG 35.8 = 3.0
Ada—AGC AGCGCT e s 36.4 £ 2.0
Ada—AAC s AACGTT e oo o 384 £ 1.2
Ada—ACC e ACCGGT  wrevrmrmmmmsmmsmss s o 16.4 = 1.8
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