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summary

We have developed a novel tuberculosis (TB) vaccine ; a combination of the DNA vaccines expressing mycobac-
terial heat shock protein 65 (HSP65) and interleukin 12 (IL-12) delivered by the hemagglutinating virus of Japan
(HVJ)-liposome or-envelope (HSP65+1L—-12/HVJ). This vaccine provided remarkable protective efficacy in mouse
and guinea pig models compared to the BCG vaccine, on the basis of an induction of the CD8 positive CTL activity
against TB antigens and improvement of the histopathological tuberculosis lesions, respectively. The Elispot assay
showed that HSP65 +IL-12 DNA/ HVJ vaccine induced a greater number of IFN—y producing T cells than BCG in the
mouse model. Furthermore, we extended our studies to a cynomolgus monkey model, which is currently the best animal
model of human tuberculosis. This novel vaccine provided a higher level of the protective efficacy than BCG based upon
the assessment of mortality, the ESR, body weight, chest X-ray findings and immune responses (IFN—y, IL-2, IL-6
production , and lymphocyte proliferation of cynomolgus monkey). The combination of HSP65+1L-12/HVJ and
BCG by the priming-booster method showed a synergistic effect in the TB-infected cynomolgus monkey (100% sur-
vival). In contrast, 33% of monkeys from BCG Tokyo alone group were alive (33% survival). These data indicate that
our novel DNA vaccine might be useful against Mycobacterium tuberculosis for human clinical trials.

Key words——Mycobacterium Tuberculosis; HSP65 DNA +1L-12 DNA; Cytotoxic T-cell; Cynomologus monkey;
DNA vaccine and recombinant BCG
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Estimated TB incidence rates, 2005
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W 42K 4 A C L % Elispot Assay T H 202 L



RIH - BT L WY 7 I DBz

363

(CFU)

1.0E+87

Empty Vector

BCG

[l BCG Tokyo

[[] Empty vector/HVJ

1.0E+77

HVJ-liposome/
HSP65DNA+IL-12DNA

*

[] HSP65+mIL-12/HVJ

1.0E+67]

1.0E+5

* p<0.05,
Tukey-Kramer’s HSD
mean £ SD,n=5

5 Prophylactic efficacy of HVI-liposome/HSP65 DNA +IL-12 DNA vaccine in TB-infected mice (5Sweeks after TB infection)

Number of M. tuberculosis

7z,
3) BEF/ v 777 attenuated (5551k) &
KERWIREZT7F>

B HREEEBIE T /RIS THE b L - f e
D 7F VLT HHENRD L. Fxld (BREKX
IINHERE L) S DI, akt BB T A KRES MR
Y 259 7HIC Ag85A—, 85BB—, MPB51-DNA
HEALHLWEZET 7 F U mBR L. SOy
FUEREOT 7F v E L ULHTE AR S038 5.

4) FKarBERLA, FLOWEEDI7F>

U7 F A%, Bibon <, fS%E O HSP6S &
WO A B EREN R EGO LB EDOHHA
Z—14F-12 #{E5HEET (DNA) Z{E4td
HDNATZFVEMEINSELDTHS. HVI W
AV ADBEFIF L T DNA Z (AP OMPIIC %D
AATINGD/AESBAIELE, MW FREIG
DiFEE -7, TOFLWT 7 F VISR
RLEELEZOLN TS (FEZEICHT %) CD8
Bt — T MO 5L 2L 7. X 5I1C IFN-
y BEAE T MR O 5 Ak % R L 7.

X ADFERR T ANCH T I F R L
%, fEEEY RS, SHEMBOREE O A
Nz, ThHE, FIVTFUEEREL I ADEK
X BCG #REDO~ Y ADF 1 T4 D 1 TRIEZ I 2
ODNARER -7z, EHIT, BB LD BCG &z
L TrOHY 75V adIo b, W1 50
1 E T2z 6N T

3. iLLWE MEKAMBEREERITET L
SCID-PBL/hu
bbb FIZ BRI TH % L 7= SCID-PBL/
hu DR THREBEESE Y /3 Bk % SCID ¥ 7 AICAEHE
S, MEE 2 VN BICERNEE ST
A E 2 R TIE IR 7, AN E F RERITT T
V(b FEET 7 FURREBNET V) AR

7-6,7,9)

VI. #&&77F.DRE

1. FLWEET 7 F > ORKIGA

Hh =27 A9 (cynomolgus monkey, bt D
%S B4\ B )L, Nature Medicine 2, 430, 1996
ZIR) &\ BCG L0 L350 NETFHY 7
FURR (AR, ik, #HE, oMk %rd
Ty F T REmERERELY. bbb, BERGA
N7z o L L THV] URY — A /HSP65 DNA +
IL-12 DNA 7 7 F 2/ U8, r72f BCG 7 7 F 2/ 73
HFons (K2). $habb, h=Z7 4T )LIC3
B 7 % 3 EER T 7o mERIELD,
45ERIBICE FEZE TV F < V¥R 5% 102 CFU #%
RUERTEA L7z, HE, h=7 AP TR G,
19T, aviha—VEE (EREGH) Tid4pms
4TLFET (0% 4:1F). HSP65 DNA+IL-12 DNA 7/
7 F USRS, 4vud 2 TRAAE (502 A4 AF) ,
172f BCG 7 7 F/C 4 Jrph 3 PEAAF (T5%44F),
HEfFwBD, ThHOT 7 F VHREF IO LX)



364

HARERK =

25k (Vol. 31 No. 5)

(A)

%% Specific Cytotoxicity (E/T ratio 50:1)

Effector lymphocytes Treatment of Target cells: J774. 1macrophages phagocytosed M. tuberculosis
from mice vaccinated with  Elffector cells 0 2 4 6 8
Naive ) [ :
BCG )
IgHspB5+mIL-12HVJ -)
IgHsp65+mIL-12/HVJ Anti-CD8Ab+C
IgHsp65+miL-12HVJ Anti-CD4Ab+C

IgHspB5+mIL-12HVJ  Anti-Thy1 2Ab+C

B)

% Spacific Cytotoxicity (E/T ratio 50:1)

Effector lymphocytes Treatment of Target cells. P815 transfected with Hsp65 DNA
from mice vaccinated with  Elfector cells ¢ 2 4 6 8
Naive © ’ i
BCG )
IgHsp65+mIL-12/HVJ )
IgHsp65+mIL-12/HVJ Anti-CD8Ab+C
IgHsp65+mIL-12/HVJ Anti-CD4Ab+C

IgHsp65+mIL-12/HVJ Anti-Thy1.2Ab+C

X 6 Induction of CD8* CTL against M. tuberculosis in the spleen cells from HVJ-liposome/HSP65 DNA +IL—-12 DNA vaccine

F4 HVIJ-UKY—L/HSP65 DNA+IL—12 DNA Ff57
7 F VBT KB RBER = 7 A PIVAEAFRIEG R

I F AT ET BEFE
HVJ-liposome/HSP65 4 2 2 50%
DNA +1L-12DNA
BCG 4 2 2 50%
A 4 0 4 0%

TROIY (F4). $abb, HVI UERY —4/
HSP65DNA + IL-12DNA T 7 5V #5112 L %
R = 7 A FIVEFERGED R e B (E
4). % 7=, HSP65DNA +IL-12DNA 7 7 F /1 Ifil
WHENREEEEZY L > TOURLZ (ES). &6
2, COT7FUEES LI 7 AYIVTHE, O
vV a—)UBRCRE L AEZE (P<0.01) #d - T,

HSP65 HLIFICHK L, M mISZ2 R L 72 ()7,
8). Ag85B-ESAT-6 & %/ /%7'E (Anderson &
+56) dEIN TSR, BTy b, FIVTIE
ZHEAIAH T 5. — 7 Huygen O Ag85A DNA
TIFVERTA BTy FTHERITH - 7203y
WORBBR T LB Throizb v,

NG/ N\ Ty VI rFY, TV
T AV AIZ 8SADNA HEA LT 7 F VR
r85B BCG (Horowitz &) (%28 I #H clinical trial &
o TWAM. A HIllDr. 507 73 =774 )
A—8ADNA U7 F /i, 77 UNTOE—H

%5 HVI-URY—L/HSP65 DNA +IL-12 DNA Ff7 2~
F N K DREREY T = 7 A TV D IR SGERD R

Ty L ERR TR
J7F (mm /hr) T +S.D KT HLEEERT
(Student t test)
2
HVJ-liposome 6
/HSP65 DNA 3.5+1.9 P<0.01
+1L-12DNA 4
2
22
BCG 20 11.25+11.3 EEELL
1
50
14
R s 29.75+18.1
40

clinical trial Ti%, 85A DNA & [IZ x4 5 HiEIE
LW RO BNz, B UTNKRDOT 5 & WERIKIG
R 7 F U ER O & LT HSP65 DNA +1L-12
DNADUZF VBB TFENAS., Vav/EF U/ F
T2fBCG 4 BERTH 5. IHIT, Dhbhit
HSP65 DNA +IL-12DNA 7 7 /2y a3/ b5
VT2 BCG U7 F U R AAGDY, WO THT)
7 F VR A HEL T 557,
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Protocol

TB Erdman 5x102

3w _ 3w aw |

intratracheal
instillation

r 1T 1

*HVJ-liposome-
Hsp65/1L-12

1)) (ERI8TE R G TFHIS L

2 4 6 8
DoF

HSPEEDNA +
IL-12DNA

avka—iL

X8 DrFUEGEANZ T AYIVORMY v EREE G

2. 77435 —-T7—R5 =% (3L BCG-
A HVJ/HSP65 DNA +IL-12 DNA 7 %7 F
>)

SIHICBCGI 7 F VU HTITALL, FILWT Y

F VT —AZ =L hERRHW., COTT54 3
V=T = AR =T 100% DA AR L7122 (K
9). —7J, BCG U7 F v BEMPE5REL 335 D4FF
RThHorc®., TOXDIC, b FOBEREICRD
FNH =7 A F)a W= EBRRT, Il v
T 7 F 0 e o I FIT BRI CRAR L /o, ¢
bbb, AIMTIIALEIC BCGEREAEZOT D
NTWHIEICEY, TI5AIV/ 7T 7F /LT
BCG V7 F v\, AT 7 Fv (R, B

X7

N—

-/

1 year

ESR
Body Weight
Chest X-P

Immune Responses

Survival

A, BAN) ELTUNROT % EWFx BBz L 7z
CODNADU Y F U T—AZ—="07F /L TH
WAHZ EIZRY, BmAUEHL WY 7 I ORFK
JERPATRE &7 AR T EtEF ThH 5 (K 10).

VII. Stop TB Partnership

TB VACCINE PIPELINE (New TB Vaccine
Working Group, November 2007) & L "C, Stop TB
Partnership (WHO) % 2008 42 A 7 HIC B
AT, L2SBERISHICEE B L\ WY 7 F
VEAFEDOY AN mFEKL .

# %« © HVJ/HSP65 DNA + IL-12 DNA J 7
VAHBEMO—D L L TXOHRICHRIN TV S (£
5,.6,7).

2006-2015 4 Global Plan to Stop TB & L TH L
WHRN SRS 7 I BilFg.

2050 4F-F TICHEZEBER. 728 WHO OHIETH 5.

INBEDT 7 F VT OWTHIET 5.

1. BEIDI7FDFEE
(1)
(2)
(3)
(4)

Prevent infection

Prevent disease

Prevent reactivation of latent TB infection
Shorten the course and improve the response

to chemotherapy
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(A) TB Erdman 5x10? Fik
'S4 L T—Re— HRIPEA xE
¢ HOERX R
R
rzs
(B) m— G1:BCG Tokyo + HVJ-liposome/Hsp65 DNA + IL-12 DNA
G2:HVJ-liposome/Hsp65 DNA + IL-12 DNA + BCG(Tokyo)boost
mwwws G3:HVJ-liposome/Hsp65+IL-12 DNA
= G4:BCG Tokyo
= G5:Saline
BCG—HVJ/DNA
ﬁ HVJ/DNA
60
#H Saline
g HVJ/DNA—BCG
e BCG
20
1 B

T T T
50 100 150 200

T T 1
250 300 350

K9 b ORI S ENHT =7 AV W-DOK Hsp65 BH% 21— F 95 DNA # iV 7=. HVI-U R — A /HSP-65

DNA +IL-12 DNA 'V 7 5 O#E% T B &b R

-~

~ HSP65 DNA + IL-12
HVJ-ToR0—7

BLA
xiE

N
X%
et

M10 HLWREETIY 75V (%) (DNATZFV)

2. =Oo0hTIN-ICRET7FEH%ESH
5

(1) Priming, Pre-Exposure

(2) Boosting, Pre-Exposure

(3) Post Exposure-Immunotherapy
VII. & H Y [C

HSP65 DNA +IL-12 DNA/HVJ T/ RA—7"
JFVBHOEPICISNTHAH I EICZED, TOY
7 F UV IREEDFERE TR MBI D AR B 72
5.

CNHOWGEL, FEATEIE, A% R A
B BT - FPEURGUERT SRS, SRR 5E

#,

1)

2)

3)

4)

5)

6)

7)

KEFEE T 2FIC LD T 7.
X

47 - K58 0 T TREERES - Eakt
FWROTY - BEEFAOHE” (5T T
BRER e SMR) . AD R, pp. 150-161,
2003.

MIH 2R, Hbmdk, BT MRRRGE -
FL WY 7 FV OBRS [ REGYRERAE D %
THRE—EELREGEOS T OLE .
Molecular Medicine 39 : 144-154, 2002.

Flynn, J. L., Chan, J. : Immunologyof Tuber-
culosis. Annu. Rev. Immunol. 19 :93-129,
2001.

Schluger, N. W., Rom, W. N. : The host im-
mune response to tuberculosis. Am J Respir
Crit Care Med. 157 : 679-691, 1998.

M4 B L WY 7 V. RS
57 : 1942-1952, 2002.

e FH 42 7] JEL AR 57 BBk i 70 B Rl B 6 SE AR
S PHEEEE, CRREE ORI
DL H R BIREE ORI 058 @ (BT
T 7 —T U VSR - fERGERICKS
WREMHICE SRy 7T (W72
F-+-DNA-- VavEF V| BCG-U 7 F
V) ALFERERI OB LA L ViR - T
b5 - 22WrE=]”, pp. 1-140, 2004.

Okada M, Tanaka T, Inoue Y, et al.: Novel
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A. Priming, Pre-Exposure
1. Phase I : B{{F-2008 £
rBCG30
rBCG304 ureC : Hly (VPM1002)
AERAS-407
rBCG30ARMF, rBCG Mtb B30, rBCG h IFNy
Nas L3/Htk BCG
mc26220, mc26221, mc26222, mc26231
. mc?5059
2. Phase I 2009 or Later
a. HBHA (heparin—binding haemagglutinin)

wme oo TP

c. Attenuated Live Vaccine based on Phop
b. paBCG (pro—apoptotic BCG)

FE

YavEJF v 85B BCG

Jav b J | listeriolysin BCG

) a5/ | perfringiolysin

Javbes+ v 85B BCG

EHEIR ™ 7 5/ [heat killed whole BCG T1-X v/ /\—4" U/ ¥k
nor—replicating, M. Tuberculosis strain (4lys A 4 pan CD)
replicating pro—apoptotic M. bovis BCG £ (4dnuo G)

AF )AL 21-K Da ZEH
ekt M5 (virulence gene @ pho P ONEM:)
anti—apoptotic F R IE M % 55

7

B. BOOSTING, PRE-Exposure
1. Phase I : Bif£-2008 5%
a. MVASSA
b. M72
c. AERAS-402

d. SSI Hybrid-1
e. SSI HyVac4/AERAS-404
f. AERAS-405

g. 130
h. Nas L3/Htk BCG
2. Phase I : 2009 or Later
a. Hsp C™ TB Vaccine
b. HBHA (heparin-binding haemagglutinin)
c. NasL;/AMS85B conjugate

d. PPI, PP2, PP3
f. AC,SGL Diacylated Sulfoglycolipids
g. HVJ-liposome/Hsp65 DNA +1L-12 DNA

i

JavEF v b MVA (Ag85A #FHLL /o)

Mtb32 +Mtb29 @ fusion & [

Replication—incompetent adenovirus 35 vector expressing M. Tubercu-
losis antigens Ag85A, Ag85B, and TB 10.4.

fusion ZE [ (Ag85B-ESAT-6)

fusion &4 (Ag85B-TB10.4)

Shigella—delivered recombinant double-stranded RNA nucleocapsid
(Ag85A, 85B, Rv3407, latency antigen)

Javbed v/ Ag85B EH

Heat shock protein antigen complexes (Hsp Cs)

Nasal vaccine/Man capped

Arabinomonnan oligosaccharide

BCG boosting

AC, SGL Mycobacterial lipids

M. Okada, FESZRBEBRET S R g i it 2 —

(recombinant BCG- and DNA-) vaccination

press).

against tuberculosis. Thirty-Seventh Tuberculo- 11) Akira, S.:Toll-like receptor and innate im-
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9) MM : HEEGEYA A4V BEFOS al. : An Antimicrobial activity of cytolytic T
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HEBRE (BEHRFEHBD. pp. 209-213, 2004. 125, 1998.
10) MH%ER &7 7F V. & 4l (&= 14) Tanaka, F., Abe, M., Akiyoshi, T., et al. : The

b (e JRFE, M R—) 2004 (in

anti-human tumor effect and generation of
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C. POST EXPOSURE-Immunotherapy
1. Phase I : B#£-2008 4F i

2.

a. Mycobacterium vaccae Heat—Killed
b. MVASSA
c. RUTI
d. Nas L3/Htk BCG
Phase I : 2009 or Later

tein

sion protein

a. NasL;/AMS85B conjugate

b. hspDNA vaccine

c. HGS856A

d. HBHA (heparin-binding haemagglutinin)
e. HGS856-BCG

f. HG856-SeV

g. TB Vax

h. F36, F727

i. Mycobacterium vaccae Heat—Killed
j. Ac,SGL Diacylated Sulfoglycolipid

Fragmented M. Tuberculosis cells

naked hsp 65 DNA vaccine
Chimeric ESAT6/Ag 85A DNA 7 7 F/

Recombinant BCG overexpressing chimeric ESAT6/Ag85A fusion pro-
Recombinant Sendai virus overexpressing chimeric ESAT6/Ag85A fu-

Epitope-based DNA—prime/peptide—boost vaccine. (liposome & CpG
TV a/NV )

15)

16)
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