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Abstract

‘We have investigated to develop novel vaccines against SARS CoV us ng cDNA constructs encoding the structural antigen; spike protein
(S), membrane protein (M), envelope protein (E), or nucleccapsid (N) ‘protein, derived from SARS CoV. Mice vaccinated with SARS-N or
-M DNA using pcDNA 3.1(+) plasmid vector showed T cell immune. responses (CTL induction and proliferation) against N or M protein,
respectively. CTL responses were also detected to SARS DNA-transfgcted type IT alveolar epithelial cells (T7 cell clone), which are thought
to be initial target cells for SARS virus infection in human. To determine whether these DNA vaccines could induce T cell immune responses
in humans as well as in mice, SCID-PBL/hu mice was immnunized with these DNA vaccines. As expected, virus-specific CTL responses and T
cell proliferation were induced from human T ceils. SARS-N and SARS-M DNA vaccines and SCID-PBL/hu mouse model will be important
in the development of protective vaccines.
© 2005 Published by Elsevier Ltd.

Keywords: SARS DNA vaccine; SCID-PBL/hu; Human CTL

1. Introduction o SARS corona virus (SARS CoV) [1-3]. SARS has infected

more than 8400 patients in about 7 months in over 30 coun-

The causative agent of severe acute resplratory syndrome tries and caused more than 800 deaths. The deadly epidemic
(SARS) has been identified as a new type of corona virus, has had significant impacts on many health, social, economic
g and political aspects. SARS is assumed to resurge in the near

+ Coresponding author. Tel: +81 72 252 302; fa;(: +8172212 153, future. However, no SARS vaccine is currently available for
E-mail address: okm@kch.hosp. go.jp‘(M: Okada). clinical use. Therefore, we have developed novel vaccine can-

0264-410X/8 — sce front matter © 2005 Published by Elsevier Ltd,
doi:10.1016/.vaccine. 2005.01. 036
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didates against SARS CoV using cDNA constructs encoding
the structural antigens; S, M, E, or N protein. In immunized
mice, neutralizing antibodies against the virus and T cell im-
munity against virus-infected-cells were studied, since these
immunities play important roles in protection against many
virus infections. In particular, CD8" CTL plays an important
role in T cell immunity dependent protection against virus
infections and the eradication of murine and human cancers
[4,5]. In the present study, a type 11 alveolar epithelial cell
clone, T7, was used for analyzing precise mechanism of CTL
against SARS CoV membrane antigens, as the SARS-CoV
infects alveolar epithelial cell in the lungs [6]. Furthermore,
the SCID-PBL/hu model, which is capable of analyzing in
vivo human immune response, was also used because it is a
more relevant translational modsl for human cases [4).

2. Materials and methods

Three kinds of SARS CoV strains: HKU39849(1), TW-
1 and FFM-1(2) and their cDNAs were used. S, M, N or E
c¢DNA was transferred into pcDNA 3.1(+) vector and pcDNA
3.1(+)/vs-His Topo (QIAGEN K K, Tokyo, Japan). These
genes were expressed in eukaryotic cells and Escherichia
coli. pcDAN 3.1(+) vector, 50 ug each, containing SARS
S, M, N, or E DNA was injected i.m. (M.tibia anterior) into
C57BL/6 mice (female, 8 weeks CLEA Japan Inc, Japan) and
BALB/c mice (female, 8 weeks) three times, at aninterval of 7
days. Neutralizing antibodies against SARS CoV in the serum
from the mice immunized with SARS S, M, N or -E DNA

vaccines were assayed by use of Vero-E6 cell. CTL activity =

against SARS CoV was studied using human type 1] alveolar

epithelial cells, T7, expressing SARS antigens [6]. PBL from

healthy human volunteers were administered i.p. into IL-2
receptor -y-chain disrupted NOD SCID mice [IL-2R(—/—)

NOD-SCID], and SCID-PBL/hu mice were constructed [4]. -
SARS DNA vaccines at 50 pg were injected im. mto the .
SCID-PBL/hu mice. CTL activity of human CDS-pOvae'

lymphocytes in the spleen from SCID-PBL/hu was assessed
using IFN-y production and 51Cr-release assay [ :

3. Results

3.1. Induction of CTL against SARS Cobe SARS (N)
DNA and SARS (M) DNA vaccine

Spleen cells from C57BL/6 mice immurii‘zéd with SARS-
S, -M, -N or -E DNA vaccine were- cultured with syngeneic
T7 lung cells transfected with S, M, N'or E ¢cDNA. pcDNA
3.1(+) SARS (N) DNA vaccine, induced significantly CTL
activity (IFN-y production) against N cDNA transfected T7
cells (Fig. 1A). Similarly, SARS M DNA vaccine induced
SARS antigen M-specific CTL against T7 cells transfected
with SARS M DNA (data not shown).

A
(pglm;)u CE7BL/S mouse
§ 20
T
3
2
G.
E 10F
s
Effecter SARS (N) DNA Non-vaccinated
vaccinated vaccinated
Target 17 cells 17 cells. .
SARS (N) DNA SARS (N) DNA
B C57BL /6 mouse
36
. |
>
-
@ 20|
c .
8 15
s
T
g
o 5
N

Normal

A vaccinated
+ *
TT cells (N-DNA transfected) T7 colls {N-DNA transfected)}

VFig. 1. Induction of CTL and T cell proliferation against SARS (N). (A) In-
duction of CTL against SARS (N} antigen in the spleen cells from C57BL/6
mice immunized with SARS (N) DNA vaccine. SARS (N) DNA using

- pcDNA3.1(+) vector was injected i.m. into C57BL/6 mice three times, at
- an interval of 7 days. CTL activity was assessed by IFN-y production in the

culture of 1 x 106 spleen cells and 1 x 10* T7 lung alveolar type II epithe-

_ lial cells transfected with SARS (N) DNA at the E/T ratio of 100:1, IFN-y

production was assessed by ELISA assay. (B) Augmentation of lympho-
cyte proliferation specific for SARS (N) DNA vaccine. 1 x 10° responder
cells from vaccinated mice were cultured with Mitomycin C treated 1 x 16*
T7 cells transfected with SARS (N} DNA. for 48 h and then Bromodeoxy
Uridine (BrdU) was added. Proliferative responses were assessed by BrdU
assay.

3.2, Augmentation of lymphocyte proliferation specific
for SARS CoV antigens by the immunization with SARS
(M} DNA and SARS (N) DNA vaccine

The proliferation of splenic T cells stimulated by co-
culture either with T7 cells transfected with M DNA or SARS

M peptide (TW1 M102-116) was strongly augmented by M -

DNA vaccine {data not shown). SARS N DNA vaccine also
induced proliferation of splenic T cells in the presence of re-
combinant N protein as well as N DNA-transfected T7 cells
(Fig. 1B). Thus, both SARS N DNA vaccine and M DNA vac-
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SCID-PBL/hu

.15,
(Brdu)
0.0

SARS (M) DNA vaccinated Non- vaccinated

0.1

Proliferation {O.D. BrdU)

Oug 10 50 Oug 10 50
M peptide M peptide

Fig. 2. SARS (M) DNA vaccine induces in vivo human T cell prohferanon
against SARS CoV in the SCID-PBL/hu human immune systems. 4 x 107
PBL from healthy humanvolunteers were administered i.p. into IL.-2 receptor
~y-chain disrupted NOD SCID mice [IL-2R (—/—) NOD-SCID], and SCID-
PBL/hu mice were constructed. Fifty micrograms of SARS DNA vaccine
was injected i.m. into these SCID-PBL/hu mice. 1 x 10° spleen cells from
these vaccinated mice were cultured with 10~50 g of SARS M peptide for
3 days. Protiferation was assayed by BrdU.

cine were shown to induce T cell imnmune responses against
the relevant SARS CoV antigens.

3.3. SARS M DNA and N DNA vaccines induced human
T cell immune responses (CTL and proliferation) in
SCID-PBL i model

The M DNA vaccine enhanced the CTL activity and prolif-
eration in the presence of M peptide in SCID-PBL/hu mice

(Fig. 2). Furthermore, the SARS N DNA vaccine induced:

CTL activity (IFN-y production by recombinant N prote;
or N protein pulsed—autologous B blast cells) and proilfer-
ation of spleen cells in SCID-PBL/hu mice (Fig. 3). Ero
these results, it was demonstrated that SARS M DNA““Vac
cine and N DNA vaccine induced human CTL and h_ man T
‘cell proliferative responses. :

4. Discussion

We have demonstrated that SARS (M) DNA, and (N) DNA
vaccines induce virus-specific immune reSponses {€TL and
T cell proliferation) in the mouse systems"us;ng type I lung
alveolar T cell lines in clone target modéls<{6]_p’1‘hese DNA
vaccines induced SARS-CoV-specific CTE and T cell prolif-
eration in vivo human immune systerm s using SCID-PBL/hu.
Gao et al. developed adenovirus based 2 SARS DNA vaccine
encoding S1 polypeptide was capable of inducing neutraliz-
ing antibody, while another SARS DNA vaccine encoding N
protein generated [FN-y producing T'¢eHs in thesus monkeys
[7]. SARS S DNA vaccine whlch elicits effective neutral-
izing antibody responses that g ergte protective immunity

SCID-PBL/hu
26
[ SARS (N) DNA vaccinated SARS (S) DNA vaccinated

= 20 sCID-PBLhu SCID-PBL/hu
= 3
L 1
=15}
£ 1
2 H
s -
g 10}
= L
i~ [
1T} [
Sr

o : N % R

3 rSARS(N) (9 rSARS(N)

protem protetn

Fig. 3. SARS (N) DNA vaccine induces in vivo human CTL against SARS

CoV in the SCID-PBL/Aw human immune systems. 4 x 107 PBL from
healthy human volunteers were administered i.p. into IL-2 receptor y-chain
disrupted NOD SCID mice JIL-2R (—/—) NOD-8CID], and SCID-PBL/hu
mice were constructed 50 pg of SARS (N) DNA vaccine or 50 ug of SARS
(3) DNA vaccine. 1 x 10° spleen cells frem SCID-PBL/hu were cultured
with 10 pg of recomb}nam SARS (N) protein for 72 h. IFN-y production in
the culture supe. it was assayed using ELISA.

in a mouse—mode “[8]. However its immunogenicity in hu-
mans has;yet to be established. Therefore, it is very important
10 evaluate: the-éfficacy of SARS DNA vaccine in a SCID-
PBL/hu mice, which is a highly relevant translational model
for demonstratmg human immune responsiveness. Recently,
SARS “DNA vaccines capable of inducing human neutral-
1zni1g antibodies against SARS CoV have been established
by. Qur SCID-PBL/hu model. It has been demonstrated that

.=£Ang10tensm converting enzyme 2 (ACE2) is a functional re-

ceptor for the SARS CoV [9]. A transgenic mouse with hu-
an ACE-2 may be useful as an animal model of SARS. Fur-
thermore, ACE-2 transgenic SCID mice should be useful asa
‘human model for pre-clinical trial for SARS vaccines, since
CE-transgenic SCID-PBL/hu model could analyze the hu-

‘man immune responses against SARS infection in vivo. The
: effect of combination immunization with such SARS vac-

cines and neutralizing antibody dependent DNA vaccine is
now being studied. These DNA vaccines should provide a
useful tool for development of protective vaccines.
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— &M, PL-fusion AEFRE XN D —F, TLR-2ZEHHY
{2 NKT cell 2 fEHEAL L, IL-8, TNF-o 4, RAFERE
B % 77 1. LAM (MW 15000 ~ 45000), LM (MW 6000
~8500) LHHBICE VHESREY, o THHIZDH
Ebb, F7 ABEHMERFEE LU T, LAMP LM
D7 ¥ H - PIM) REEFEENSD D, FFIZ Man 20
meriE AN LMOEEAEE ShTwb, BCGETIE,
parietal LAM & cellular LAM C PIM D 5 B 885 D85 %*
Rih, REFHENE (L8 & TNF-« BEL£R) IIEDDH
5o M LAMPERI PIMFEORE G, BHOBIIC
Hubhd,

IMA LAM D HB I /T2 RBHEESFT
Hh, MBEEBOBELET SO LEEFRANYRE

CEELOLOLNHLEY, BEIL-12EAPE PHERE

A3 B apoptosis IFTEIE LMITR b IRHEMEL, <
YI—AF ey TEAETL LAMIZELT L HBWiEE
RHBEEELRVEZIRSL, IhHORSETRE%E
WREDD, ML - BEFFH TRV &2 HiEHEE
BEOBREIERTY 2, A4BHRGHREE LTE
EhDHTERERN S L9,

(Sulfolipids (2, 3, 6, 6" -tetraacyltrehalose 2” -sulfate, SL})
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AU ED S, SL-RIEHKI, BHEFLTI28ELD
Bo
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ETABEREETHA L b T IO VEERT
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e i L, HERS NG 5 (FEE0DPR | Yano
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) v SERIETEMGIS L UM IEN-y BABENA LGN, M
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2. BREBRREOSTHRE LR GEHRE

ARTLAERERESHERBRB @RS BEA HF

T s Aol vRe

CHEELEEE (Mycobacterium tuberculosis) 17 L D184
BREETHLY, HORESEILELICRETS—X
BRGSO BELMT, £ ETFEEOEBELE S,
—RRIT, BEELHERE, EEroFLicdBsha
SEERL, —HIEEEELD, RBOELJKTL
TTRETHEFLETELEZ LR TV B, BEDERM
PETTILHRIBUEETES, ARNESRTI 2
¥ CNEZREH LN, KEFORARNERI

COBFTRIET L. BE, AEOR%IIEREBE

RKERELTEY), BREROREACT—L£0OMIZH10%
PREBICED,

HROEIE BB OREYE

REEL, UHMHIVEPITHRTEEHLDT
WMORBLETH S, NMBBEEP T, Nk
v I8 O BB Mycobacteriuin leprae, F¥EREREBEE
O EEFEE Th B Mycobacterium avium-intracellulare
complex % &, WMEMHEEEE, B LA CHFERFHT
bHb. BRFUELFREEOEEOMD Y ALH TR
A, —2ollid, WREHBEI MIBNFESRTHY, ¥
FARBTHLIIPZIRYOFENTRICRZILELS
No. SECHETWEFEREEILERL, R LT
MERG KRIZEDIWIHHT, RHTEL s
THILT, BRLEBREERSDEFLTHRICT 5,

1L #E & RRE '

PHEMCFRERIRARED OB L EET 5.
TO7ORFFE LD TET LAKRE I L Tiihe
HEV, R EAREEES (WHO) i3, BHEHREIERE
& LTEZENTEMLEEE (DOTS) 2k b, EH
6 A ARKSTHILREERL T 5, DOTSHEL
—EOEREHITTV 5, ARECERVCOFERTD
%o TORER, b FREREY A VAL OERYE, &
AEEROHE, TLTREARD RS IZEERELT
VHERBRBOFETH 5. WHOIE, 55204 — 2,
QARG Z T, 7000 A APFELE TS LFH L%
PRELTWS, ZOL)CHBRKREHEREbDHT
RREFBVERETH LY, ROKESHIRHET, B
RECFREIFAR SR TRy,

EREONBEELLESSF

TRTOMARIE, FIRIH L CHBECRS LETEH
FLTw5, 20kd, flziE, »2EEEFZIEEL
LTREDREFHERASELE, BRORGEICL

DEERETHF LTV, i, HREOKRERMEE
By 50, “BRWY 2R EFRAFAHCHET 2
bOTIRZL, AT "HEBEERN L BBEAREET
HAFOFECER Uiz, FREMICTRTOBEFC
BELEELOHT 25T ThiLG, £ENBRETICE
WTHEET 2 L5 CRsEo/RB L ELEE LY, L
bBRIETFTTHS DNAZHEIrSE VB0 T LR
EDEZICE B, WHICETERER, FHRONEES
&% B % mycobacterial DNA-binding protein 1 (MDP1)
TRZELA ZLTMDPICELTUTOHEESZB S5
iCLT&7,

MDP1 DR E BDEREN B LUHERE

MDP1 i, ERFEABE ON BB BNT T~
10% % &G0, EFHAOFRBIC, T CHE M2 &
ELZRBICBWTR, 26RTOFFEIMEAT S,
HH BHLEEW Mycobacterium smegmatis T 1%, 3 H 358
BRI BORRALLR oLV, SFE LR
FECR2D, 23 h, ABEO MDPIOSH R, WM
EEEMEHEET 5,

MDPI D7 3 / ABBUERABEOL X F Y REHE
HUE, ANFEFRIVERBEIE bOLA M HLER
TR EEIEZFET S, 2O &5 5 MDPL
i, “EOvR N BRERELEZ ORD. BEOEE
EREOSFRAEBEEICIER ALV, BELAETRT
ORERIZIE MDPI OB EDLNB L2 0, Hillk
HERNFFTH S,

B REEHEEIC LY, MiEE, BEER, VRV
— LM ISR O h, EFERSTEICL PRl
EL508 VRV —< T Tany MIBELTWS,

HEEANT, DNASH, RNASH, EHEAEZY
ThbM < BET L, HREETEHEFREERESHE
CHEFL, BREEIERBESRCETL v,

MDP1 2 RH &€ 5 2 & T, M smegmatis® KEGH L
ERFERICEHEER S h, ERFHE (BCG) 1TXE
CRASEDH EHIIHEEEEILT 5, ZoEHE, 2%
BO7I/BE7ANS Y YBRERT, 20ERICLED
WRAHRIEIRET 5,

CNODMAD L, MDP1 AHEEE OMETSRE L AT
FHL, ERFHCSHRBRECEALBLCHBCEHS
ZERKERHERS,

WEBEERED MDP1

MDPLIX Y 7 A R7F FREBBEBEREL 20
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7%, MR D HFET S BER, RBEEREO MDP1
HOHRBA e RIEESFE UTERT TN EZR
L. ZOHA, BEEEHETE TH S MDP1 A,
HEEUE P SEFHRERROE L LRETIOTRE
Vb #EE a5, MRS R v s AEKE

FREbNTWVS, FVaHI 7YY (GAG) s

e Lidh, RN~ Y v 2 RAOERGTTH b,

Fiut, ZHEOBVELESE,SL Y, BEEOER
Iy, e7a B MHA), 2 FudFy, 3 ¥Fa
A5 VHRBE, A3 Y, AT URBR YYD L, B
Wik, GAGZMLT, HuHFAEto LEEBICES
FREBMESRATV A, BEAERCROESHETS
oW, FEAEHOMR LRl TH 5, Wiz LR,
BEE IO 5N L URBEEICZELL, Th
KEPRATEZEC, BEOREIBTR L 5. $72,
i ie b MR~ D& A3 o S RSB~ O W OEE T B
L, BROEELRET S, Wi EEMREE, HRE
FARHOEELHRERTLH S,

MDP1 [ TEE=HRFHEO GAGICEAT S

bbbz s, MDPIO~NY) YEEHE AT AR
TEN L7 MDPLIL, Y YEERGHE DT~ 2R
BLEHFACESL, NaCQUEEIMTEHER S
Ik, MDPLASANY) XICEET 5 L 2R L7.
RIZMDPL L BB GAGOEEE, ¥TaT7R8344 8>
F- BT L. TOEE, MDP1O~IY Vi
EHPFERIN, TE6IC, AT CHERE, 2 R
A FYHBABIUC HACEET A L9z,
—F, BEEO LEMR~ORATHEL R, T3¢
=R, MDA L THEEHE RS 2 d o7,
FH GAG L DH¥EEHRIE, 1078~102M T, BWEE
WREHT DT LU LT

MDP1{3, A549t bR L ERERICIERSE T S
. MDP1 % A FTHML, 2R%FVT MDP1 A
EEMBCESET e RES L —F—HME L
FACScan # AV THIE L, A549 | T BIRRR B
Mk DRERWZ, 05, MEL S L IIIMDPIZMAK
a4, BinE, 0a%Cid 0% Eo @
MDPIBEL 2 0, 60 P BICITIT L A L ORBIZEE L,
FIGTFEIE L, COBEERS, MDPLA, Hvdh
iR MRS T A EAHHAL .

EEIC, MDPIP LEMRETO GAGE L TR
CREAELTWwAPE#HE L. MDPIAHIRICEE T4
EHTIIBWT, ~Y R HARZMA S &, BEKRF
Bz &2 BE L. MDPLH GAG A L THllRIC#
BTAHI EARES N,

MDPI &S HHMBETD CAGERET 5728,
Hie = 4 RN GAGH B R THRE LI, MDP1 %
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KUG 54, MDPI-MUBRIEEFRET 505> % RE
L HABRMNSRUEN, MDPIOBEZIEITES
CHEEL/, MDPUITHIEEE O HA 24+ L THIBE LK
MR EETAZEPHLR LR ol

MDP1{Z DNARAHET GAG LERT D

BEHAELZ AT, MDPl & GAG &L D& % 5t
Lz 20O8EE, ETa7134 32 =4Fuwii
E—FL, MDP1iz 7L — MIZE4EIL L 7= HA, =
Faf4+FrBEICES L. ZLTZ0EEE, 8
LDNAZMZ B Z ETCIRIZERICHEESN, LED
Zlds, MDPLIZ DNAREHBTCAGLEEST A
LATRENTz,

FEABAOER BT, EBRIC MDPL A DNA
EHA P EALTHEST AP ERE L, 86BFETS
AN L7 MDPI % ASAQMIRRIINZ B &, 2 BRRFIEIZIE,
95% L. EOREA MDP1 R EE L o/re CORIZT TR
I FDNA%ZIIZ % & MDP1-A 549 AIRE RIS & 0 BEE 1T
MEshA, 2O LD, MDPLIZDNARAHEIERT
MREBDOHA LHESGTH I LARENI,

MDP1-HARIE &, HMEOMBAORESET

GFP 2 ZH T2 A# X BCG (GFP-BCG) #ERk L,
BHOMBEEB ITRAZ AL L VBT
ik, TR OEES FACScan T BWTHET
ARBBENREMY L. Th2AWT, MDP1ATER
i, BOBESE/BACEbEAERE L, AL
MDP1-AS4OMI BRI E SO HEYWE TH 2 DNAXRH
MDP1#L4E, T A-MDPID ASOFIKR EDENTH S
HADOHREREF L 2. TOHSE, DNA, i MDPLH
%, HAZMZ A Z &T, »ihi BCG-A549#fLE o
HRE2HETHZ LN P o, HAOHESE DS,
DNA R MDP1HifE & b 88w &5, BCGIHE, HA
T 5 MDPL YA DEEDE T TH5EEL N5,
¥ 72, M. tuberculosis H3TRvERIZ O WT, HERORBE
PR 2 1T o 748 R, GFP-BCGERVIBEE LR
BHORREEEL. EHEOEED, S, MDPI-HA RIEE 11,
RBEDHBE~DEE 2 RTZ EFHLh Lo,

BE-HABEA & BREEAEzR o

BT, B-HAHBSHEEOMBERREIIIRE
THEL, BT I BV TR L BCGETY
AREPUCEALBRREFRL S S, ZO8, HADK
ETH~OEBRBICEAID 2 hRE L. BY2E
HBOREEBERE L-ER, BB ClX40,875+
16585 DEFER BT OB FRBENADIZHL, HA
FEHTIE, 5960 14,530 CH o7z, HA-ERHRMS
FHER, BEFHICAENTHLZEWRER,

BEBLUSHE

HEEIE, AHEO3I5O 1 IC—BARIRKE IR L
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Twa, BEREREADI0RFBHREFIEEIL, &
H20EBMTIOHFAREET L EHME TS,
R abEBHRIBELNATED, RIEFEIHEE,
EhDHTEEENRV, L L, KABEEEIFTHETH 5,
KRR THRECHTINR2BET 40, 442X
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BeFEoRBFELRTELINOE, TRTOBREFICES
LI BFFTiRLVIEORENG, EERAOIEFRY
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OGFik, REHFENe A P O BERET, BEAT
BRI, HoMEEELS A
HEEHLTW, Tbhbhid, MDPLITEAERE
bHEEL, HOMRBEE/BACHDLIIL, Z0BED
B AR OEMIHATH A I 2L LT,
HIEEREE 707 7—Y0a% 6T, REALOM
fa bR el s DR T A L HEINTS

B 9% E35 200458 B

H, MDPl iR DA% 63, RIBEOMBIEE/
BACHAboTwARLEMSRE, ZOZ LI, HA-
BEMOESERET AT - L EREQRENTH TS
BT ERTFBET b

MDP1 & E ¥, FEHENICH S LEMB~ORA
A Hdd. FREFEEC, HERCRHAHEEEELE
DOEBEMFLTCH/BERHFOEF BRI LI
Bbhd, FOXHCUTHEY LAEREREN R
BB ATELRO)F— -t L b WEREEFDH L,
G S 512 MDP1 DFEMEE PLICRIBEIBZERD, #R
RREWBE OB EITIIT 2,
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Ac;ki K, Matsumoto S, Kobayashi K, et al.: Extracellular myco-
bacterial DNA-binding protein 1 participates in Mycobacterium-
lung epithelial cell interaction through hyalurenic acid. J Biol
Chem. in press, 2004.

3. BEORELBRHBICETZEBEY A PO OERE

KA ERE LA B R BN ERES TRERLESSE L FI%

EEECHTABEREO T EFERERETHL
LR MOBETH S, £, MosmanH 2 X 5
ThI-Th2/%35 ¥ 4 ADFERLIE, MEREDCSTHE
HThIHA P A4 v THELIEL Iy +A0E
LRTWBEIATHI. LMLEMFOTEEMIZE,
RURERGHE FOBBBHARRICIBIT S IFN-7
FEAREE LS - o, —EOWMFETI,
b rREMER, HE5V it mnvim Toitisglvsa
7r—YEROTEHBEICY Y A HRERCHT S
IFN-y Qg SR, BB, TLAIAEE
TEE5EOEEIHRRNZI, Lk LEEC - T,
IFN-y SESRETICEREZEI L, 2O HICIFN-
y 255 ELHLEWERAMAB S, Z0XILEBY
TIIRBEEREIIN T 2REESEDOTHEL TV
CEFHSPIIIENRTELYY, O Eh L IFN-y
i, =T ADALELTE MIBVT I ERBREHAOF
DR EESEEIYA M4 THEIEMPERESH
Fio RBLBESE, LR2EBEAEEECEMTLHEY
ENRTnAEY,

BETHEDEIC, 4DDIFN-y FEET L b A A
¥, ThHBIL-12, IL-18, IL-23, FLTILL-27HRR
sEhi, b NKHERESEEEHFLLTRE SN
IL-124, Thi#BOEFHIIBWTLEALRFA A
Ay THabIElMALNRTVED, —4, IL-18i3FhH
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Fig. 1 Effect of Thi-related cytokine deficiency on M. tuberculosis infection
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Fig. 2 IL-12,1L-18 and 1L-23-independent IFN- ¥ synthesis after infection with M. tuberculosis

TAERCCHEEBRRCT T REHERELES
%, IL-18KO<IL-12p40KO<DKO< GKO @ JIf i B 4 B!
(WT) =7 R ERBEEORENBEINS. (Fg. D
my, ZOZ &AL, IFN-y FEY AL b A A OPTIE
IL-R2ARSEETH Y, IL-18OFEIFIL121CHE~<D
ERELTEZSL2 5B R v, F4, DKOT 7 AW
GKOT YA LD bHEBBRECH LTIV ERETH-
PZ Edn, IL-12, IL-18, IL-23|24K%E LWl
BEOTESER I, S 51T, BREHOW, T,
JRBE, MFPOIFN-y BA % BELSAICTHIEL2E 2

5, R, T oo~y AT HLILELEFEAD
Lz (Fig. 28) T/, BBIERZOERSE» S5 RNA
ZHIM L, RT-PCR¥ZEIZT IFN-y mRNA ORBE L A~
LA, M, B, BB THL AL BREFEE IR (g
2B} TR O OHERIE, BHERREICLDIRVILIL,

IL-18, IL-234T4KFEL %\ IFN-y DEEA B L URLEH M
BEIEETAILERLTVR. DI EIC—HLT,
DKO® 7 A TAH LN L BEBREDOERE TOINOS
mRNADRREB L RSN IPN- 5 (23§ 5 A0
AEOES L > THRICHIH S Wiz, IPN-y EEHR
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Fig.3 Role of Thl-related cytokines in host defense to M. tuberculosis

KDV TRFEZBLIATEEVD, DKOT TR TR
IL-12p40KO = 7 X & F#(C PPDIF R4 TI I A3
(BEBTERboZ eds, BEAFEARIDOEL
5BRAFREIHS L TWAWEEEZZELTWEY,
bk CD4 BEMIRBSHICEE T2 2 2R
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IFN-y B4, €L THEBREHHICEES LTI et
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ND, IL-27 3 naive TRIRRIZYER L T IFN-y B4 % FH
THLOBEND ), ZORBICHSLTVWATHELD
FB, COLINEBRBIIIERENADI=XLIZLS
T, BERIIVFHEHCREERIHRL TS50
EZbNhd, §BREIChLOBFEZ ELHIIHMCEHL D
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T U &I

MEASFEE THLEEREE, TOARBEIRSTD
% mannose-capped lipoarabinomannan %°, Bk ERE &
EL-BEES AL 77—V ERET S
I FORMBRICBATSZEHFTE DY MRA
WBALSEEEE, 77TV -0}V —-00BG
*MREFTHZETTr707 7 —YOMRBAREE A
F—7L, MBEATHEET L, FLRE, SEEISEK
#HHE(DC) LODCSIGNEH LTI 7+ L2 HRAIK
{581, FEMNICERRENHOB#EEE 25 £ 4 =
AAHSrbPFHLRISHTE FJ,_ chsiteyih
% B D persistent infection (XS5 THEELRXT v I Th
HEEZONDY,

—F, BRI IIRW T VA MEESR Y,
EEEORETE Thi R0 L LiziRvllat Rk
MHHEEIN D, TOBREHHZES TRHREO U,
DCH AT 7 a7y - VI LA RBEORINB I T
FhoOBREBERRECETFTIIL 20, BFHREDS
WEEEL, BESHTEFLLS L4 o88EICHL
T, DCRTZr a7 =Y PNl S hlFE Tttty
BOPEGFLARAVTCHLRNICT DI &id, BT
DR BT 5 ) A CHEEL RIS S,

FITERBTE, ChECTEBoh-ARLELD B
HEFEOFRIIBITZBETEO Thiv 4 bAA Y EBEE
DEFERE, FOFEIIIDIBEHERFIIOVTE
Ldb,

BB B (T 5 BRAHEO IFN-y EBE
IGEDEEN

Mbovis BCGR T RIIEE 2L L, ERFAN
IFN-y A CD4BE THRAFESHh, ZOTHE

HRLE R DEVEIHRENRERET 5. —7F, BCGR
BTy R ERELLZEBSICE, EBRETALILSH
FASE IFN-» B THROFHIZOON T, B
BHRESBHEALLZVY L L, BCGRBRET T AD
MEfE I, ARy ARME & FERREICHREELIC
HLTHRWIL2BEGELT L, EERARRELE
BTAZENTEL, TRNHLOKER, BCGREARE
THHEFEYN Thi R ASFE SN LY, BRiHENEE
#5 THROSAFER AR L ZHBPERTRTH
D, ARAECHLTOAFTESNLBENHOBER
ERBEPEETLAZLEZRT IO TCH S,

O THROGIBEEDA A= ZLEeF A FH 4 VE
EDOLVARNVTEHR LA 25, ThidRBOG{IZEET
5 IFN-y OEAFREHFB TR S, FHEF
BTiREDLNE W P bholz. TOIFN-y 2
AT 5 L BPHERSE THROFESAT IS
Ehb, BEMMICEL SRS IFN-y # TR 251
wHET, BHEEOFELEELBREERTIL
HrERI,

BRI IFN- y BT

FAZY T L — M THE L RES O (PEC)
# BCGHEBWTHE T 5 &, IFN-y EEVFHI LD,
COEBRICEEYTA, P A4 VT AHAEEMAT
IFN-y BERELF~ . CORKR, flL-R2FEKB L
U IL- 18 EDIINC £ D IFN-y BEASMB I 5 2
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NASELEEFEL, ThASYA VA4 roEEEY
TEICNKAREAIFN-y 2 EE TS5 Edbh ol

WE, =207 7— Y% DCLE D Tolllike receptor
(TLR) 2B YAI%, ZOBOMBOEHLICEES
BRERLZLTVWOIEPELNCEN TS, SHE
T, FOEELHMRERSTHEIVRTIES 2+
YR, FAATTFFVNL LY =N YF, 19
kDaJ R ¥ 7, HEVIERMEEEERED TLR
2R TLRA G FICE DV BRINSIELIHLPIIEN
TW3E9~", £ZT, BCGEREHRT Thi®Y 4 + 7
£ YEAFBIIIND TLRAFHHET 2 2E 04 R
~5BMT, TLR/ v 7 77 M7 X PECHO BCGHEH
FIBOR 594 M A4 VEEREEET L, T0O&
£, EEYUAPECIIHELT, TLR2 /v 277 b
¥ 7 APECTHIFN-y BL U IL-12 pd0EAEDIZ LAY
Zwoh{, BCCEBTHR SN L IFN-y BEEBEC
TLR2 R BEFTHEHFR SN, 65, 20
TLR2 DS ##ET 579, TLR2 ¥ I ¥ 5 HEK
293#ifR % BCG THI# L, NF-«BDiEHbE Rz,
HEK 293 /882 % BCGHEE THRIB L T 4 NF-«BO{FH#
BB EEN o), TLR2EHFE L7 HEK 2934
HaTid BCGAE MR B, Hv NF-«BOEMEILAFHE
Rz, 20L&, BCGEEABZOIL- 128X T
IL-I8EAEICE = U7y —VEDTIR2GFHEE S
EEZRAL, TLR2ICE D EB S 5 BCCHERT
75, PGSR ) THROSEHFE TR THD &
i ohi,

BCG H LU ERERE IL12EEFRERHT

T COBT,E, BOGEWICIE IFN-y EAFHE
CES5T 5 TIR2) 7 FHEEL, ZOBCGHT#:
Pl THROG{EFSEICATRCHE EEL
Gz, 7, BCGRERE D IEN-y ELEFHEEIEHIC
REBELTELLBwI L2, ZORTFIIEFERRS
Tk, HORBCEVWEEINEIESTH L6
MEZ bR, £2 bbb, BCGHEOTUR
SITEBAL, FOVL A S EAFEEE LB L
72 BCGTw a7 v —VHRB LB, Bl
BHEI VA b A A YEESFRD R LG, §
BHIEH O BCG % sorton 3 8 C2A4RFRGIEE L, BoHh
7= il 2 AL A B ClHE LT culture filtrate 5 HB L 7=,
COFA bh A VEEFEFEERSLLIA, L2
PO A FEFHELBD N, —F, AROFETEH
HULFEEBEED culture filrate V2 I FOEHITZED L h
Bdrol. 6K, SOV A4 YEEFEERR
BCG RV Ch { #HE B HFD culture filtrate |12 H ¥ &
N, B culture filtrate T TLR 2 % # 3 L 7z HEX 293
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T4 AZHCHEEL, FTFEI00kDall LOREHK
AT e UEREHFETHILHRINAEHI,
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7327 B HS BCG R i B IR He 4 O IFN-y EEAE B3I H
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ZOFS AL CEERECES T 00T OWTEN
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WMy TEREABRVRESHLSTRRRREL v ¥ —BRIEY - 5 —RETEYE BHEH £7

BER BCGINbBALEHTFH IS THEFHL
WDNAT 7 F RV ay¥F» BCGT 7 F R BR
L 7z (1) IL-12 DNA+HSP65 DNA (HVI-iposome X
H=) DT ZFIEBCG LY b 100558 L EE TS
UoFrTHEIERHRICKREITTHLGPII L . &
DITFREF T TOFLE IS L7z, R AR
REAHW, EALEY FORTOEEEE L WEEELD
BRHLERREFHHREER LA, (2) IL-6ERMK
FOIF BRI I F U THLBI LR WHTR
Lo (3) & FAEENIEEAERIT €7 0 SCD-
PBLMuZ O THAEL, (4) b FOBEREETTN
bW =2 £ FE v, O HSP6S DNA+IL-12
DNAD ZF >, @V EF ¥ FT2ABCGY 75>,
QNRABMEF v RI T2 Y OBHLEBETH T 75>
BREERL, SLIIAEFRUR, ESPELZEDHLN
7zo (5) WHO STOP TB VACCINE MEETING : 2004 4
i WHORED 4 ¥ 38— 23 ¥, HSP65 DNA+IL-12
DNATZZF R EbHTEVEEEL ST,

U

WELNZHRAOAODI GO I PEHBOREE T
i, TORPSEESOTACEBEETMFREL, 200
FAFBFEEETREELTYWS, BAOBEEDC 12T
HBo 1998F, RECDCH L U ACETIFHF RO ERK
75 FYEROLEMERELL, LALRHG, BCG
IR BIRET 7 F B COLBRERAICREs T
v, bhbhidBCGL D didaricmAhlHLwy
DNA 7 7 F  [Hsp65S DNA+IL-12DNA] R 2 ¥+
YhFBCGZZF» [VarE+ 72 BCGl, 72
=y b7 IF Y OREBICHEIIL - (Table 1) 0™, Zh
HOWRBEEZ TS, FLVEET 7 F o ERE, 5
iz 2V TH<5B,

HHEER

(1) 87 2 7 > Ol
@ODNAT 2 ¥, @Y T2y 72 F>, @U2
Y¥+ > MBCGU S Fr (BHEAEHELED) 12K

ENhBY-¥, v T ATRBCGY IV FriilsrilBER
TAHLWERT 2 F > id&bdToHEv (Table 1o
(2) DNA7 & F ¥

HIbNILIL-12 DNA+HSP6S DNAD T & F ¥ H3H
EHREERL, BVIFUEY - AT, genegn & A
WBEFRESTBCGL D b2 bDTHNE (100
) BETH T2 F Y ThHHI L & BALBL VT ADR
TSR LI (Fig Ao 77 F VIR, *5— TH
Ba % Thi ML 5{LHHRS PNy, 12, IL6DFA%
WaTAZ Lo CRESRAZN, BUEREAE
EH/zIT4IM ¢ TEMMAZL L, IPN-y DEETF
S—IEREREL. ZOER, 770 HREFT—
ERERELAARIED SR (Fig B)o 3612, ¥
BARERLEHY, ELEY VORTHH, F, RO
BREREREARL VAN EMBRETHHRETRL
P AR

LI, 4T TDAAVAY ¥ — L 0 10005 RBERIE
A% X V> AAV(2/S)/HSP65 DNA 7 7 F ¥ % th R 1 B B
TIER L.

C(3) RISV

FTF/ITLWANRZ ¥ =L EA L ILcBAERET
(IL-6 gene+IL-6 L & 7 ¥ — gene+gp130 gene) K& BCG
LN SN REHETIF O HREEFR L (Table 1) IL-6
BEBRTF7 75 Vi, BEEIHT535— THRRD
SFAEBIXUCIL2B XU IFN-y OEAFELHEE LA
(Table 1) "2,

(4) $F2=w bITF

72f fusion &H (Mrb 39 & Mib 32 fusion & H) 7 7 F
¥+BCGTokyo 7 7 F Y AIBERE VN =2 1 ¥V T
BCG XL W & BALFH 7+ v ERT L EHS
2 L7z (Table 1, Table 2}, & b O & HFHEHELEE
invitro R THTAE TR T THREEILE (IFN-y,
IL-2, IL-6A % R%E) AiHE3g L 202,

(5) Ya>¥ ¥+ FBCGTZF

PNN: ¥+ PR & — % vy, BASI (Ag85A+ Ag
85B -+ MPB51) J 2 ¥ ¥ F ¥ k DBCGR 1AMAE ¥ » 7%
7 @O DNAZEAL 72 BCGOERICHII L, #HEE
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Table 1 The development of novel vaccines against tuberculosis

(1) DNA vaccine :
HV] liposome/HSP65 DNA+]1L-12 DNA

{(2) Recombinant BCG vaccine
(D recombinant 72f BCG

@ recombinant (Ag85A +85B+MPB51) BCG

(3) Subunit vaccine
Mib72f fusion protein

(4) Therapentic vaccine
IL-6 related DNA vaccine

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

(3) Priming-Booster Method
BCG Priming—Novel vaccines (Booster)

More effective than BCG
(mouse, guinea pig, cynomolgus monkey)

More effective than BCG
{mouse, guinea pig, cynomolgus monkey)
More effective than BCG (mouse)

More effective than BCG (monkey)
Augmentation of T cell immunity of the
patients with MDR-TB

Phase I Stady

(mouse)

(mouse, monkey)

(6) Attenuated (gene knock out) Listeria—TB vaccine (per os)

(7) Novel vectors
AAYV vector (1000 fold effective)
Adenovirus vector

—* Selected as WHO STOP TB Partnership and WHO STOP TB Vaccines Working Group

A, Number of M. tuberculpsis 10 weeks

after the challenge of M.TB
Lung

1.0E+1.0

1.0E+09

1.0E+0.8

1.0E+0.7

1.0E+Q.6

1.0E+0.5 -
HSPES+IL-12  BCG Tokyo
vaccine vaccine

B. CTL activity (IFN-y activity) of
splenic lymphocytes against M. TB

HSP65+IL-12 BCG Tokyo

vaccine vaccine

Fig. One hundred fold stronger anti-tuberculosis effect of HSP65 DNA+IL-12 DNA vaccine than that
of BCG Tokyo (mouse) and enhancement of cytotoxic T lymphocyte (IFN-y producing) induction.

R 2 IFN-y EA THR I OB % Elispot Assay
THHLPIIC LD, 512, CRHEDOBCGRTYRAB
JTENVEY POBBRRORTBCGL Y LB LTF
77 F 7 CHHZEERLE (Table 1o T77, BE
¥ 237 31, 88f, 59f, 7If, 72f35BODNATEHAL
72 1BCG % FERL L =02,

(6) attenuated #4%7 7 F >

bhbiild GEREX MHEEL) audEFEX
S EE-EERY AT Y THIC Ag85A-, 85B-, MPBSI-
DNAZEALFTLWERLY 7 F 25 L7 (Table 1),

(7) vk MERNENRERITEFV
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SCID-PBL/hu (& FEEBE T 2+ VBIWEFN) & 8
W EE C BRI, SEEBAICERNRE MY
F-THERELRTHEENZ, © M EET7 25 O BREE
TFNERFELAEY ESAT-6RT7F FEFELSL, °h
WRHRMTHLAA2HESZRT e b 35— T 44
HTERSTZZLIWO TR LI (Table 1),

() FHLWEET 7 F rOBEKRER

2o, L rOBEREEFLIRLEVITIES
DH =2 4N (Nature Med 1996) D ERRYE 7N %
AV, HVI-liposome/HSP65 DNA+H-12DNA Y & 5 >,
TEBCGT 77, MB&Y ¥ /35 +BCGEET 7 F
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Table 2 The development of novel vaccines using cynomolgus monkey anti-tuberculosis effect of
HSP65DNA +IL-12 DNA vaccine, recombinant 72f BCG vaccine and 72f fusion protein+BCG

Immune

- . Prophylactic . lmprovement of responses
3‘::zfn¢:;stmct kind of TB effect against Survival lmpro;;!;ent of Jggre‘fgéﬁt chest Proliferative
M.TB y X-ray finding responses of
lymphocyte
(O HVI-liposome
JHSP65 DNA + ++ o+ + 4+ + + +++
IL-12 DNA vaccine
@ Recambm-a.nt 72f ++ ++ + + + +
BCG vaccine
{3)72f fusion protein
+ + + +
+BCG } ++ + + ++ +
@ Control (saling) - - - -
VOEWERBY, hor A FEMCIEREL, B BERLETHS I,
B4 BB P EKE Ednan bR 2 BREBRS L o -

7o tRE, fFiE, mik, WESXE, YREBIUFEFER
PR L 1 FUEEEBE L, ThoORTET 7T
VBT AEWNBY SRS LT b A
4 VA DOHEEIED ORI (Table 2)o F /4, WHX
PR, Mmoot EDR, tERLSOREHRFEDLL
iz, SHITESYHRLED LN, T4bh, HSP6S
DNA+IL-12DNA7 7 F R 58 B L (T2 BCGT 7
FrRERALENDR LR, Ag8SB-ESAT-6 BE ¥
¥ 232 & (Andersoni¥t 5) 72 T =7 7 4 W RIZ85A
DNA % A L7 7 # % > % 185B BCG (Horowitz 5) %
clinical trial A VREZE X N TWBEY LA LRSS,
BHEUNEDT S LWEKRIEAY 7 F rEHOERE L
T HSP65 DNA + IL-12DNA W 7 F ¥ ¥hiFoitd. &
bEHEIDELT, QHSP65 DNA+ IL-12DNAT7 7
Fv, @QIABCGT 2 F~, @72 fusimBEHT 7 F
(3 CI= phase I clinical trial) +BCGHRH BT b1,

% &

CheOFLVWEEY 2 F Y ORRBHELRE S 5
%+ WHO STOP TB Partnership # & U°F WHO STOP TB
VACCINE GROUP MEETING IZEH 2 hiz, bhivbh
@ HSP65 DNA+IL-12 DNA 7 7 F ¥ %  SEffi & i
{Table 1) Yt > ¥ —IFFRSFHER (L) BT
YaFntkrs—Thh), BEORBEBZEHOH 0%
DLHEET->TVAREERIFRES Y P77 %2H
v, HSP65 DNA + IL-12 DNA 7 7 F ¥ B & U 172f BCG
oo+ yORKEEZEEL TS,

i BTk HSP65S DNA + 1L-12 DNA, 172f BCG
BIXUTMRE S 7 PESPETRATREIEL
D, ched7sFrPEBORETHREERIIRYD

EA et REEER L vy — BRIt >
y—  HREL, ESETF, RLELTF, HAHEET,
EHHATF, KTERE, BHAET, MELE BAATE,
WOdA, Hlvn-oa, LBHRTF, MREEN, FL#
—, BAER, HEXE, BREX FBEEL, H—rv—
Fk ; Mulligan #3%, Leetdit, E#fK ; LH, KK, W
BaEL, BA SEHE, HA FREL, Corixaff
%¢F7;Reed, Skeiky, Gillis &1#+t, Leonard Wood BFFLHT; -
Gelber, Tan, Cruz &1+, Texas A&MAE ; McMumay
Bt s & o EFAHE. BESHHEFAENR - AR
EATREG Lk Rk sy A

X 0

1) MEET  BHBRELITA I/ Y. EZDH0 A
2004 (WA,

2) MELF  SEBEORERBIEIIFLLERE
SOMEBIMTLEE  [(HBEEFT7—TY ¥ /95K
BERBERCIIRBEHCEIS (BB F ¥
(h72=v b--DNA-+ VI X+ ¥ FBCGDY
F V) - LRREROERICLZH LR - T -
2], EERSHEREHEEARESE - RS
. 2004 ; 1-128.

3) Okada M, Tanaka T, Inoue Y, et al.: Novel (recombinant
BCG- and DNA-) vaccination against tuberculosis. Thirty-
Seventh Tuberculosis and Leprosy Research Conference.
2002 ; 171-175.

4) Okada M, Yoshimura N, Kaieda T, et al.: Establishment and
characterization of human T hybrid cells secreting immuno-
regulatory molecules. Pro Nat Acad Sci USA.1981;78:
7718-7721.
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The 79th Annual Meeting Symposium

CUTTING EDGE OF BASIC STUDY ON TUBERCULOSIS

Chairpersons: "Masao MITSUYAMA and *Kazuo KOBAYASHI

Abstract During the past two decades, we have observed
outstanding advance in tuberculosis research including im-
mune response, identification of antigensflligands of M.
tuberculosis and molecular mechanism of drug resistance.
Worldwide genome project enabled the whole genome
sequence of M. tuberculosis H37Rv and has provided a great
impact on the molecular genetics on virulence mechanism,
Extensive study by new members is greatly encouraged in our
country. Though the number of tuberculosis patients has
decreased comparing to some 50 years ago, there are new
concemns about the emergence of multi-drug resistant strains
and 2 possible increase due to the increase of immuno-
compromised population. Now the basic study on the
pathophysiology, virulence mechanism and vaccine develop-
ment are vrgently required.

* In this symposium, we have invited leading researchers in
the field of basic study of tuberculosis/M. ruberculosis in order
to provide general overview of the cutting edge of basic study.
Mycobacterium is rich in lipids or glycolipids that are quite
unique in both structure and biclogical activity, and they
contribute a lot to the pathophysiology of tuberculosis. Dr.
Ikuya Yano (Japan BCG) reviewed the major classes of
glycolipids and presented some applications to clinical and
bacteriological diagnosis. M.ruberculosis appear to have
various genes contributing to the slow growth, escape from
macrophage killing and persistence, however, almost nothing
has been clarified- yet. Dr. Sokichi Matsumoto (Osaka City
University) discovered MDP] as-a possible mycobacterial
factor responsible for slow growth. He mentioned that MDPI1
might be involved in the dormancy during the long course of
disease development after primary infection. Dr. Kazuyoshi
Kawakami (University of the Ryukyus) presented many inte-
resting data on the importance of various cytokines, especially
Thl cytokines, to resistance against experimental M. rubercu-
losis infection in mice obtained by using cytokine-knock out
mice. The relevance of animal data to clinical observation was
discussed. Thl-dependent cell-mediated immunity is regarded
as the most effective immune response in the protection. Dr,
Ikuo Kawamura (Kyoto University) émpioyed animal model
in which only viable BCG induces protective Thl cells while
killed BCG does not, and showed that the difference is due to
some proteinaceous factor release by viable BCG. He showed
preliminary data on the purification of such IFN- y-inducing
factor from the culture filtrate of M. tuberculosis. BCG is the
most widely employed live vaccine for tuberculosis in the
world, however, more effective and safe vaccine is requested
urgently because of the serious concern about the efficacy of
BCG vaccination. In Japan, Dr. Masaji Okada (Kinki-Chuo

Chest Medical Center) has been engaged actively in the
development of new tuberculosis vaccines. He showed basic
strategy for construction of new candidate vaccines and also
presented some preliminary data on the trial using monkeys.

1. Molecular characterization and immunological properties
of mycobacterial high molecular weight components: Yukiko
FUHTA and Ikuya YANG (fapan BCG Laboratory)

Mpycobacterial envelope contains a great variety of wax-like
high molecular weight lipids which contribute to its strong
hydrophobicity or acid-fasmess and also play crucial role
against host phagocytic cells at the early step of infection.
Cord factor (trehalose 6,6" -dimycolate) and the related myco-
loyl glycolipids are one of the most characteristic components
in mycobacteria and are recognized to be a key molecule for
pathogenicity and immunity. Recent progress of analytical
techniques such as MS or NMR reveal the molecular
structure-activity relationship. Lipoarabinomannan (LAM),
lipomannan (LM) and core phospholipids (PIMx) are recently
demonstrated to be one of the virlence factor, however some
of which are shown to be IL-12 producer and apoptosis
inducer. Mycobacterial suifolipids play important role as a
virulence factor together cord factor, but the mechanism
seems to differ from TDM. M.avium complex produce
serotype specific glycolipid (GPL) which suppresses the
humans T cell response. The core structure is unique and
carbohydrate shows high an.tigcnicity to determine serotypes.
Mycobacterial cell wall skeleton (CWS) plays the central role
for maintaining the rigid structure and shows antitumor or
infection prevention activities via the stimulation of innate
immunity. Although at the present, their molecular structure-
activity relationship is not fulty understood, above components
may play pivotal roles with the protein antigens for host
immune responses.

2. Molecular mechanism of M. neberculosis dormancy: Sokichi
MATSUMOTO (Department of Host Defense, School of
Medicine, Osaka City University)

Mycobacterium tuberculosis has remarkable ability to
persist in the human host and infects both macrophages and
nonprofessional phagocytes, such as alveolar epithelial cells.
Glycosaminoglycans are considered as the component of
mycobacterial adherence to epithelial cells. Mycobacterial
DNA-binding protein 1 (MDP1) is suggested one of key
molecules in latent infection. Here we show that extracellular
MDP1 promotes mycobacterial adherence to A549 human
lung epithelial cells through hyaluronan. Simultancous
treatment of intratracheal mycobacteria-infected mice with
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HA reduced the growth of bacteria in vivo. Taken together,
anti-MDP1 antibody or hyaluronan has potential as therapeutic
and prephylactic interventions in mycobacterial infection.

3. A host defense mechanism against Mycobacterium tuber-
culosis mediated by Thi-related cytokines : Kazuyoshi
KAWAKAMI (Division of Infectious Diseases, Department
of Internal Medicine, Graduate School and Faculty of
Medicine, University of the Ryukyus)

Th1-related cytokines play a central role in the host defense
to Mycobacterium tuberculosis infection. IL-12 is a key
cytokine for development of Thi cells and IL-18 potentiates
this response. Recently, two novel IEN-» -inducing cytokines,
IL-23 and IL-27, have been discovered, In a series of studies,
we demonstrated the important roles of IL-12p40 and IL-18 in
the host defense to this infection and proposed a possible host
protective mechanism mediated by IFN- ¢ which synthesis is
independent of IL-12, H.-18 and IL-23. Thus, host is likely
protected from M. tuberculosis infection by various Thi-
related cytokines in a more complicated manner.

4. Possible involvement of TLR2 ligand derived from M. bovis
BCG and M. tuberculosis to generate protective immunity by
inducing endogenocus IFN-y production: Ikuo KAWAMURA
(Department of Microbiology, Kyoto University Graduate
School of Medicing)

IFN-y plays a pivotal role for development of protective T
cells, and both IL-12 and IL-18 which are produced from
macrophages are necessary to induce IFN-y production. To
identify the mycobacterial factor contributing to the Thi
cytokine productions, we prepared a culture filtrate from 1d-
culture of M. bovis BCG and M. tuberculosis, and measured
the cytokine-inducing activity. These culture filtrates elicited
IL-12p40 production from peritoneal macrophages. They
could induce NF- « B activation in HEK293 cells expressing
TLR2 and the activity was sensitive to treatment with

501

proteinase K and heating. These results suggest that an early
secreted protein from BCG and M.tuberculosis activates
macrophages to produce IL-12 via TLR2 dependent pathway.
It is likely that this is a critical interaction between myco-
bacteria and macrophages for the generation of protective
immunity.

- 3. Establishment and evaluation of novel vaccine against

tuberculosis: Masaji OKADA (National Hospital Organi-
zation Kinki-Chuo Chest Medical Center, Clinical Research
Center)

HVI-liposome/HSP65 DNA+IL-12 DNA vaccination was
100 fold more efficient than BCG on the elimination of Myco-
bacterium tuberculosis (M.TB) in the BALB/c mice. Cytotoxic
T cells activity against M. TB was augmented. The reco-
mbinant {r) 72f BCG vaccine as well as HSP65+1IL-12 DNA
vaccine showed stronger anti-TB Immunity than BCG in the
mice, and guinea pigs. By using these new vaccines (HSP65
+IL-12 DNA, r72f BCG and 72f fusion protein +BCG) and
the cynomolgus monkey models which are very similar to
haman tuberculosis, the prophylactic effect of vaccines was
observed. Thus, these novel vaccines should provide a useful
toof for the prevention of human TB infection.
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