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Introductory Remarks

Since old time, it has been known that tuberculous lesions are closely associated with macrophages, e.g., macro-
phages are constituent cells of granuloma in tuberculous lesions. In 1952, in vitro experiments revealed that tubercle
bacilli phagocytized by macrophages were able to proliferate within macrophages, and thus the concept of the intra-
cellular parasites was established. Furthermore, it was found that macrophages obtained from animals immune
against tuberculous infection inhibited the intracellular proliferation of phagocytized tubercle bacilli. The mecha-
nism of the inhibitory effect of “immune’ macrophages on tubercle bacilli was explored, and was shown to be a
consequence of T cell-mediated immunity. This symposium aims to solve problems relevant to macrophages which
participate in several facets of tuberculous infection.

Macrophages participate in several facets of tuberculous infection: (1) Macrophages play a role in the first defense
against tubercle bacilli at early stage of the infection, (2) they play an important role as antigen presenting cells in the
induction of effector T cells as well as in the stimulation of the induced effector T cells, and (3) macrophages acti-
vated by the antigen-stimulated effector T cells play a central role in immunity against tuberculous infection. In
addition, macrophages are known to suppress immune responses under certain conditions.

The role of macrophages in (1) and (8) is relevant to the mechanisms of the intracellular killing of bacteria by
macrophages, and the mechanisms have been explored by biochemical and metabolic studies of phagocytizing macro-
phages. Drs. Minakami and Ando will present their data obtained by the studies along this line.

In the antigen presentation by macrophages, MHC products expressed on the macrophage cell membrane are
known to be crucial. In the induction and manifestation of cell-mediated immunity to tuberculosis, products coded
for by I region genes are important. Dr. Tokunaga will present confirmative data with this respect.

Antigen-stimulated effector T cells activate macrophages via lymphokine, macrophage activating factor (MAF).
Dr. Tokunaga obtained data which suggest that receptors for the MAF are present on macrophage cell membrane
and expression of the receptor may be related to the differentiation stage of macrophages. In addition to the activa-
tion of macrophages by MAF, bacterial components of tubercle bacilli activate macrophages, and Dr. Ito will pre-
sent data on the activation of macrophages by mycobacteria and nocardia cell wall skeleton (CWS). It will be of
interest to compare mechanism of GCWS-directed activation and that of MAF-mediated activation.

On the suppressor macrophages for immune response, Dr. Kato will show that macrophages from animals pre-
viously injected with BCG suppress delayed-type hypersensitivity and prostaglandin released from the macrophages
may be an active principle in the suppression.

Thus macrophages exert diverse functions in various facets of infection and immunity, and whether or nct each

* From the Department of Microbiology, Keio University School of Medicine, Shinjuku-ku, Tokyo 160 Japan.
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of the different functions is exerted by different subset of macrophages or macrophages at distinct differentiative stage
becomes an important problem of the studies. Macrophage cell lines originated from macrophage/monocyte lineage
give us useful and valuable information for clarification of this problem. Various macrophage cell lines, which ex-
press different markers, e.g., IgFc receptor, C3 receptor, phagocytizing activity and so on, in different combinations
have been extensively studied by Dr. Ralf for the functions in various respects. He will present his data which are
related to infection and immunity.

I hope that vivid discussions on the talks in this symposium should stimulate studies of macrophages and tuber-

culous infection.
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2. FORMATION OF ACTIVE OXYGEN RELATED TO BACTERICIDAL
ACTIONS OF GRANULOCYTES AND MACROPHAGES

Shigeki MINAKAMI

Department of Biochemistry, Kyushu University School of Medicine
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EVHEERZ I 23D EEL bR TE M, FHED
Fgeic X 2 & \vbh@ 5 NEWIEEEE] »E & L TREIC
BIE LT\ EELDbND L DT Dl, GRS LT
ERT W B DL, BEM A (Oz), BEELKE
(H0y), & Frxv7 Y —30Hhr (HO.), —FEER
5% (10y) TH 5B,

MEOM WAL & &SI RilfanERNEERL AT 5,
Z OB AIER h AZDFe b D = v ¥ — ARG T
1270, BHEEPHETHLDOTHD, I+aVFITD
ERfbA Y vERL LBIGRL T o &1, HEgeA Y =
=AUV ETIREIRLNZ LI D THLNTH D,
Z OEEENEBOMINT NADPH-F{LESE DOIEMILIT X
BL0THD, = 0OEEFEL NADPH I© X o TBEST
(Or) ZBILLTO; &35 (H1), HOz 1% O3 D
F4 AL 2T —Ya VIZEDTIE B R, HO- 2 103
LE[EHmOCTELR D (K2), AAlfadciidd ¥
P ESE R Lo CHEBE R IR D,
oY X —2-HO0p %D fillft5% e vz ko
THEEShZ, (=8t L -0 Lo TfEbR

ImrR

| BETE T

| cAMP, cGMP
i CaZ*

: Microtubule

i W~
(Cyto.E%c &)

20, —H;0; +192
LY / Vi

INAD(P) og{-/c“f?j?’

2NAD(F12H; yov o

T -

B 1 Am3REmR R oo

B7 A7 e FLBEEREZRT,
NADPH-F4{bE R O G bk s 2 FlRalE & 2 fh 5
BLECIOTREDLDT, HMEHKYALDBEL L
ELXLiew, Bz E Ml B4 ilE LMEOmR » ik
BEMHETZHA +H TV VE (F73D) XERERS
<~/ Rr7y—o0 O ERREY EEET 2 (K3),
F4 b H TV THIB L 7 fIfAD SR i K & o O3
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1. 02 + e - 02
- +
02+e+2H -—\H202
+
H202+e+H -3 0H + H20
O +e+H —H,0
- - +
2. 05 + 05 + 2H —2H)0,
(SUPEROXIDE DISMUTASE)
3. 05 + Hy0, + H =201 + 10, + H,0
(Haber-Weiss Reaction)
4. C17 + H202—¥OC]- + H20
(MYELOPEROXIDASE)
aq= 1
oc1t + H202-—b O2 + H20
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‘Table 1. Ojz-Generation by Mouse Peritoneal
Macrophage Preparations (Mean =+ S.D.)
Treatment nmol O3 min-1 5x 105 cells-1
None(resident) 0.09+0.06(n=8)
Glycogen 0.11+0.06(n=3)
Paraffin oil 0.74+0.13(n=7)
Aoyama B 0.54+0.20(n=>5)

Table 2. Effect of Inhibitors on Oz-Generation
by Guinea Pig Peritoneal Macrophage

Inhibitors Inhibition
2-Deoxyglucose (2 mM) 75%
KCN (1 mM) 29%
Azide (5 mM) 167%
Antimycin A (20 gM) 46%

Ca2t (A4 77 7 A23187 FHET) LI OTHAS
Nns,

A4 ATV ERLD Of HRIE BRIk D
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DAL, BEORIGHECOLBEL I b2V FI 7T
DIPW A HBEE+5 DR L, BiEE—Ramtiyy v
BILCRFEL TWBZ ETH D, E2ARTLIOL<Y
r7 »—n0; BHTFFEREERC o TlEIR S,
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3. ANTIMYCOBACTERIAL MECHANISMS OF ACTIVATED
ALVEOLAR MACROPHAGES

Masayuki ANDO, Mineharu SUGIMOTO, Moritaka, SUGA and Sunao HORIO

The First Department of Internal Medicine, Kumamoto University Medical School
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intracellular growth bacteria FIETN AERHE VY A
7V TEIBRE L2 e, AM 23 h b OERRET
BiedizlL, 4o stimulants I L D iEREI R B 2
EREEL D, £ THENL, EFHE X OKEMT
R+ 2% stimulants OREE, Zh b stimulants 2 XD
FHEHI N EEE AM OFEEEFREFC LT,
AM o fR#ITEID B LAk D #x O FE - 7nb
D SEfT o ERER bbb TR E L, EEL
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B R Ry, EEEE BCG Ha A, AM L)
HUf & A2 RIS TRESEIVIC i L TR L T, 353K
1% 10% FCS %4is RPMI 1640 % v e, IfifapiEl/E
BLAr & LTE, BIHRE AR TREETNC R L T
Teilt, MR L CHllIg g & AR, FiC millipore £il-
ter 1 OREE, BESR, MIBEIRFELIC, Z D% Diaflo
B CsiEss, millipore filter THELLIcd D& Tz
(LIF PW EBET), AM ofiElx, BCG WM
HIEIHIZhE, 77 AEA~ORERE, NBT #ithE, A
— =¥ F (03) EAERE, »EA VITRT 5
BE, ABMETHRIL, HREEMCIIELRIIEE (SEM)
1T X ABZ LA X B spreading KCHGY Lic, A8
#pyco OF FEAIL xanthine oxidase-purine system %
F\ o, PW drd AM iEHLE DR554UZ 1 Sepharose
4B column chromatography, affinity chromatography,
FEBESKE R EOFER A iz, Mg NAD(P)
H oxidase j%H14:1% AM @ postnuclear fraction {2 -2 \»
THE LT,

A, EFifzowT

1. in vitro [TRVF AIEH AM OHEIEA

EEREISER L AM 1L, in vitro TlY, =
TEIIRET A2, VAT Y TEOBEED S HThE
BHWCET % BCG WOMBEARMA IS L 2 iahodz
(Fig. 1), =D in vitro DFERDS, L L in vivo IZB\T
LHEETH B LT 57biE, AM ZHERRG DB H
DEEZITICL TN E LI D, & OfEmERZTH
SELLINTHAHA 5, FZ THAX, [in vivo 12\
TiX, AM IEARERT, L obld AM »EFEEL
T B BRERS DS, AM OB ED TS| &
DIEEREH DL e, UTFDEREITINDN,

2. IEEMUEEEK PW) FETICRT 5 AM D//R
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TEFEBENR R B PW 2 IEH AM O BRI I
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L, NBT #@icee, O EEAREM T LTc, SEM TILM
Jalio> microvilli, filopodia DK & FOHEINHEEE T
HY, FT7AENLO2DFEL Tic, Fiorufflesi
HEL Tz, ThbOBR OO L PW
OFINEE, PR EMEREL, BAE 150pg/ml LLE,
TERRFH 60 HLL ETHEEENH O, B E L lym-
phokine T3 EE& Mg (PEC) wIXiEHALIFR % =
L7y, AM /e Liniote, DA bofERix, EF
AM ZIEW PW OFFET CTEMML AM tind s &%
AL TS,

3. PW jEik(k AM of BCG HEIFR?

IEH AM 1z BCG B3 vii®42 L, BCGH
1T AM PICHEL, AM @ NBT #iTHE7 Ui O
BEAEREIXBI MR R L 7, —35, BCG &H: AM 1
PW 2¥Rin+5 &, AM X BCG Dffap g s #EiL,
NBT @A bONT O BEAERRIE L < JUEL Tuwic,
oz Lk, PW EM(L AM I PUEREIER AL,
ZOWFIT O3 PBELTWBZ EAHREL TS,

4, Oj-generating-catalase system 2 X %5 R BE N

BCG (A2

Xanthine oxidase-purine system % fi\~ CEREEE I T
EEHE L7 OF 2% BCG B BIMI/ER 2 1B
Lic, ZTDfER, O BRI BCG IREANCIER T
By, FOERIZEE, LasLiah s, ZDRIT catalase
P T B &, REDRIMR L, ZOBRBERIRIX
catalase DYRINPEEEICE S22 HIBI L, F /o catalase D
ZE pH TH 5 4.0~5.0 DRI TR LB GG Sh
oo TDEED O EAIXDETIIH BN steady-state
WCREE XN TWie, AM o phagosome i3 acid pH T
HoHo L, ¥l AM 134 ED catalase 2 FH L, FD—
FX phagosome PRIZEATS 2 C &b, T DRERIL
AM TlEZ ) 5 2EF LB,

5. JEMEE AM o NAD(P)H oxidase Di&E}

PW EM(E AM 12 X 5 O3 pEARMIfastEE CfTiedh
nTWBZ &% NBT & SOD % /e SEM THER
L, » 2> KONiETH 5z LR LD, PW R
4t AM @ postnuclear fraction 2351} %5 NAD(P)H
oxidase DIEMEZHR L7z, HBIRIIXIERH AM § PW iE
Pk AM § %o NAD(P)H oxidase FEHIC 54 TELL
7hote, ZOZ X, AM o OF Pz PMN
LR R TR EZRE LTS XS IE X %,

6. PW tho AM jEiEAbE OkEv

IE# PW % Sepharose 4B T4/ LE@E S5 &, 5EHS
AT bRl EEEEILE 4 ESCORELEL, o
OHFEIGHTDEATRbECIEESRD bR, %
T OGS, PR IgG YilkE RE S affinity
chromatography % T, IgG %zl & = AEME
IR L, Bhhi IgG BRMLICE ZAEER L B

W ESE BT

hic, =0 IgG OEAEIL dose-dependent TH 2 7z,
L= T, PW oo AM EMALWEILGR 186G T
BB LRSI,

7. Neonates » AM ¢ PW D

ERUZ-EF R KIT 5 AM & PW B4 5 £
FERVIEL W &Y, BRYURPMEDEVCHIERTRE T
X, 70 AM H 5L PW SR B 5 2 3% 2 5
ND, LI TEET BHOFARKEC DR LI
KR, AM 0 O pEAEfRIZEE<, 7t ® PW X phos-
pholipids I3FEFICEH L T\ 54, IgG &FEER & b
DTHIeL, AM FBEELERRN 2 Ebnols, &
DOEFIF AR O BRI DO—HE & b2 TRY, &
FEiemR EEZ b5,

B. ZKHEMfiiconT

BCG [iAFEFRELY 7L & LT, KEMCKT 3
AM & PW OBIfRICDOWTHE L7z, IRZED B8
<7 w7 5y~ (PM) OFWIIEHEMD AM D 5 %L
ETHy, ol BEERE, NTB EITHE,
O3 BEAREDOWLTRLTTEL Tie, & DLIERIN HE
7o PW ZIEH 7 AM icfEfise%&, AM o OF
ARBTEIICITEL, BRWY AT Y TREFAER L
(Fig. 1), ZOXEMD PW i3 E% PW fiEic
BHEELWIRATEEE Bbh 52 AM FE{LWE
(T8 30T7~70707) B DT Edlbomore, ZDWE
COWTIBAETICHFTTH D2, iRl &L,
#H 4 DFiciy lymphokine [X/Ef LishotcZ &b,
Z OYyEH lymphokine "TH 2 WIEEHEIL DI TH A 5,
U EDfERNS, BCG MAFERECHS T, FHx
MR BCG FARZSIT DWW TR L i 7, AM
DER & L DEMANEE TH D &, BLOhED
B&a 45 stimulants 230FEND PW I e+

op  *
vv 03,0,

/.IgG in PW
0 Y YV HO
® s

(Fc receptor?)

phagosome Catalase ;

Fig. 2. A hypothesis antimycobacterial mechanisms
in the AM activated by IgG in PW or serum.
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W% Bl e AP 1eG A%, % @ Fe-portion T AM
O HfaE > Fe-receptor [Zis &3 % &, i stimulant
L, Mla”EESLE T OF AR E b Mllast i
HEhs Glfas~fit i OF KB TE S
1z active oxygen-OH, HyO,, 103 NEBITT 5D
T, Oj-generating system GFFES), ABFEHTIL AR
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—7, ZDX5IBEEIMEEIL T AM, ik
HHIEEMEL AM T, WEEOREAS % cord factor
21T U &35 cytotoxic factors (= L b, AM o A%
MickEExh, O EABMIETL, #EEOMEA
WHELZRTLDEEZ BN S,

#® B

RO HEE BT 2llila~s r7 7 -
DOEENEEFM7s O IHEMRINC B3 5 ERD &
DOHEIERADE, bRETL, AM OISR E(F A 1
1z O3-generating system+catalase DERNEETH %
& DR,

#BEA L C phagosome 23R SN %725, £ OWE Xl - -

THEEAE L D e A DT, OF i phagosome I}
f E%%,J i 0?2 P go, £ 45 1) Ando, M. et al.: Infect. Tmmun., 20 : 476, 1978,
ShapZlieicsh, =0 O3 (AWK Oz-generating 9y Apdy M. et al.: Infect. Immun. 24 : 404, 1979,
system) [ZHIT, &5\ % catalase DIAET THRERK 3) Sugimoto, M. et al.: J. Reticuloendothel. Soc.,
HBIEALYTT, MCKENRZ 5 &, MBI TEELESR 27 : 595, 1980.

s L =y SE 4) Horio, S. et al. (In preparation).

% IeG Mk IgG T, ZOMFREICHE S
¢ é * Te R o HE 5) Ando, M. et al.: Infect. Immur., 13 : 1442, 1976
B e, JOEMRICHCEE SR B HID AM 6y 40 M. etal.: J. Immunol., 109 : 8, 1972,
EMALE L D, Oz-generating system (X3 12 JL € 7) Dannenberg, A.M. et al.: J. Immunol., 109 : 1109,
L, FOFBEIEMDO AM 12X h il FIREEER % 1972,
FT XAk sDTHH S (Fig. 1,2),

4. ENHANCEMENT CF MACROPHAGE CYTOTOXICITY TO TUMORS AND PRODUCTION OF
MEGAKARYCCYTE-STIMULATING FACTORS BY MICROBIAL AGENTS

Peter RALPH, Neil WILLIAMS, Ilona NAKOINZ, Heather JACKSON,
Masami ITO, Ichiro AZUMA and Yuichi YAMAMURA

Sloan-Kettering Institute; First Department of Internal Medicine, Toyama Medical and Pharmaceutical University;
Institute of Immunological Science, Hokkaido University; and Third Department of Internal Medicine, Osaka Univ-

ersity Hospital.
SUMMARY

In vivo, Mycobacterium BCG and related muramyl dipeptide induce the production of colony stimulating and po-
tentiation factors for megakaryocytopoiesis. In vitro experiments show that LPS, BCG and zymosan induce the same
factors in peritoneal and cell line macrophages. Cell lines, in parallel with normal macrophages, can be induced to
kill tumor targets with antibody, lymphokine, LPS, MDP and other microbial immunomodulators. Individual
cell lines give a restricted response to activating signals, suggesting that they belong to different subsets of normal
mononuclear phagocytes. Mutant or variant cell lines defective in peroxide and superoxide anion production have
normal levels of tumor cytotoxicity when stimulated by LPS, phorbol myristate or antibody, showing that these oxygen
intermediates are not involved in these tumor and RBC lysis experiments. Using several lines as effector cells against

different tumor targets demonstrates that a variety of toxic mechanisms must be elaborated by macrophages.
g y Y g

Uses orF MacropHAGE CELL LINES

Macrophage-like. cell lines are tumors of the monocyte/macrophage lineage adapted to culture, or obtained during
growth of macrophages in vitro. There are over 25 lines from different strains of mice (Table 1 and ref. 1), induced
by viruses, mineral oil or occurring spontaneously, and one human line U937 from a patient with diffuse histiocytic

lymphoma. Most of the lines have typical receptors for immunoglobulin Fc and complement, phagocytose latex
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Table 1. Macrophage-Related Cell Linese

Ab-RBC

Line Mouse strain Etiology Fc C Lz Latex —¢ —--K—
M1 SL S (=) — (=) — -
WEHI-3 C Oil -+ + (+) + — -
SKW2 C A-MuLV + + + +
LS 23 CAL-20 M-MuLV + + + + + (+)
P 388 D, DBA/2 S? + + + + + (+)
J 774 C Oil + + + + + (+)
PU5-1.8 c S + + + + + (+)
RAW 264 BAB/14 A-MuLV + + + + + (+)
B/6 C57B1/6 S + + + +
U 937 Human + + + i i i

a C=BALB/c strain; S=spontaneous; A= Abelson; M-MuLV=Moloney murine leukemia virus; Fc and C=receptors

for immunoglobulin and complement; LZ=1ysozyme; latex phagocytosis; antibody-dependent sheep RBC phagocytosxs

(Ab-RBC ¢) and killing (K); i=induced by human lymphokine® .
beads, contain lysosomal enzymes and produce lysozyme, prostaglandin and granulocyte/macrophage-colony stim-
ulating factor®. Synthesis of factors stimulating mouse T cells and human and mouse antibody production have
been described?. Some of the lines phagocytose and lyse antibody-coated RBC and kill tumor targets with anti-
body®. Lipopolysaccharide (LPS), tuberculin PPD, Mjycobacterium BCG, yeast zymosan and other immunomodu-
lators induce or enhance these activities in cell lines similarly to their effect on normal macrophages?~5,

The advantages of cell lines in the study of macrophages are both practical and scientific. 1) They are con-
venient—cultures yield 106 cells/m/ and the doubling time (16-20 hr) allows a 100-fold increase in cell numbers in
5-6 days. 2) They have constant activity. Macrophages harvested from mice vary greatly in tumoricidal and other
activities unless they are maintained in a carefully controlled environment with a constant microbial flora. Cell
lines can change gradually, or rarely lose some macrophage properties, but this is not a problem over several months
time, and the initial cell type can be obtained from liquid nitrogen freezings. 3) The cell lines are pure macrophages,
so there is no question of suppressing or stimulating effects by a small number of contaminating cells, e.g. T lympho-
cytes. Being homogeneous or clonable, most of the cells should respond in the same way in experiments, whereas
in vivo sources of macrophages may contain different subsets or degrees of maturation. 4) Because they are growing
rapidly, it is possible to select and analyze variants or mutants lacking a given property, and to study functions of

macrophage populations at different stages of the cell cycle.

MEecHANISMS OF MACROPHAGE ToxiciTy To TUMORS

Table 2 shows that macrophage line J774 kills about 25% M1 tumor targets “spontaneously,” with lower cyto-
toxicity apparent with other lines and peritoneal cells. In 2/3 experiments, conditioned medium from J774 contained
a toxic factor for M1. Inclusion of LPS in the 20-hr assay caused another 15-309%, targets to be lysed by all the ef-
fectors tested except the immature WEHI-3 and M1 lines. LPS concentrations as low as 0.001 gg/m! significantly
stimulated J774 toxicity. Antibody-dependent cellular cytotoxicity ranged from 9-359%, for the active macrophage
lIines. In a study of lymphokine-activated lysis of non-hemic tumor targets, only J774, PU5-1.8 and RAW264 lines
were stimulated to kill SV-3T3 (Table 2). Lymphokine-induced lysis of SV-3T3 occurred at less than 0.5:1 ratio
of effector-to-target cells for RAW264 (2 x 104/m!), whereas normal peritoneal cells required 10-fold higher numbers
for comparable killing.

Two mechanisms proposed for macrophage toxicity are H,O, and superoxide anion production®®. Two clones
of J774 lacking NBT reduction, H;O, and O3 generation during stimulation by tumor promoter phorbol myristic
acetate (PMA) or zymosanl® were tested. These clones kill M1 spontaneously and show enhanced lysis with LPS
and PMA stimulation similarly to the standard J774.1 line. In antibody-dependent killing, the 16C3C clone was

considerably superior to J774.1. There was no difference among these three clones in antibody-dependent phago-
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Table 2. Activation of Macrophage Cell Line Cytotoxicity

9 M1 targets killed 9 SV-3T 3 killed

I
Macrophage | t
|
|

E - LPS Antibody -- Lymphokine

J774 25 48 42 5 25
RAW 264 15 37 26 -9 31
PU 3-1.8 6 38 21 8 33
P388D1 4 21 39 -5 8
LS 23 3 29 12

WEHI-3 0 3 3 4
M1 — 2 0 -3 2
PC 12 26 14

U 937 3 6

Mouse macrophage cell lines at 20:1 or C3H/Anf resident peritoneal cells (PC).at 40:1
incubated in duplicate with '**IUdR-labeled myeloblast M1 targets 18 hr. Some cultures
contained 20 zg/m! LPS or antibody-coated targets (1 : 50 dilution rabbit anti-BALB/c spleen,
20 min at 23°). Background IUdR release with 20:1 unlabeled M1 (5—15%) subtracted.
Standard errors were less than 7% of means; differences above 3% are significant. For *H-
thymidine labeled SV-3T 3 transformed fibroblast targets, macrophage cell lines at 12 : 1 were
used for 40 hr. Background lysis of SV-3T3 was 18%, with lymphokine 19%. Lymphokine
was 1:10 dilution of PPD-stimulated spleen conditioned medium from BCG-primed C3H/Anf
mice”. Standard errors were less than 15% of means.

cytosis and lysis of sheep RBC. Therefore oxygen intermediates are probably not necessary in cytotoxicity for certain

RBC and tumor targets,

As with microbes, tumor targets vary in susceptibility to killing by different macrophage mechanisms. Antibody-
dependent lysis of M1 and human U937 tumor targets is similar but U937 is not killed by LPS or lymphokine
stimulation of RAW264, whereas M1 is. Thus, U937 is susceptible to lysis mediated by antibody but not by two
other methods even though the RAW264 effector is capable of cytotoxicity to other targets using all three agents.
As another example, 1.S23 macrophage line kills mouse pre-B lymphoma 18-8 spontaneously but not M1 significantly,
yet LPS induces lysis of M1 but not that of 18-8. This clearly suggests that at least two lytic mechanisms are operable
in L.S23. Spontaneous toxicity and that stimulated by MDP and other agents in macrophage cell lines have also been
described by other investigatorsi’~13, We expect the molecular mechanisms of macrophage activation and cylotoxicity

will be understood through a combination of genetic differences”, biochemical analysis®®, somatic cell geneticsl®

and cloned cell lines.
MEGAKARYOCYTE-STIMULATING FACTORS PRODUCED BY MACROPHAGES

Murine megakaryopoiesis is stimulated in vitro by megakaryocyte colony-stimulating factor (MK-GSF) and
megakaryocyte-potentiating factor (MK-PF). The agar colony forming assay is used with morphology, size of cells
and specific choline esterase staining to determine cell types. The standard source of MK-CSF is the monocyte cell
line WEHI-3 which also makes separate G/M-CSFs®. MK-PF does not promote megakaryopoiesis directly in vitro
but increases the incidence of clonable megakaryocyte progenitor cells in the presence of CSF, PF is found in
conditioned medium (CM) of murine lung, bone marrow and adherent peritoneal cells (Table 3). WEHI-3 cell
line makes MK-CSF but almost no PF. Line J774 makes PF constitutively and stimulation with LPS induces G/M-
CSF but not MK-CSF. P388DI line can be induced to produce all three factors by 0.01 to 1 gg/ml LPS. T
lymphocytes may also regulate megakaryopoiesis since the EL4 T leukemia line, previously shown to synthesize G/M-
CSF2, could be induced with T cell mitogen Con A for PF and MK-CSF as well.

Abnormal thrombopoiesis is observed in some patients with tuberculosis and changes in the level of megakaryocyte
stimuli produced by macrophages induced by microbial adjuvants including Mpycobacterium BCG and N-acetyl muramyl
dipeptide (MDP) have been investigated. Serum and three-day lung conditioned medium from mice injected with
MDP (4 or 40 pg i.v.) contained high levels of MK-PF (Table 4). Maximum activity could be obtained at a 1:300
final dilution by this source of PF. Exceeding large colonies (>>200 cells) were produced by MDP-stimulated lung
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Table 3. Assay for Megakaryocyte Colony-stimulating Factor (MK-CSF) and
Potentiation Factor (MK-PF)

Colonies per 105 Marrow Cells
Source
Gran-Mg (lv\v{ﬁ%g* (wﬁ%gg) =

0 0 0 0
Macrophage line

WEHI-3 160 10.9+2.6 0

J774 0 0 5.9£0.8

J7744+1LPS 1pg/mi 104 0 6.1

P3383D1 0 0 0

P 338-+LPS 1pg/m/ 98 2.8£0.9 15.7%1.4
T lymphoma line

EL 4 0 0 0

EL 4+ Con A 25pg/ml 88 2.6%0.6 3.2£0.6
Lung CM 112 0 10. 1+1.2
Marrow CM 39 0.4%0.4 11.2£1.5
Peritoneal exudate*** 0 0 11.8%1.5
Spleen 0 0 0

* Peritoeal macrophage CM.
** WEHI-3 medium, 3.2 colonies background subtracted.
*** Four days after mineral oil injection i.p. in C57B1/6 mice. Assay uses 0.1~0.2 m/ test CM
added to 1 m/ agar culture and incubated 7 days'*>. CM is serum free or containing 10%
fetal calf serum for cell lines initiated at 3x10°/m/, harvested at day 3.

Table 4. Effect of BCG and Ac-MDP on Production of Megakaryocyte
Growth Factors

Colonies per 105 Marrow Cells
Source
GM-CSF MK-CSF MK-PF
Lung CM 112 0 10.1+1.2
LPS 40pg iv 180 0 9.8+1.8
MDP 40pg iv 121 1.3%1.3 28.4+2.1
Peritoneal cells
CM i 0 0
LPS 1pg/ml 26 0 5.3+2.6
BCG 5 x 105/m! 45 4.7+0.6 3.4%1.5
Zym 25pg/mi 35 3.3+1.3 12.0+1. 1
Macrophage cell line
B/6 CM 134 0 0.9£0.9
LPS 1pg/mi 112 0 0.9+0
BCG 5% 105/ml 87 0 22,.2+4.0

One pair lungs 5 hr after injection, minced and incubated 3 days in 5 m/ serum free medium;
10° resident peritoneal cells from C57B1/6 mice or 3x10° B/6 cell line per m/ cultured 3 days
in 10% fetal calf serum.

CM. Small quantities of MK-CSF were also detected, but only at low dilutions of the CM. In contrast, injection
of LPS did not induce PF despite high G/M-CSF concentrations. Mpycobacterium BCG and zymosan were also es-
pecially active in producing MK-CSF and PF by culturing with mouse peritoneal cells in vitro. Macrophage line B/6
was induced very strongly by BCG for PF, but not MK-CSF.

In conclusion, stimulation of host macrophages by mycobacteria or their cell components may enhance the pro-

duction of factors influencing megakaryocyte maturation and platelet turnover in tuberculosis patients with platelet



1980%# 11

503

disorders. Cell lines may complement normal macrophage and in vivo studies to determine subsets of mononuclear

phagocytes and mechanisms of response to microbial infections.
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Table 1. Requirement for Histocompatible Macropbages in Antigen-mediated
DNA Synthesis in BCG-immune Guinea Pig Lymph Node Lymphocytes
Macrophage SH-TdR incorporation (cpm)

Strain PPD pulse Strain JY-1 Strain JY-2
JY-1 - 1,844 2,283
+ 23,525 2,233
JY-2 - 6,295 1,335
+ 7,310 9,574
2 - 2,601 2,494
+ 3,004 2,580

Peritoneal macrophages (10°) induced by oil were pulsed with 100 #zg/m! PPD for 60 min at
37°, washed and mixed with an equal number of syngeneic or allogeneic lymph node Iym-
phocytes from animals immunized with living BCG. Lymphocyte blast formation was assessed
after 72 hr of culture; 1 ¢Ci *H-TdR was added for the last 18 hr.

Table 2. MAF Activity of Culture Supernatants of BGG-primed (C3H x SWM)
F1 Spleen Cells and PPD-pulsed or Nonpulsed Parental Macrophages
on the Tumoricidal Activity of CDF1 Macrophages

M MATF activity
acrophages
cultured with PPD pulse .
e [3H]TdR uptake by Cytotoxicity
BCG-primed cells P815 mastocytoma® | (2% inhibition?)
— — 20,927 £737 —=5.7°
C3H/He - 22,020+1,170 —11.2
C3H/He : + 18,141+2,776 8.4
SWM/Ms - 21,732+1, 559 —9.8
SWM/Ms + 3,278+666 83.4

@ Each value represents counts per minutexstandard error. [*H]TdR uptake by P815 mastocy-
toma without CDF1 macrophages was 19,792:2,768 cpm.

b Each value represents percent inhibition, i.e., [(counts per minute of P815 alone—experimental
counts per minute)/counts per minute of P815 alone] x 100.

¢ Value represents cytotoxicity of nonactivated CDF1 macrophages against P815.
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Fig. 1. Accumulation of alveolar macrophages after

intratracheal injection of oil-droplets (EEH), BCG-
CWS ([l ) or BCG(EZZF) . Each vertical bar presents
standard error.
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Phagocytic activity of peritoneal macrophages
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Fig. 4. The cytolytic activity of PEC from N. rubra-
CWS injected mice measured as a function of the
effector to target cell ratios.

C57BL/6 mice were given 50 pg N.rubra-CWS (CWS, dotted
columns), squalene alone(Sq, hatched columns), correspond-
ing to that attaching to 50 zg N.rubra-CWS, and saline only
(S, open columns) i.p., respectively, and their PEC were
harvested 5 days later. These cells were assayed with ['*°I]
1dUrd-labeled FBL-3 target cells for 24 hr at effector-to-target
cell ratios from 100 :1 to 10:1 as described in Materials and
Methods. The columns represent the mean of 10 experiments;
bars, S.D.
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Fig. 5. Adherent properties of M. rubra-CWS-induced

exudate effector cells.

C57BL/6 mice were given 50 pg N.rubra-CWS(CWS), squalene
alone (Sq), corresponding to that attaching to 50 ug N.rubra-
CWS, and saline only (S) i.p., respectively, and peritoneal
exudates harvested 5 days later. The separation procedure is
detailed in Materials and Methods. Adherent (A, hatched
columns) and nonadherent (NA, open columns) PEC were
assayed against 10* ['**I]IdUrd-labeled FBL-3 target cells for
24 hr at an effector-to-target cell ratio of 100 : 1.

BCG-CWS, N.rubra-CWS 1= X >TE L < EHALSh
7o (Fig.3), REEDOMEIILT » Milifldi~s =7 > —2iC
SWThEbhi, DEO~@DERTIMHEHL LT
saline #%5. (XFZ control » ZFE/R) D.%7Z mineral
oil-droplets s 54157007225, 5% 4 BB E
DEALRZONIZET T H 2 7o, DEFHRGEE,



508
Table 1. Treatment of N. rubra-CWS-induced Adhe-
rent PEC with Antimacrophage Antiseium
and Complement

Treatment of adherent PEC 9% Cytolysise

None 33420

Antimacrophage antiserum 304

Antimacrophage antiserum-- 6£5°¢
Complement

Complement 29+6

Normal mouse serum 31t4

Normal mouse serum--Complement 37+6

a Adherent PEC were obtained from CBA mice given 50 pg
N. rubra-CWS i.p. 5 days before harvesting. Cytolysis of
FBL-3 cells was measured in a 24-hr ['**I] IdUrd release
assay at an effector-to-target cell ratio of 100 : 1.

b Mean=+S.D. of 4 experiments.

¢ »<0.01 compared to untreated controls.

Table 2. Sensitivity of N.rubra-CWS-induced Adher-
ent PEC to anti-Thy 1.2 Serum in the
Presence of Complement

Treatment of adherent PEC 9% Cytolysisa

None 29+8°
Anti-Thy 1. 2 serum 24+1]
Anti-Thy 1.2 serum - Complement 25+3
Complement 34+4

a Adherent PEC were obtained from CBA mice given 50 gg
N. rubra-CWS i.p. 5 days before harvesting. These cells
were assayed with ['**I] IdUrd-labeled FBL-3 target cells
for 24 hr at an effector-to-target cell ratio of 100: 1.

b Mean+S.D. of 4 experiments.

Table 3. Abrogation of Cytolytic Activities of N.
rubra-CWS-induced Adherert PEC by

Carrageenan®
Treatment (i.p.) 9% Cytolysis?
N. rubra-CWS (50pg)
-+ None 23.5+2.3
-+ Carrageenan (1 mg) 14.0£1. 3¢
4 Carrageenan (5 mg) 9.5+1.0¢
Squalene alone 5.7+1.5
Saline 1.0£0.3

a Adherent PEC were obtained from C57BL/6 mice injected
with N. 7ubra-CWS and carrageenan simultaneously by the
i.p. route 5 days previously.

b Cytolysis of FBL-3 cells was measured in a 24-hr ['**I]
1dUrd release assay at an effector-to-target cell ratio of
100 : 1. Mean=S.D. of 4 experiments.

¢ $<0.05 compared to N.rubra-CWS+ None-treated controls.

d p<0.01 compared to N.rubra-CWS+ None-treated controls.

Fig.4 % N.rubra-CWS % 50ug, C57BL/6 <= A
By 5.4 5 B oo PEC pUndFEREE FBL-3 =5t
THMEERTH D, =7 =27 & — : ZHIFIFAL 100

E OEHE FIF
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T
T
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g
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=
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0 0 50 10 (g
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Fig. 6. Dose of N.rubra-CWS required to affect adher-
ent PEC.

C57BL/6 mice were injected i.p. with 10, 50, or 100 zg N.
rubra-CWS (CWS) in 0.5 m/ saline and adherent PEC assayed
at day 5 with 10* [***I]IdUrd-labeled FBL-3 target cells at
an effector-to-target cell ratio of 100:1 for 24 hr. The i. p
injection of squalene alone (Sq), corresponding to that at-
taching to 100 ug N. rubra-CWS or saline only (S) was used
as controls. Each column shown is the mean of 3 experiments;
bars, S.D.

30
LV, S.C
20 [
g
g
>
2
10
A

S Sq CWS S Sg Cws

Fig. 7. Effect of N.rubra-CWS injection site on produc-
tion of cytolytic adherent PEC.

Adherent PEC were obtained from C57BL/6 mice injected
with 50 pg N. rubra-CWS (CWS, dotted columns) i.v., s.c.,
or i.p. 5 days previously. The cells were then assayed as
effector cells against ['**I]IdUrd-labeled FBL-3 target cells
at an effector-to-target cell ratio of 100 : 1 for 24 hr. Adherent
PEC harvested from the mice injected i.p. with squalene
alone (Sq, hatched columns), corresponding to that attaching
to 50 #g N.rubra-CWS or saline only (S, open columns) were
used as controls. The columns represent the mean of 3
experiments; bars, S.D.

11, 50:1 T PEC »FWEEMGERL R E T
BT ENRENT, ThERUMRHED saline, H 5\
1% squalene Bjify5.o PEC X FEO BEMIEGE
ML Z bR iahote, FREOFKEFRIL CBA ~ v A2\
ThEbNR, CoBEEMaEEE PEC 277 A5 v
7 F a2 GOSN PEC LR PEC 1245



1980« 11 A

509

Table 4. Cytolytic Activities of Spleen Cells and Lymph Node Cells .rom Mice Inject: d with

N. rubra-CWS

. | % Cytolysis
Effector cells T e?iné;*m i ; 2
) o101 50 : 1 | 10 : 1
Spleen cells Saline } LO£L5 | L5%0.3  10+12
Squalene I 2.7+¥0.3 | 20+0.6 | 1.8%1.0
N. rubra-CWS ; 4318 | 0703 | 1.8%I1
Lymph node cells Saline | 20£0.9 | 0.0£0.7 | 0.8+0.8
Squalene | 1.8+0.9 | 1.8%1.1 1.0%0.8
| ]

Norubra-CWS 1 2.8£0.9 1.7%0.3 1.0x1.1
Adberent PEC N.rubra-CWS | 24.0%2.5 | 18.2£2.0 | 6.0%2.3

0

FBL-3 Meth A CEM ]»
30 -

% Cytolysis

Fig. 8. The cytolytic activities of adherent PEC were
measured as a function of time after i.p. N. rubra-CWS
injection.

C57BL/6 mice were injected i.p. on day 0 with 50 pg N.rubra-
CWS (A). The adherent PEC were harvested from 1 to 21
days later and assayed with ['**I]IdUrd-labeled FBL-3 target
cells, The assays employed 10* target cells incubated with
10° effector adherent PEC for 24 hr. The adherent PEC taken
from the mice injected i.p. with squalene alone (@), corres-
ponding to that attaching to 50 pg N. 7ubra-CWS or saline
only (@) were used as controls. Each point represents the
mean of 3 experiments; bars, S.D.

BEL Tk D ks 0 2\ TEEMIafEE 2 lE L
75 Fig. 5 THAB, InbHEbhrick T
CWS iz ko CHEIhAEEMREEE=7 =7 2 —
figx PEC o 5 bolEEMIETH D & NS L
nrz, TOEN PEC IMERCRIEREYHE Lok
éfjh_ao'?ﬁ r7 7y —UTHD I EXTREENCH, FE

ZHEIZTOERY 17782 K, N. rubra-CWS
5ng % CBA ~ v AJGkpI#Es 5 BRI I L 7ok
1% PEC %41~ 7 » 7 7 — Ok L Fifk TAUEH, FBL
-8 1Zx3 % Ml BE L7z (Table 1), % o %
B, EM PEC oW EFMREEERIR~/s/ =7
> — CIME & AR TIRIT eIl L v, 2D
1THEME PEC M~ r7 » —OHERREETS =
BRI 5, ¥, HiEtE PEC %41 Thy 1.2 #ifk

EERT
A CAFEL Th £ OEBMaGEE IFE SRR

z, N. rubra-

N Ehs
7‘/7];::5!:

oo
tp{* v

N
=
Hj

o0
U
oo o
OO0
0% 0

o
o'

0
.

o
S
T

% Cytolysis
.
00 e’e’s

o
QOO0 0
DOOOOOO0
OOOO0 o

DOO00

S Sqg CWs S S Sq Cws

Fig. 9. Target cells lysed by N. rubra-CWS-induced
adherent PEC.

Adherent PEC were obtained from C57BL/6 mice 5 days after
injection of 50 pg N.rubra-CWS (CWS, dotted columns) i.p.
Cytolysis of the various target cells tested was measured in
a 24-hr [***I]1dUrd release assay at an effector-to-target cell
ratio of 100 : 1. Adherent PEC obtained from the mice injected
i. p. with squalene alone (Sq,hatched columns), corresponding
to that attaching to 50 #g N. rubra-CWS or saline only (S,
open columns) 5 days previously were used as controls. The
columns represent the mean of 3 experiments; bars, S.D.

CENBREEE PEC IWRELLET Y v Hi=7 = 2
—fifaCdh H TREMEILEE S iz (Table 2), Table 3
RiEN: PEC <2 » 7 » — o ORIREAEN I E
N ‘/f‘ﬂﬂbf:%&f@%%f% %, N.rubra-CWS
THB IS PEC oEEMaGEENY 7 7 F
Y OEWAKRIFEL 'C%‘%W—%fﬂ#?ﬂéhto IDT—2hbY
EEafgEEOMEYE PEC 3~ r7 » -2 TH b
ZENRB I NI, N.rubra-CWS o5&, L~ — b,
timing & #iEM: PEC o [EE MG EE OB A ki il
LT, S5 E T, 10pg BEAES THENRHHE
BOBEEErRZ LR, 50~100pg T T +—ETSHZ
LR hie (Fig. 6), 50— MizonwTit, EER
BETRLEUVIEEESR L SR, KTHRETIRGEL, #&
RNEE CREEbShieyore (Fig. 7), 7, K&
¥ PEC pfEg il ERE 2 N. rubra-CWS 50pg EIR
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PRG#%5 AN~ 27 T, FORITEIKEE 2R L7
(Fig. 8), Fig. 9 MEMMImC %, FfE, REOXE
SEalaR AT, Mtk PEC 1 X A #IaEER L g
L5 —2Thsb, C57BL/6 <7 AZ N. rubra-CWS
50pg EEEPEE LT 5 BEoMEY: PEC 1XF% FBL
-3, FfE Meth A, Bff CEM O &EGMI L TE
B7c Al ERE R S L7, Lo LEESHE PEG & fig
D, N.rubra-CWS JEREA#Y S~ v A DEMIFR T OV
v SEiT B G Sk A b h s o7 (Ta-

W B % BI1S
ble 4),

(4538 SEDEREREND, CWS 2ixsr7 57—
S OEBIE A EITIEE(LT 5 2 EAVRE R, ZDF
PEALEF T DL TR BTEREAED DT, Ttz
3, EEERGEREOERLERCEL T, CWS ITE
Bz~ v 7 v — ORIEELT A D TR T Y vo°
R SEATAER T OREAEZ N L CERELT 2 2 & 2RR
THMERE LR TV,

7. BCG £ HTHEINZ 7 A7 7— UkilROBREENDES

JeimE R SRR DT SERT

m B -

7. INVOLVEMENT OF THE MACROPHAGE-LIKE CELLS INDUCED BY
LIVE BCG INJECTION IN THE TUBERCULOUS SENSITIZATION

Kazuyuki KATO

Institute of Immunological Science, Hokkaido University

BCG AT FEEC A bh DRI b T,
BT a AV M iEER L O DI [EE DR FEIT
LANBRTVS, DX 5 CFRTHEET % BCG ik
SUIRBIE AR ERT DD TH B, ThCHEET2
fEx OMEOWE, HEERILRETRRANE 0,

B A VT RLRIER 7 SOES BCG A% H b Lo
Bt s o LT X o TIIHI S h s AR TER L, SO
S BG4 A it~ 7 v 7 7 — OROMIaTH S
ZEERPLMT LI, fEREYo, BCG AR
ETCE~ I R T 57— OHRRPPEC EBEEET H 2 &1
IRMBNIEETH DS, G H & e A TBIfR
Z b0 L BT 2 BIER RIS R Gk DR E & 28
%25& BCG IO THFHanb~ s r7 v — VHOM
Javc o TR NG & BIERERE xR Ty =Y
DI D AVEIBIET S D 2 TRICIREBEIRELS B
ha,

Lo BCG ABEMEC 1o CHE S h 2 BERIG
IO BEIC D\ TRICIER S Z & SBRF LT,

I. REHMHEFE

[#RA L <BHpis C3H/HeMS < AT, —ifid KB
Tlt C57BL/6 ~ & A% Fu iz, F—EBR T, B
iz THEK 6 ~108ID L DR AL, EIERG
DIz DREIEIC T K E NIH, Rocky Mountain Labora-
tory © Dr.Ribi X 75% 5177 BCG fijjais (CW)
% Ribi HOHEC IO TAPHF=~ LT avELT
< AM D 300pg POWEHMOE TICEME LI, EET
RERIEIE PPD 10pg % REERPNC IS, 24 BRI D

@A & A v — O CRHES 5 L TR, BCG
AELY — b VRS ~108 HOWIELZTD Z & <Kk
FEAD 2 ALY TFE D I X0 TERE, AAKIFEER
L, = v AN AR 108 2 EHE, EBRIZIOT
WER A B U, F xR & LT BCG EE D
e, Fofihcir ki, AfUKiFlE BCG A E%
100C, 30 ZflinzLic, BIERRIGE in vitro THEHT
FThidit< s v 7y — OUEERIERER (ML 7 A1)
B, C0F A MUBEREERIGD in vitro DR
BELInThbLDTHL, 20T A MTHAWDERER
Wiifa (PEC) 1k12% » 4 vy — 2K Sml #E
JERES 3 B HIZ o~V 2 AW TR LERSE LTz, BCGCW
< A PEC #EME D%, Sykes-Moor #ll 5 +
v 3 —C PPD 50pg/ml s X OFEGRIND 1525 fF 41
BN — 7 AR T, FR T 24RE] 5 2RI 77 A TR
BT EE AT, BAVEWT Bl U 7R A& JUE
L, MEDESE, Tiobb % HIERE L Tk PEC
o MI EER R LT, £z, BCG A£E#E~< v A PEC
D BCGCW &~ v 2D MI JEHEN DB Z A 51T
M PEC kb X 2EBREA UL oD MI EEZL HE
L7,

I EBRER

1) BCG BiLEC X 5 BCGCOW &(EELIIZ X
JEDIH
BCG Hks JOFEE & T h T iR L ERCH#E L,
3 %Iz BOGCOW % fr FIZi&(E, & 512 4 :8tkic PPD
2 X A REERIGE AR RIN 12/ L 7, BCG &
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HERTAE TR, IEERC REESOSHIHE S s,
fi, ZEERTAE CIREIRFRC B L CORIMHI A DR
7o, Elz, choo=w A0 PEC i@ouwT MIE#EE
A EEEIIE 1 OEMCR L X 51T, JEERTLER
WREE A E, ERERE,IME SR L MIEELHEE
LHFEIFT LI,

9) BCGCW Riff PEC o MI jE#zxt 4 % BCG

A~ v % PEC 4k E

BiER TR I hic BCG AHRTAE ~ v ATk 212
YER R BER I D% in vitro THEHTT % 7oadiz BCG-
CW RX({F 4 /8% D PEC & BCG 4B E 3 8% D PEC

live or killed BCG CW footpad test with
BCG ivorip 300 pg sc 10 ug of PPD
[ A )
-3 [ 4 waeks
) iv % 96,1/
Live o
BCG
8
10 ip 92.0

KAk

v IS8 76.4
Heat-killed | " R

BCG
s
10 ip o
Nontreated .
immune 675
control . )
0.5 10 mm MI
i
Difference of footpad thickness AcPlvEncyof
*%0.05 (P % 0.001< P *¥x005YPY0.02
Fig. 1. DTH responces in C3H mice sensitized with

BCG CW. C3H mice injected by the live or heat-killed
BCG iv, ip 3 weeks before the immunization with BCG
CW. Footpad thickness was measured four weeks after
the immunization with BCG CW. MI activity of PEC
was estimated by the per cent migration of the cells.

ND : not done
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LA ERRA L T MLEELZ AN, HRIIE 1CHL
sk 51z BCG AFEFE~v A PEC %fnx % 2 &iZ
IoTnZ MIE®EOHIEI A BRI, JMROER~ v
2 PEC & BCG FEEi##HE~ v 2~ PEC i %)
Hutfepots, = =T BCG A PEC Ofif &\
SFEHIC 1 DOBFTNE E03H B, Ll BCG 4K
#E PEC 3= 7 v 7 » — SHEERIFET (MIF) 2%
ZHE T To I, FREEEEL T BOGCW &(E
PEC oML RAER Sk, Hicdd BCGCW &EE
PEC oIS hicEHRic ShicDTih/ow
MmEWSZ ETHD, Lal, BCG AHEEE PEC X
BCGCW FfE~ v ADKIEHIR COBBRETHE bhic
MIF % &¥sEC L2 TlEESH BT IESH 7o D
T, Rkt Bt B - o W AR ER AT
LTXwEEbhd,

3) BCG 4wt PEC orhofitiiiiant:E

Wikt iz BCG AEHE PEC otz Ea
T HlaOWE YR L, ¥ 1, BCG AB#HE PEC
BTITAF Y I eV~ VICETHLEDEIEAFEDOL
D LT, FhFEnD BCGCW E&E PEC o MI &
st 5 WD A AR K 2 TH D, RICHD
WL BT AF v 7« Vv — VB O 230
BN B, WS, ZofNEEMIE Y +Fhi~y
= Ig 1D 5\ ik Antibrain-associated 0 [ CALE
L, B, THIFADIEE A EFELRNC EDEDD
biicas, T OHE L IHIRIRC R R RS IahoTe,
L EDkERELL, oMz~ fllit~s w7~
—OHEDLDTHDEEL DD,

4) I B ORI RS

BCG A E#HE 3, 12 & L 021 H# D PEC ©» BCGCW
JfF~ v A PECMIJEMEIIHIRN R 2 Ji-~7, #5TRIEK 3
DX 51 3 BHED L OITIFEIRIRL IR 2D, 128
PED b DT ESTRE I, Lo Tl &

Table 1. Inhibitory Effect of PEC from Live BCG-injected Mice on MI Activity
of PEC from BCG CW-immunized Mice
PEC from Mixed with PEC from MI activity
_ %
Mice2) immunized —_ 63.8*
subcutaneously with .
300g of oil-treated Normal mice 55. 6*
BCG CW Live BCG-injected mice? 124.1
Killed BCG-injected mice? 62. 7*
Live BCG-injected miceb? 85. 1**
Killed BCG-injected miceb? | 112.5

a) These mice were immunized 4 weeks before cell harvest.
b) These mice were injected intravenously with 10° live or heat-killed BCG 3 weeks before

cell harvest.
* $<0.001
#*0,1>p>0.05
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Table 2. Inhibitory Effect of Adherent PEC from Live BCG-injected Mice on
MI Activity of PEC from BCG CW-immunized Mice

PEC from Mixed with MI activity
%
Mice® immunized PEC from normal Mice 64.7*
;%B;‘{gtif;zoﬁ‘_stlr‘{e;gg‘ PEC from live BCGinjected miceb? 110.3
BCG CW Adherent PEC from live BCG-injected mice 115.7
Non-adherent PEC from live BCG-injected mice 73. 9**

a) These mice were immunized 4 weeks before cell harvest.
b) These mice were injected intravenously with 10° live BCG 3 weeks before cell harvest.

* p<0.001
**0.01<p<0.02

Table 3. Time Course of Development of Inhibitory Effect of PEC from Live
BCG-injected Mice on MI Activity of PEC from BCG CW-immunized

mice
PEC from Mixed with | MI activity
e . %
Mice?> immunized subzutaneously N-PEC 83. 7*
with 300ug of oil-treated
BCG CW 3d-L-BCG-PEC» 71.7*
12d-L-BCG-PEC» 112.1
21d-L-BCG-PECP 105. 6

a) These mice were immunized 4 weeks before cell harvest.
b) PEC from mice intravenously injected with live BCG 3, 12, 21 days before cell harvest,

respectively.
* 0.001<p<0.01

¢ BCG ##E12 A L MI iEMSEIEIMEA BT 5 o
EMBE BT DT,

5) IR H-2 barrier iz THE< 2

WilMMia EEARAE S FEETF H-2 2535
< A0 BCGCW J&fE PEC o MI EHIZLERT5
WEIERESEFTTHWE C3H/He =% 2% H-2 0%
5 C57BL/6 < v A% F\, WHEDOHAE TR,
BCGCW R&fE C57BL/6 PEC » MI jEE:% BCG A5
#HE C3 H/HePEC (3L 7o, % %oifiic C3H/He
@ MI jE % C57 BL/6 DIMElflas B o KT &2
Too T X Sl H-2 o barrier iz T{#
R EVHIBMTH B,

6) IEIzhEIZ }IE 3 Indomethacin D 2748

BCG A:FEE PEC o MI (%L Prostaglandin
DOFHiFITH S Indomethacin % 10-2pg/ml Hin+ 5
ZER I OoTHEBENT, ST D O RIC Prostagran-
din ORISERET S,

7) IR R E 3 Methotrexate D

BCG ABEHEF# 11 H, X016 Bz Methotrexate
15mg/kg 30 2 [AIERE S5 L, Z D 5 B#iIc BCGCW
TREEL 7o~ v A TILOEERRBERIE D #1 ] 23 metho-
wrexate THE L7 \WHIBD60% & CRIE TS 2 L2 R
Wi, TR in vitro THCH B E, BCG 4AH
#E PEC i b b MI JEM:EIG2S methotrexate 4L
B XTSI NS Eavbhiol,

8) BCG ABHEIC X % BIET B SUTHNH O 4552

1o

BCG AWHERTLEIC X 2TV A7 Y YINEJERER
TRBIERIRIG S Bl e il & s & Lalmbh, A4
HERIHIR RN LD TRV EXE LT I h
726

HE, BCG £EHEC IOCHESRSE~I/R T 7
— UM D KSR IE R SUGHIHIRY R % B DA L7eas,
L1, EERISIHOER THI~s 7 v~ LD
FREIBIET D & LI EME SRR ORI 3 5
FERHEA VP ERDBTHHD,



