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EHV] T xu—7~s 2 — LT,

(A 75 X:E K
TOE—F-)

!
vt ALl
DNA

=4

B PRF/ M NAXRG R~

human IL-6

poly A Promotor
Ra

pCMV (HThAHI L X

human

7o F L Tadi[Antigen85B],
ESAT6, fi4 D344 F#4 /, HSPES,
38kd, 18kd lipoprotein, Mtb-8.8, -9.9,
.32,-39, MDP1%, # 7%= b-, DNA-,
tBCG-7 2 F D TE L DBENE
ey ADKHEBRORTEEh TN
Bwe  F XL ZRE, Corixalf
%P5 P. Aldersonff+, S. Gillisfit-&
LU'S. Reeditit5id, TiBfaidiifns
PERTAERNRAETO U -
Y EBREPD, Lo dABRMIC
TTAEENLEREMRBRLE. 20K
RV, BhhERELEE TS
Mtb9.9A family ¥ £EOEGNFNR
{EFOIs0—= v FIZRDI LI L
¥ o F RRARIMGIIEA TS,
L LN, v ATIEBCGY 75
O YERDPIIERTIFLOEEY 2 F

O

. A
E1A, E1B deletion E3 deletion

(C) vyarE+r kBCG
TISAIN

“\a PNNz 4b AT 5 —

IJ:I‘Egé'T/F[ @ % j
}

BRETBRINIEE
(TIF2)

ryiEREHTH Ty, bhbhid
Hsp65DNA+IL-12DNAHEZ TBCG
ToF s DI00ERNLET 2 F DR
IZHIIL A (R@O)#n,
2.DNAZ O F>

bhbhid, OIL-12 DNA+Hsp65
DNAD7 #F v iZHRBRELETL,
gene guniFHICL W BCG L DT
Wik (91005 BTV T T
HHZEFHEMULE (EBERKE
HHW ABAT E DR (@)
{E1@4a). DNA D 2 F v OESULIL-12

(BRLEEELE) 24rhs (£0) (@),
DNAwZ+vom~2a2—r LT, Ogene gun @
plasmid @adenovirus vector QHV]-liposome @ELR

@ p35 5 X U'pd0 & CMV promotor T
BRICHALARRSS 23 FefERLE, 2612,
Hsp65 DNA 7 7 F  OEBHZEINL /2, Lowrie 6k
&5 WIHHIRD Hsp65 gene 5 ALV TV S OITHL, b
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HO FLVIERTZIF « BEEL - ABMTFILORR

mLWEBRDIF

DY Fa=yb I F

Mtb72f

BCGLhHMY (h=21440)
EHEE RS THIAMES
BEEE (H)

@DNAT 2 F .-

Hsp65 DNA+IL-12 DNA

BCG L HEh (= 92) 1004534 H

HVJ YK W = Li/Hsp65 DNA

BCG EhHZ (v )
% 7 — THIRGIEIERRE

IL-6RER{IEF IV F

(IL-6 DNA+IL-6R DNA+gp130 DNA)

FHi7 o+ - GRO s F

IFN-y BIAF 775 o

@YUaArEFLRBCGI Y F

(Ag85A+AgaSB+MPB51) UL EF Lk

BCG &b &R (7o R)
¥ 7 — THIRRSE M

AQBSBALEF -k, AgBSAILE S b

BCGEhHR (woR)

MDP1{ a7k

BCG LD HFH (v 22R)

HO IL-6BMGR{ET (DNANZ S D EIZT 0 F 9B

w33 51
O L-63ERIETFiZE

-

o

=]
T

an=-# (X108

i

© MEYEEEET (H37RV) 5 X 105
AR S L Balb/c=
Y2 (EERRETR) 2,
IL-6 BAABIRT (IL-6:8{=%
F+ILSVET I —AEF+
gpl30BETF) 277/ %4
LA S —ZHAL:
DNA7 2 ¥ ¥ s S
Lt EHERE%4OENE
IO NI
BELTIU = —MTHE
L7

BIEZTF (IL-6 gene*IL 6L £ 7 & —
gene*gpl30 gene) V2 F (EOB)
i3BCG Xy &Ll FRhiv o+
YEIRERLL (HO). IL-6EENE
FooFr3SHEIITs2 5 -TH
st - BREB XU T YA v A
{IL-2% L U'IFN-y) DEEENEGL
THEEDRERAL v, @7 F
IYANANRYS F—IZHALAIFN-y
DNA & BCG & 0 &3 ¥s8E - FBHY
ZFVRRETLEYSY, TheDD
Q@D 7 & F v HRiLF 7 —THEZR
Thififan LR EBT A Z &ick
STREINRBIENFEAOND,
Thby, BEAHL+r A YL
J774.1M ¢ 2 MRS L, OOR@D
7o F IRB SR A ¢ Balb/c
v RO E PPD R&EE Tin
vitro CHI L , effectorifiiad LTK
S XA, IFN-y DEETH 5 — G4 Al
ElLi TOER, vrF U BREES
—BHEEIREIHEAED o hsZ L%
ARG AL,

—7%, Huygen 6id, antigen85A®
DNAZSF &R, % 2 CHERRE

hbhide RSB HI37TRVEIRD Hsp65 gene 2
W, v RIL-12:8{EZFIIBRICv SV FDNAZ & F
(v 2XFN) LUTERVSHDITIAIFNSH
— &AL, @QHV]liposome 22 # — 2
7-384 Hsp65DNA B (HVI-liposome/Hsp65) T
BCG LD A HYTHIZ LAY ADRTHL M
U (KIRAZEESEMERT L OLFRZ) (£60).
BFF oA NZLy &~ (Ela, Elb, E3 region %%
BRI FSRITF /DAL N RS 2 —TIERIM
¥ - JEREOEh NS 7 —) AL IL6 B

BIEFEFE VLG, No.2 (2002)

By% 7 —THEE (CTL) MFEHXh5Z&%, BCGHR
BRSO ESRAR OB E LB b RII LS,
Z 612, Ag85A, Ag85B, Ag85C, MPB51DNA 7 4 +
YHRTIZAIFNs - EERL:. ZTh5DDNA
T FrENAEDETT 2 F VR ERITS.

B, ¥ 72y VUSFVERRLTED, Zh
LD TFiCIcEn T,

Corixaif%Eff Dr.Reed 513 72f fusion EH (Mtb39
Y EMtb32DfusionBER) DHFFAZy b IIFUAH
=2 4 %) {cynomolgus monkey, B¢ & kDI
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AN E T L Nature Med.1996) @ L~ L TBCG
L0 RIPICBILTH7 o F VR (EFE, I

th, 8, MOHE) 2RTIEABHoMILA,

k bDin vitro R T 1A F RO TRGE LR L,
b P AOHEEBAMR AV, &7 7 F Y ORREI
I (Reed L 6 & OLENRR).

$T 2=y b9 F O molecular medicine
2002 & 2E X hiziy,

3. YarEFrFBCGZIF

Yy v ¥y b BCG A+ 5 —THREEEEARER
T4+ 4 VBEFEBCGHIZEAF ZPNN2
Ly bR 2 - (KEBHOHEE) FAVThhb
Hu, BRI B, ARITREdE L 2R
R TERL . (ROC)

REEFHIZ300EL LOEAE ST EH, HFiibh
HhOHERAA G FILRER NI -
L 7«3 Antigen 85B & F D77 3V — (854, C) #t
HHTHD, 28573 /B 60407 I/ HOLY
FAARTF FAEFD, antigen 854, B, Ci37 1 o &
7 F v L OESTEIE P mycoly! transferase {EHEE ¥
D, FaE— & —{3 Mycobacterium avium® Ag85B
BIZT, Mycobacterium kansasii?) Ag85 Bi#ifET,
BCGOMPBSLBRFOEOERVAE, ZhoDEI(R
T%#PNN2 CKIRW—HBEE) @+ PA~o o —I12Hl
ARAABCGHEEIC, METHRALL, bhbh
I3 BA51 (Ag85A-+Ag85B+MPB51) W2 ¥t Y
FBCGIZBCG X EBNA T2 F Vv THBILEY
D Ri - vERIROR S LUKHBRORTHSIIIL
7. ¥ 5iZAntigen85B rBCG Y & F ./, 85A rBCG
7o FTHBCCRREDEBHLET 7 F Y RE
Fizeon Fi, BEEONASED TGRENILEH
i+ 5 DNAKAEAMDP1 (BHassiFiEd 858
LEN) 20-F¥5BET4BCGITHARAA
rBCG AF8IL, BCGHE LD LML T 7 F R
& f47-. IL-2 tBCG, IL-6 1BCG, IFN-y rBCG, HSP65

Infectious Disease

tBCG OfERIZEINL 7=,
. LIRS Sy v b ad
ARESTLH
1. F L MESRIRERERITET I
bibhh RIS TER L /2 SCID-PBL/hu
DR TREBE) Y BRESCID vy RicEF 4,
ESAT-6 M~ T# F A%zl , ESAT6IZ8 R4 b
F 7 —~THARARTEHNT, £HPL SR TT
Fh (b b EED I F R EFL) 2B LA
(i 4 )RR
2. BRI HICR TOHLWERT 77
Bifihtton—2L LT, bhbhdHV]-
liposome/HSPESDNA+IL-12DNA (# =% /LT
FAREHE) MAETehs. 4, BEGHETF iR
HMOMEAL LT M7 7 7 F 18 ok, FED

- fAlphase IstudyMif@iEhTna, bhbhid

Mtb72f DNA # BCG F 7-iZ HV}-liposome |41 454
&, BHTHROUET 2 F UV HAREBEHLTWASN,

SOOI

hhvbhiz Iz BT 5+ 5 —TORWEMHET S
H{O% granulysin EV 3R FTo0ALDDHD, -,
BCG 7 #+ v & 8id a2 IhBOg i LW
BvoFy (DNAVSZFY, J2XEFY FBCGY
FV) ERELE:. BREALENEELS,

BEOEHBEROI%ORN - BELT->TH
%, ErAks - SERATS4MEAR AR L | ElLAEE -
FEREFTIFIRES 2w b 7 — 2 A FVBHOB LV TR -
EEEEORE A 2EHIER CITI3HETH 5. YEILHR
FEFTILEE P RPN SRS (SHER B Y) ¥ .
a Tty E-THB,

BREASDHFAGL, EEXLE BEE, AR
Hhigt, XEASATRET, KEWFTAAEEEE
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+, WAERAFEREL, CorixaffRAReed i@t
5L OREEE. FARHENRRS T - HERER
RNEX MEEFS-TI 2Bk Va2 EF Y}
BCG-+ DNA- 72 F v OBIRIZEBAHLOT - 8
Wy - W] (EH¥E) AR oY s OXEE
7. F-HRAARS OLERRFERKMR Ly 5 —
H# -t RAOF4 (Fha b7, HAmE
¥, FkenicT, #F nE, ST, BOEM, B
AFE) IEMHLET.
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60(1942) 4 &

%Ln%&7ﬁ%y

W H £ &8

B 5]

FMZIIERERORETSHY, BCGC LD IHBMNL T 7+ DREINEINT
Vh, FEEET S F IR DNA TS5y, 722y hOsFrBLUY aYEF
> b} BCG (rBCG) WoFritkplah, “hEBE# LA 412 BCG 7o+ k
DHIREZDICUNKORCIH LT 2 F 2 L7, 412 HSP65 DNA +
IL-12 DNA U7 F  3BOTHENDLEMFY 7 F R LR L. ORI,
HEBIIH T35 - THIROSILFEL AL TRIFShA I EZHLHMICL. T
7z, rBCG 7 7 ¥ » TiZ r (Antigen 8B + 85A + MPB51) BCG #3317 FRizhE %
AL SHIT2ABMES YN HIE, B MOEWHEERETFLOI =24 ¥ LT
BCG XD {322 BNLTFHMREE, BROLBEREMISIY (1~2480K) 7
TFBREIN. LIV ENLTFHI 7 F B USATHESRICE SRS
M7 F % MBETRL, LB DNA T2 FYBEU T2 BCGC 727 F &9 BL
Uk 4 2 HERICRERT TR L s b b AERPESSRERTFE 5L SCID-PBL/hu T

RIR T - 57% - 9 %

MR Thb.

Lo ic

FHGE, WELRCHROADD 1/3 2%
¥ W (Mycobacterium tuberculosis) DF%e
BRI, ZOHRILEE 800 TADKILE
FEHUFEEL, 200 FAMVBEEETEELT
W5, HREKOBREED1DTHL™,
FHTH 4 FRiH HEBREOWINAGEE
b, 1999 4F [#EREFHETS | WEAL

t REDEHRRRT T S RARE FEIKT e 4 —
¥—TJ—KIDNATYF,
Iy b IF L,
Va.¥Fr bk BCGC2F 2,
FI—VHMR, v MERIKGH

A OChEE) oItz 1998 4F, RER
FixstHt > ¥ — (CDC) &, ERAF, ¥4tk
M, ¥R E ko THHROERT 25
YERMETAHLEMN M FERTLREERLI
L7z, 37, #BERSEZES (ACET)
BERORBIZH T2 K THh L &R
DzHITiX, BCG ibaH 725~
BLETHDLIEERLA. 1998 21,
Cole H#% [Naturel iZ& & E H37Rv
v AERERNEREL, #EFLALT
MEEREERITLIBZ LIk -2%, &
HiZ, 7 VHEBERS BCG, M4 0N
7 DNA FEfrase sho2o3 5 (2002 4,
#% 4 Al World Congress on Tuberculosis) .
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E1 Higsgensvonir—3, AMN-THRB, ¥>-T#HR

ryk2ln

e

BERE

¥

AT

‘,/”’/”

=44

TNFx
IL-1

TGFS
IL-10

IL-2 IFNy

/
N\

Mgttt
iINOS 35

iL-18 IL-12
) —

Tho #1332,
Mg i=om77—%

OB - Bko [T ovGE] &)

LA L%&d6, BCG b a# 7 77
YRBRKTOLEIREHIZIRE > Ty,
P4 id BCG XN vixAaNIcmbigHL it
Fazy b Fy, DNADIF Y2
¥+ b BCG 77FORBIIHKIIL
o, RETIEER A DR Rz B,
FLWEMT 7 F Y RBEOBRIKIC>WTIRE
A5, FlFgsR YA ALY, FF-T
e, GinHERETREMELTED, I
LASEIILT, AR ENS VI
BB 55X T — THROEERIIIZOW
Tk,

Lo

SRR

(Pt S

LR

ARSI 2 RN, 707 7 —
Y, CD4' THIR, NK #iHe, y/8 Tifg,
35— THif (CD8' THifsx CD3" Tl
BIUAFHEEROREHNLENNITHS
(E1).

— 604

1. ¥5—THa (CD8" TAf2)

CD8 fifzFHrbvid g w4 r7ura7y)
YRIZTFR TAP 85 F /v o277 bR
T, WEEREI T TR, w7 AWK
tta, vhbb, HHEICEBTS CD8TH
i~y A CHEZAREICEETH S (I
2).

&, CD8' THifaA M EERL A~ s
o7 7—3Y% Fas REFHE, FRAGTED
B TEI L, BERMICEMBERLIRT L
ARG SN T BEYY,

0% 75— THBOEHAD S /87 [T
%% granulysin (&, EiFMESOKERE
B, COBRFIEMEEREETREE LK
Wi+ A2 kX5, granulysin (398 5
W, AE, SthofsErRISEDL. 36
fo—7 ) v eDRETFTTYIOT T
HOBEHLETEZZO6RTVA. Jhid
N—FrYvickhvru7r—YHBE



62(1944) B &%

2 %35 — TSN & MG ERE

RARIR: - 572 - 945

SIE
[£3]
23]
*S-TiBOSE
om iL-2
L l o
| : PR
= — T Bii H = _ ad ] ‘ 43 5
*5-Tmsamn | 1 Ny V7 Tﬂmﬂj?{uz DB R
IL—1,7,12,13, 15 F5 1 LA B

BR3E [ B KD [ HORGIE] £

RABE, w7077 —JNOBEHICILIE
granulysin 2Efi$ A EtELZLNE. &
D X 32, granulysin 13 H0 5L PR AR &)
TAHRBIIEENSTAILALIEL -
7z.

K41, SEE, FCSHHESEEES
Fh§m) »,%3k (PBL) Tid, ¥7—T#ik
@ granulysin mRNA ORBIET L TWS
ZEERIGHIILAY. Sl kb,
* 7 —THIR? granulysin EARKTHEZH]
HHEERRIEL KELHEXH IO TRV
PEEZTHEY,

JARZEXRS EEE L, AKBENE, A
Mg o LR ELTY, ¥7— THMK
@ TNF B#E 7R b~ AFEHY S F
(TRAIL) &/8—7 %) YA REICE
HETHDHIEZRTRRREVER L[,

MAERIZHFEEL, BCG KHEEL W
ESAT-6 ME 23345 % 5 —-THIK T,
HLA-A2 &3 82~90 i 9 DT I /B
AMASTEGNV, HLA-B52 &3 69~76 &
@ LQNLARTI 236 L TH* 7 — THlaH
N ERETAS. fheid, HRIZERIT
BESZ L7z v MERPEE IR ERITE T L
SCID-PBL/hu (22 @ ESAT-6 R7F F#%
5L, ThIZSRMT HLA-A2 03t

RTE S —-THRRZEKRATETTLZ
ELZHTHEIILA"™ (K3).

2. 5 -THREMEEY T FHT 2 (%
Z—T#HESEAT)

4L, CD8 55— THIREOFEIZiZA
W2i—THIML (Th #il) 2»6EEINL Y
AN YHBUETHLIEXMWOTHL
i2L7z. MHC 75 R IR EEELF 5 —
THika LA F 2 EA$ 25 Th ML CD4*
CD8" THh, MHC 7S A THEFHE L
7 - THRTILEFEEAT S Th i
CD8 Thad. T, T/ 70—F N IL-2
MkERWT, IL-2 ¥ 5 —THMEEIC
PIRLRATD1DTHD I L 2RLI™ (K
2).

EHI, -2 ERRLEDZHA P HA D
THIRMEBFRICLETHII L7, F5—
THRSEBFEEET L FTHBRNL T
D F—=, BXU IL-2 &Kk b Th #ify
sO— et FUTRENTTHEY L, S A2
Lic. TOBFToR, 11-6, IFNy A%
7—THIRGEERTFE L THEALF S — TH
b Z2F BT 52 L FH O ML 29w,
K23 IL-6 X5 —-THRFELENEN S
fLEEBVAERST AT LR HHL ™ (M 2).
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EMEFS—THERD nvivollEiT 558

SCID ¥77 A

m BREANTFF L EA
F

J {ESAT-6) ,‘
KM

t
1) L INEH

IL-6 BLE&IEF
(FF/o4 A
N7 &-)

Ehk

ESAT-6 (L RO0%
e rES-THR

Ellingrd A
RTS8
2R

BEZE D BAD (4] O8] 21T

ZHIHMEEE RS PBL I2BWT, oD
F7—THRMERF+44bb IL-2, IFNy,
IL-6 OFHLET 2R DO, F /2,
purified protein derivative (PPD) tZ4F5L09
e P EFS—THROFEELAFEY L.
RIGE UGS EE T, PPD fFE0F
7= THROTLEEDE L WETEH L2
(AR I Ancliii

3. YA MAT L EREBRE

FASHRIEC IFNy HEETH LI L,
TIADRTHAIHEI SN TS, b
IZBWTH, IFNy SEREEFIIEENR
GRIERE IFNy REERAERTE, BCG
70 F SEFHITEREESERRENEDL LN
720, M avium B hk L. T AL
BWwThH, IFNy HEF /v o727 FT7 A
% IFNy 8% 8IEF/ v 7T 7 b7 AT
VSR TH D, _
LAM {Z TNFa OiEWFHFHEEHIEDH 6
h, 22— K772 #%— (trehalose dimyco-
late : TDM) %38< TNFa ZFEL, =7
Awrua77—YE® CDId] OREREFL
L7:*, TNFa (ZPFREEE DA TR (1B
DEYREEBICELETHD, L TNFa i1

kx5~ 7 A% TNFa %%k (TNF-Rp55)
I Ty b ATIIEEREOEEE
HMERL, AFEEERLBLYbR-EEDOM
HEOREGYR L, B, BHEmY o<
F BE DB TNFe VA2 ERT 5 24,
WIEH  EAEEEBE RS &R L, &
HIZ IL6 MET/ v T 7T TATHE
EREOBEZELAY, IFNy OEAFE
ORBARLRN, IL6 b0 77—V D
ERER X~ THRMEE AL THEN LR
MM GIEIIHAS LTwATEEEL H B

IL-12 S8R, v 7T b= A% IL-12
RIABH T, BEEHRSE - HE2WHT
Xphot. Thbb, IL-12 btk
EELRY A PAATHLIIENTREN
7. Fh, Var¥+ b IL-12 OS5I
T BALB/c =7 A DA IEA N L,
[L-12 OESF BN TR E £ 40,

4, 77—, ANLN—THEE (Thi
A2, Th2 #BE3), BIXBLSROER
BRIG

TN b DI EIEBERIL TR & B8,
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"1 FLVEETIF

BERTDE T - 5T - 90}

j. Y7y b2 TF
Mb72f RAE R/ 7E
A5B-ESAT-6 A& Z 1N 7H

FLVCEEES AV ERE Mib32, Mb39
* Dit

2. DNAD V¥

3. YarE+ FBCGTIF
Mtb72f B {5F

5 — THEASZEZEZ N 7EHRT
4. BHLEZHE

5. ¥7-THREEA

ot (Ag85B), Ag85A, MPB51, ESAT-6, Hsp65
JALEFL FHA FHA S (FNy & &) BBA - 25

Hsp65 DNA, IL-12 §{3F, Hsp70 DNA, ESAT—6 DNA, IL-6fi{5F.

IL—6 B{=F+ IL-6R \IZF+ gp130 I+, IFNyE{EF, Mb72f &=, IL-15 8{EF.
IL-18 #HZF, M—CSF®{EF. 38kD DNA, #7— THIRFBHZZES /17 BRERET,
CD40L #{=F, MPT64 DNA, MPT63 DNA, Kat GDNA, LitO#LuEizm@ e 3o BiIEE{EF

AgB5A BIEF. Ag858ifIRF, Ag85C &IEF. MPB51 BIEF, MDP-1B{EF, HSP65 BIEF
IL-6 #f=F, IFNyBETF, IL-2\EF, IL-12 §i{&F. IL-18 &IEF

B LA ER SHEICHIZREMMDNABA L, OV 7F
BEIEYAFUTHIEZREREDNABA L, 8OV 7F

BEEE @ A KO [ OuEl] B

Tl

5. Toll-like receptor &~ 707 7— UiEtE
it

w3 R 8 h7: Toll-like receptor (TLR)
77 I —HAKRIZE (innate immunity)
DEELFEHEFPRAZL TP, BRREO
HkaeE (LAM, mAGP, total lipid) (x4
BIGHIE TLR2 A9 5. — K4, #MEAER
X ABURIZIE TLR2 & TLR4 HLFET
HbH. mMEHOKBEEEkRD< Y/ ik
LAM (Man LAM) 2~2a77— V%%
AL L %28, JERBEHOREEEIZ R 218
BETHAETIE 757 ML LAM (Ara
LAM) £h#&bh, Zhit TLR2 #/rLT=
07 7Yt TS. COEFRRED
EELDLUREDH D, HEBEKRES 19D
DYRE D, TLIRZ #HLTvr 0
77—V ERERIAET A" £, NER
DNA 26 RwW/iEEh: CpG £F—7 (2%
)2 Fo— AR IZEEPL R RE T Bk
T5IEARERTWA, CpG ZHEMKIC

#945H TLRY #HFERLICL - TIro—= >
raniz?,

FLWEERT 25

B 7503 Q7= y b rF
Y, @DNA 97F¥, @ VIar¥Frt
BCG 7 7% » (Gt #EmEr &), £0
e ABlahs (F|1).

DNA 92 F > 0Oxy 7 -k LTk, ©
BEFE, @ 75A3IF, @ 7F/ 940
AN E—, @ HV] VEV—L, O KR
#HV] 2RO —7xR7 ¥ —%itBbhTh
. a¥ilii (Ag85B), ESAT-6,
HEro% 4 A4, HSP65, 38kD,
Mtb32, Mtb39, MDP1 % ¥iZ2WwT, %7
2zy k7sFy, DNA 745>, Vay
¥+ BCG U FDRTE DI E
F, BT ADERBEORTLINRTY

Z} k2 H

5 691 22232 171
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HLOBERT7F

1. 473y b7 F-
Mtp72t

2. DNAZ 7 F
Hsp65 DNA+IL-12 DNA
HVJ R — L HspG5 DNA

IL—6 BhEEEFI 7 F -
{IL—& DNA+IL-B6R DNA+gp130)
IFNy Bz F7 75

3. YAEFEBCGIIF
(AgB5A+AgE5B+MPBS1) Y EF b
- Ag8SB U aLEFL b, AgBSA VU ALEF b
MDP1 DX+ b
4. b REFARET 7 FEREF L

SCID-PBUhu {2 ESAT-6 /R & i34t

BCG & HER (A= 14)
SR EIEALEE T S HEE
HEEE ()

BCG £HHER (v7X) 100f5% N
BCG £WER (77X)

%5 — T I g
FEEIIF L BETIF

BCG LHES (¥3X)
x5 — T HREEEE
BCG £HUEM (FUX)
BCG &£ HE (v7X)

ESAT—6 347 5 & 45— T fEkatt

BEE %k [§HoREE] 217

Reed i+ 513, THlaRHRELSHET
L% B HEFOs 0 —Z YT %,
BB RANIITA D EMIN e B &
L7, ZOFREM, bRt
FM4 B Mth99A 773U —L &, £HO
e EMBEEERFOrO— 2y ST
L, il 7 F Y REIREMIGEA
Tuwb.

L LdowT AT, BCG Do Fr
TAEANMIBETIH LT 2 F U idm
DT, 413 HSP65 DNA +IL-12
DNA FEio7 2+ 42T, BCG 72 F®
100 {&8a 7 2 F » OEFIIHIIL L0
(F2). —%, RS LEEA, KEH
613, FI— TMRFENIEHES v 2]
HESRETRY A P# 4 Y@8ET% BCG W
WHEAT A PNN2 ¥ P AXZ ¥ — (Kis
WolfEE) 2HWT, Vary¥dr
BCG 77 F»%#EHLTWS., TOHEIE
BCG HHEIZ7 V2,8 MMEADMSH, BCG
Ry y—L L TOHELFERTVD.

BUAZy b TF

Reed i+ 51, Mth72f &5 7 H
(Mtb39 & Mtb32 OFE& S 20 K) OHF 7
2=y b FUH, AZTALFEL b
F DRI VET N, Nat Med 2: 430,
1996 #HE) T BCG X 0 i35 »iZiI1%
TR 7 F xR (S, ik, RE, B
DHER) FRTETWHL IS LA (F
3). 4k b in vitro 7 TH Mtb72f
Ay v BERCTRIBEEN ST 2
ZE#EIRL, & bAOBEREA D RS EVES
¥ FrORBIIEIILY (Reed 116
EORRBNE). FOEPICHELADEEE
F Ry BRESRT O 9—= 2 LY
L, ¥72=v +I7F > (Mth72f, 39, 32,
84, 11, 41, 99, 16, 40, 31f, 71f) T in vitro
gL 2 A, SHRIMESEBED THR
aEREAUEM L 22Y (F2).

F 70, SHIEEFSALEEC IFNy B AMRE
4TV, S MMb oS AEEERE oK
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K3 HZIVAHNICETD Mb72iGes 2828 T2y b+

TI7F AL BHBILHE

. FEE e e
T oF (h= 7 A FNETITE | $53)
BCG 77 %> 0% (0/4)
M7 SR I ET T+ 100% (2/3)
MIbB.4 % IR0 ETI o F 2 0% (0/3)

BREE . &Ko [ HoREGE]D Bl

EROTVE. LALEHS, [Ny 5%
FIET B & HUS RIS A e rh 2 22
LY (AR

DNA T F >

X 413 1L-12 DNA + Hsp65 DNA #7 Z
FOVHEBRELFL, {ETHERVLES
ZFE5 T BCG WO THhA (B
100 £5) M FHI 2 F 0 THLIE LS
ML (BEERAY SBELEORA
BF5E) (% 2). IL-12 @ p35 B LU pd0 #
CMV 70E—%—-TFHIBIZHEALLERT
FAIFRBRLA. 8602, b FPRIKEBH
H37Rv H¥ Hsp65 DNA 7 7 F ¥ OERIC
I L 7:.

HV}) VRV =A%~ 7 —ZBWIE,
Hsp65 DNA Bk (HV] YKy — 2 /Hsp6s)
T BCG INLAMTHAIELEETTADR
TH LML (RKEERYEST £HEL
L OMERZE) (K2). T/, %R Hspbs
Do ¥+y+ BCG T#HIEIEHEL, HV]
)RV — 4 /Hsp65 DNA THBIRE % it
% priming-booster AL O HFHTHAHZ
EEFHLMZL

TFHF/94ANVARY %~ (Ela, Elb, E3
W Z KPS P 5BTF /74 VAR
7 ¥ —T, FEEmE - FERE I ENL S
—) ZHBALA IL-6 BEGEEF (IL-6 38
&1 +IL-6 “SHBBEF + gpl30 E{E1)
77 F R, BCG Ly bR ALEE - T

Ty FUHREAERLA (HM4). 1L-6 B
ZFI77F 243, MERICHT RS- TM
ot - FHEBLY Thl %4 bH 4 v
(IL-2 BX U IFNy) OEAZEL 2N LTI
FHHREBELL (FS).

T/ A NWANRY F— A L7 IFNy
DNA &, BCG LY b3kt - Tl
2 F R AR LA,

UE4-o07 25583, #5—THR
% Thl Mo sfbifEMmT 52 &z
LoTRBENEIEIRSNSY, F L
HoHE, BEREHETARLS S 7741 <7
7 r—IJEERMREL, 775k E
MRS 7 BALB/c ¥ ADMHIRL %
PPD R #¥W T in vitro THHML, x
7x 78—l LTRSS, IFNy O
ETHFT—IHEERELL. TR, 72
FUBREXT—IEMERELAMAED 5
nAaZ ERHLMILT.

—7J7 Huygen Hit, Ag85A @ DNA 7%
Frefv, =0 XA THRSRGY S — T
KIAHEEEhD I &%, BCG RELE%ED
PRI O NA Z E &Sz L,

DAILEFLFBCGTIF

FiAEE 300 ML ED & 8y B A i
TBH, FICkAORFHRE Th 5 LA
TN ro—=ry L o E
Ag85B L EMD7 7 1) — (Ag85A, Ag85C)
BHNTHAH, Ag85B Id 285 7 3 /syt
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BAEE 1 B KO () OWIE] B

o, 0TI/ BMOYTFARTFFE
Hor.

Ag8s MHaYyKR—=F e a—FTH#
{£F (fbpA, fbpB, fbpC) & MPB51 #Ia—
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Muwis, J7aE—4%—ii M avium @ Ag85B
B{ESF, M. kansasii @ Ag85B ftfa+, BCG
@ MPB51 #{EZFOLDEHWE Thbd
B{EF% PNN2 v hRZ ¥ — (KIGH
O FEEE) IC#lARA, BCG BRI IZH
(ZF#EALM. FE4 i, BAS] (Ag8SA +
Ag85B + MPB51) rBCG #* BCG & 0 437
LI FrTHLIEE, FRERORD
FUREEENRTHLMILL., 6
Ag85B rBCG 7 7+, Ag85A rBCG 77
F % MDP1 BCG 727 FTb, BCG ¥E
HELOLEALT I F R
F 7, EEEOWMEIRED TRV & 2
+ 5 DNA #£4 % 782 % MDP1 (#3%%7%E
PilsitEd Ag8SB L 0ihv) Ra—-FT 58

=¥ % BCG IZ#lAAAT BCG %R L,
BCGC HRE LW OMENLT 7 F kel
7z, Bbimk, Y=y b F YT,
HANDOURVTHEALFHESFONL
Mth72f &% /37 80 DNA #H AL
72f Va2 ¥+ BCG OERICKRII L.
= 72f rBCG i, BAS5L rBCG & RHIEFED
WO TN TSRS IFNy E4
THIRBOWEXHFEET B2 & %, Elispot
Assay THOLHRIZ L7

F LU MERRARR AR E T

SCID-PBU/hu (b REMT 7 F B3k
EFILY DR

AP RIZEFFTTHRREL AL SCID-
PBL/hu @R T, #iEHREY »/38k% SCID
TY AL S, BEES o HICESR
ek b &7 — THBSFELRY, BHO%
kR FRIERITETL (B PEMT 7T
VRRERTE L) ERRELAY (03).
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5 IL-6BEBEFFEALLERBRTIIBARICE TS5 7 - THR

DEYE (IFNyDEE)

n IFNy (pg/m)
A B o 1 3 4 (X107
PPD (20ug) i
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AR ConA (5uq) ]
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PPD : purified protein derivative, M. tu @ £i4%EH
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(FItH, Reed 1§+, Tan {#t6, =24
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»2327 % (Andersen {1 6) FETHLN L.
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(2002 %, %5 4 9l World Congress on Tu-
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HSP65 DNA + IL-12 DNA, 72f @& % >3
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Brief Communication

IFN-y overcomes low responsiveness of myeloid dendritic cells to CpG
DNA

MASATO UCHIJIMA, TOSHI NAGATA, TAIKI AOSHI and YUKIO KOIDE

Department of Microbiology and Immunology, Hamamatsu University School of Medicine, Hamamatsu, Japan

Summary Dendritic cells (DC) are professional APC that have an extraordinary capacity to prime naive T cells. It
has been reported that human DC subsets express distinct toll-like receptor (TLR), which influences their function.
In mice, we observed that plasmocytoid DC (pDC) express a higher level of TLR9 compared with myeloid DC
(mDC) cultured with GM-CSF. However, we demonstrated that stimulation with IFN-y is capable of upregulating
TLR9 expression in mDC to a level comparable with expression in pDC. Consistent with this observation, IL-12 p40
and IL-6 mRNA expression and IL-12 p70 secretion in response to CpG-oligodeoxynucleotides are enhanced in
mDC pretreated with IFN-y compared with untreated cells. Therefore, TLR-mediated responses of DC subsets may
be influenced not only by signals delivered by pathogens but also by regulatory signals from cytokines such as IFN-y.

Key words: CpG-oligodeoxynucleotide, IFN-y, myeloid dendritic cell, plasmacytoid dendritic cell, toll-like receptor 9.

Introduction

Dendritic cells (DC) have a pivotal role in the interplay
between the innate and adaptive immune responses against
pathogens and tumours. They are a unique group of bone
marrow-derived leucocytes that are specialized for uptake,
transport, processing and presentation of antigen to T cells.!
Although triggering of T cells into cell cycle progression is a
central function of DC, it has also been suggested that DC
subsets can influence the subsequent development of these
dividing T ¢ells, In humans, CD40 ligand-activated monocyte-
derived DC, but not plasmacytoid DC (pDC) produced a
large amount of IL-12 and induced Thl rather than Th2
responses.? In mice, pDC (CD1l1c* CD11b- B220*) induced
Th! cells and myeloid DC (mDC) (CD11¢* CDLIb* B220Y)
jnduced Th2 cells when activated with CpG-DNA; however,
both DC subsets have been shown to induce flexibly Thl and
Th2 cell development depending on antigen dose and differ-
ential toll-like receptor (TLR) ligation.? It has been reported
that a given DC subset can induce cither a Thl or a Th2
response depending on the type of stimulation and pathogen.*;
Therefore, it seems likely that these DC subsets themselves
may not have intrinsic capacity to direct either Th] dﬁf{’hl .
cell development, ST s

Recognition of the pathogen-associated g_mléé’ulai' patterns
involves members of the TLR family.’-If Tannali§; XT'TLR
have been identified, and distinct m‘sﬁs_se;gg:-éﬁprégs differ-
ent TLR.5? For example, mDG‘fg_)_giJ‘;‘Esss ‘-‘!;I..RZI and TLR4
whereas pDC express Tmﬁgna‘mﬁg;*indicating that dis-
tinct DC subsets respond’fo distin¢t microbial products.? In
mice, pDC expres,s'i‘,{d'ii’ levils of TLR2, TLR3 and TLR4, and -
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high levels of TLR7 and TLR9.* In contrast, mDC express
high levels of TLR4 and low levels of TLRS.* Bacterial CpG
DNA and CpG-oligodeoxynucleotides (ODN) have been
shown to stimulate mammalian immune cells through TLR9."
Therefore, pBC produce type I IFN, IL-6 and 1L-12 p70 when
activated with TLR9 ligand CpG.? In contrast, LPS stiprstates
mDC to produce IL-12 p70.} R

In this study, we showed that IFN-y signifigafitly’ increases
TLR9 expression in mDC and thereby overcomies lowirespon-
siveness to CpG DNA. AT R G

Mice

Rt
Female BALB/c mice (Japan SLC, Hamamatsu, Japan) were kept
undcrfpé&\ijic f}%pgen—free conditions and were fed autoclaved food
aq@?ﬁ'a{c}r ‘éd'}xl‘q’ltum at the Institute for Experimental Animals of the
Ha?{:}z}:ﬁﬁ@g}ﬁiﬁ@ersity School of Medicine. Two-month-old female
mice’Wwert used in all experiments. All animal experiments were

ptrfoﬁhcd according to the Guidelines for Animal Experimentation,

Generation of bone marrow-derived mDC and pDC

Bone marrow-derived CD11¢* CD11b* B220- mDC were generated
as described previously." In brief, bone marrow cells were isolated
by flushing femurs with culture medium and red blood cells were
lysed using 0.83% ammonium chloride. The cells (1 x 105} were
placed in 12-well plates in 2 mL medium with 10 ng/mL GM-CSF
and 10 ng/mL IL-4 (Pepro Tech EC, London, UK). The cultures were
fed every 2 days by gently swirling the plates, aspirating the medium
and adding fresh medium back. At day six, non-adherent cells were
collected and resuspended in fresh medium and cultured for an
additional 1 day in 12-well plates. CD11¢* CD11b- B220* pDC were
generated by culturing bone marrow cells in culture medium contain-
ing 100 ng/mL Flt3 ligand (R & D Systems, Minneapolis, MN, USA)
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for 10 days at 2 x 106 cells in 12-well plates in a volume of 2 mL. At
day five, 1 mL medium was replaced by 1 mL fresh medium contain-
ing FIt3 ligand."? The purity afler culture was always >85%.,

CpG-ODN

Lipopolysaccharide-free phosphorothioate oligodeoxynucteotides (BEX,
Tokyo, Japan) were used in all experiments. The nucleotide sequence of
CpG-ODN used in this study is 5~ TGACTGTGAACGTTCGAGATGA-3
{underlining indicates the immunostimulatory DNA sequence).

Preparation of total RNA and semiquantitative RT-PCR

Reverse transcriptase (RT)-PCR was performed as described previ-
ously," The sequences of the primers used in this study are as
follows: TLRY forward, 5~ TGTTGCATAAGGCACAGAGC-¥; TLR9
reverse, 3'-CCTGAGCTATTCTGCTGTAGG-3; IL-12 p40 forward,
5-GGGACATCATCAAACCAGACC-3'; IL-12 pd0 reverse,
§5-CCCAACCAAGCAGAATGCAGC-3; IL-6 forward, 5'-TATGA-
AGTTCCTGTGTGCAA-3'; IL-6 reverse, 5'-CTTTGTATCTCTGG-
AAGTTT-3"; G3PDH forward, 5'-ACCACAGTCCATGCCATCAC-3";
and G3PDH reverse, 5'-TCCACCACCCTGTTGCTGTA-3'.

Real-time quantitative RT-PCR

One pL of total RNA from each sample was used for ¢cDNA
synthesis. Nineteen uL of LightCycler mastermix (Fast Start DNA
master SYBR Green I, Roche Diagnostics, Bascl, Switzerland) was
filled in the glass capillaries and ! pL ¢DNA was added as a
template. Real-time quantitative PCR was performed using a Light-
Cycler rapid thermal cycler (Roche Diagnostics). The manufacturer's
LightCycler experimental run protoco! was used.

Western blotting

Bone marrow-derived mDC and pDC were stimulated with 5 ng/mL
IFN-y for 12 h. After stimulation, cells were harvested and resus-
pended in lysis buffer. Protein concentrations were measured by Bio-
Rad Protein Assay Kit (Bio-Rad, Hercules, CA, USA). Equal amounts
of protein were loaded in each lane and separated by SDS-PAGE.
Gels were transferred onto Hybond-P membranes (Amersham,
Piscataway, NJ, USA} and blotted with antimouse TLR9 antibody
(IMGENEX, San Diego, CA, USA).

ELISA .7

L
ELISA was performed as described previously.™ To measure ll'll,-lz
concentration, antimurine iL-12 p70 mAb (PharMmgm- 'Saf¥’ Jose
CA, USA) and anl:munne 1-12 p40!p70 (PharMmgen} wd‘e used as

Results and discussion
First, we investigated the- fevel ef]FN—y expression in murine
bone marrow-derived. i'nDC moompanson with that in pDC.
As shown in Flgure lab;, both semiquantitative RT-PCR and
real-time, quantl(au\[c RT-PCR analyses revealed that TLR9
mRNA was faiptly expressed in mDC. In marked contrast to
mDC, ,'ILRS! mRNA was highly expressed in pDC. This
observanon agrees well with a published report of murine DC
subse‘!s with respect to TLR expression.’ To investigate the
effect of IFN-y on expression of TLR? mRNA in subsets
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anui'e L.; Uprcgulatlon of toll-like receptor (TLR)% expression

=5in myc[otd and plasmacytoid dendritic cells (mDC, pDC) by IFN-y.
g fﬁ) DC were stimulated with IFN-y (5 ng/mL) for 6 h and total

RNA was isolated for first strand cDNA synthesis. Then, semi-
quaniitative reverse transcriptase (RT)-PCR analysis were per-
formed. (b) IFN-y mRNA expression was further analysed by
quantitative real-time PCR using the same ¢cDNA used in (a).
Expression is relative to G3PDH. (¢) mDC and pDC were treated
with IFN-y for 12 h. Equal amounts of cell lysates were subjected
to SDS-PAGE and immunobletting for TLR?. Similar results
were observed in three independent experiments.

of DC, murine bone marrow-derived mDC and pDC were
stimulated with 5 ng/mL IFN-y for 6 h. After stimulation with
IFN-y, mDC appeared to upregulate TLRS mRNA expression
to a level that was comparable with pDC (Fig. 1a,b). Expression
peaked at 12 h and remained constant for 24 h after IFN-y

© 2005 Australasian Society for Immunology Inc., Immunclogy and Cell Biology, doi:10.1111/1.1440-1711.2005.01307.x
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Fipure 2 Effect of IFN-y pretreatment on CpG-oligodcoxynucletide (ODN)-inducible gene expression. (a) Myeloid and plasmacyto:d
dendritic cells (mDC, pDC) were treated with IFN-y (5 ng/mL) for 12 h and washed. The cells were incubated for 2 h before slnnufanon
with CpG-ODN for 6 h. Total RNA was isolated and semiquantitative reverse transcriptase (RT)}-PCR was performed. (b) lL-[Z‘pdG and
IL-6 expressions were further analysed by quantitative real-time PCR using the same ¢cDNA used in (a). Expression is re]atwe to‘G3PDH

(c) IL-12 p70 protein concentrations were measured by ELISA. Control or [FN-y pretreated mDC were stimulated wuh CpC—fx for 4‘ﬂays and

the supemnatants were subjected to analysis.

stimulation (data not shown). The effect of IFN-y was con-
firmed by the observation that no IFN-y-induced increase of
mRNA levels for TLRY was observed in mDC and pDC from
IFN-y receptor-deficient mice (data not shown).

Given that treatment of mDC with IFN-y significantly
augmented TLR9 mRNA, we next investigated TLR9Y protein

expression in response to IFN-y (Fig. lc). Control mDG:)

showed only a detectable level of TLR9 protem Consrstéﬂt
with mRNA expression, TLR9 protein expressron in® mDC
was upregulated after 12 h treatment with IFN-y..*™" |

Because expression levels of TLR were. expected to ¢

reflected by their ability to produce cyiek:mes in response to
binding of their ligands, we next 1nveﬁﬂg&fed tytbkine mRNA
induction of IFN-y pretreated mDC bx CpG -ODN stimula-
tion. As shown in Figure : 2a “We obseri'red that IL-12 p40 and
IL-6 mRNA expressmn \in réspomse to CpG-ODN was
enhanced in IFN-y, prct’reaté‘d. mDC compared with expression -
in untreated cells.”To obtain hlghly accurate quantitative data,
we applied rea]-lrMeRT»—PCR analysis. Real-time quantita-
tive RT-nPCR cpnﬁnned the results obtained by semiquantita-
tive R'E—PCR (Fig. 2b). We also confirmed enhanced IL-12
p70, secfetioh from IFN-y pretreated mDC by CpG-ODN
stimulatfon (Fig. 2c). It seems most likely that the enhanced
cytckine mRNA and protein expression depends on enhanced

- pretreated IFN-y, because CpG
DNA induced 11-12 p40 gene expression has been reported to
be mdepen,dent of STATI or IFN consensus sequence binding
protein. “iin addmon DC pretreated with IFN-y did not

mduce ¢xp§es;ion of IL-12 p40 and IL-6 mRNA (Fig. 2a,b).

{r] hurnans TLR9 expression Is restricted to plasmacytoid

in DC*‘ Iff ‘mice, however, TLRY is highly expressed on bone

' ;narrow-dcnved and spleen plasmacytoid pDC, and to a lesser
extent on GM-CSF cultured mDC.? Consistent with this
report, we observed high levels of TLR9 mRNA and protein
expression in pDC and significantly lower levels of expres-
sion in mDC.

Our data indicate that a high level of TLR9 expression is
induced in mPC afier stimulation with IFN-y, resulting in
acquisition of enhanced responsiveness to CpG. In fact, many
studies support a high degree of plasticity in the capacity of
DC to prime T cells and drive their functional differentia-
tion.t? The mechanism of IFN-y inducible TLR9 in mDC
remains unknown and awaits elucidation of the promoter
sequence of the TLRY gene.

Thus, TLR-mediated responses of DC may be influenced
not only by signals delivered by pathogens such as LPS and
CpG DNA, but also by regulatory si grlals from cytokines such
as IFN-y.
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