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Fig. 1 The development of novel vaccines for M. tuberculosis using animal models
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Fig. 2 Induction of cytotoxic T cells and killing mechanism
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Table 1 Induction of decrease in TB number in vivo and CTL differentiation by 15K Granulysin and 9K Granulysin
Granulysin expression in CD8'T
Two kinds . Decrease in TB Inductlor} of Proliferation IFN-y Patients with Patients with
of Granulysin number CTL against of T cells roduction MDR-TB Drug-
Function TB against TB P sensitive TB
. ++
15K Granulysin (strong augmentation) ++ ++ ++ Id N2
. +
9K Granulysin ++ (augmentation) + ++ N.D N.D

++; strong augmentation, + ; augmentation
Il ; strong suppression, | ; suppression

38 =T7 41 XD M IZRMHE, Mg NORBLRIZ
HH2 granulysin SE/ 3 4720 & b b, bhvbhid
MBEE, FICEAMEAREETIEF T — T V283K
O mRNADFEBB L OCEHOFERIMET LB L
FHLMILZWY, b, bhivbhids s — TH
il @ granulysin (4 F 3 9000) B AL~ A3 % i 1 45 1%
BIEERELHENDHLDTIE VN LEEZTWD,

—7, granulysin23¥ 7 — THLIHFD—>TH 5 Z
ERFERL, =7 A TRIZIGEM R 2R L7z (RRFFITUS) o
granulysin @ F3EA~ T X Z B L 72,

V. HILLWEZT 7 F > (HSP65 DNAIL-12 DNA
79 F >, granulysin 77 F %) B

WK rF o, O 7=y b7 25, @DNA
JrFr, @)IYEF T FBCGT 7 F v (WAL
Bz ad), ZoMcKEhs,

(1) DNATZF > :BCGT 27 F k15w
MBI 2 F v

XU ADKMBYERTIEBCGT 7 F ¥ 213502 H
BILHLOBEET 7 F Vid&boThiv, bivbh
I3 Hsp65 DNA+IL-12 DNA (HV]- L ¥ RXUT — 7 X7 ¥
=) DI IFVIIBCGT 7 F Y ED D 1 HE®RI A
M¥Bio s+ Tdhb e 2 IRITERTTHL ML
726

Z ® HVI-T ¥ X1 — 7/HSP65 DNA+IL-12 DNA 77
7F VTR ARRELTCHBR ARG T5L, v T A
i DAL EMASBCG T 7 F V5D 155D 1 DT &
otz TNE1FEMITE VI,

BB, MBWICHT 5 CD8kEMEF 5 — T4
ILFEELWIR L7z COMPDBT 7 F U/ RiREFT—
THEEAHBE L7z 72 TR MR D5 LEEE, IEN-y B
HEORMEZOT 7 F 05T 52 E LT L7,

ZOHLWEAET 7 F v ORI E Gl S R,
WHO STOP TB Partnership 3 & U8 WHO STOP TB WGND
(Working Group on New Drugs) (231 S 7z,

(2) Vary¥+ >y FBCGT 7T~

Table 2 Therapeutic efficacy against tuberculosis
by 15K granulysin Transgenic mice and 9K granu-
lysin Transgenic mice

Tg mouse CFU of TB (log)
15K Granulysin Tg mouse 5.3+0.1%*
wild type C57BL/6 mouse 59£0.2
9K Granulysin Tg mouse 5.8+0.4%
wild type C57BL/6 mouse 6.7£0.2
Secreted 9K Granulysin Tg mouse 5.7+0.6*
wild type C57BL/6 mouse 6.7£0.2

CFU; Colony Forming Unit
*; significant (P<<0.05) by Student’s Test

BCGHIIWIZ, it D@ETEEALY IV EF ¥
M BCGZ1EB L7z, bbb itid Ag85A+ Ag85B+MPB
513 ¥F > BCGIXBCG &Y bl 75T
HHIEEWS,PIZLEY,

EBIE, BTy T FUTHADO LNV TS
PR RAE SNz MIbT2f @A ¥~ 787 D DNA %
WALZT720Y 2 ¥F ¥k BCCOVERIZIE I L7z &
DA BCGT 7 F VIV NV THRBETF R EZR L
(Fig. D%

(3) granulysin 7 77 F >~ (Table 1, Table 2)

F T — THIRLER R R I C R @ & 25207
(Fig. 2) o granulysin 2& [1 58 Bl & £ #1445 4% < R 99 S8
B OHIRTERE D PBL O%332 il H O THET L 720
Z DAERIL-6, TFN-y, IL2DF T — THIKL LK T
AT 7 { granulysin (15K Granulysin) O KT % 7280
72191,

X 512b b 15K Granulysin 5 CD8 " ¥ 5 — T
far b EHESWEN, B FOMGICHEEAD, MgHD
A R W R 2 % N B AR <51 2
G 1% 3 PBL A @ CD8 B Mk THINE @ 15K Granulysin #
FH%EH & mRNADOBEHIZHFE ALY DARICIKTLT
W72 (Table 1) & 512, ZAIHMERAZEE PBLHO
CD 8 P THINE @ 15K Granulysin & 13§ 3 & mRNA ©
BBUL, HEAZ2DL-T, BREZIEHRBEZOZNS
IO BT LT/ (Table 1o F72, ZHIMIERER
% @ PBL % PHA-P, ConA, 7 2 #iJ5 (CESS), PPDHi
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JECTHIES % &, 15K Granulysin D538 LA~ D55
PETLTWEZ 2P 5HIZ L7 (Table 1o

15K Granulysin O {5 T8 A~ 7 & & 9K granulysin &
RFEAI T AR ZNENER L, in vivo DFUHEAEH
ZENT L 720 Table 21278 L 72 2 & <, 15K Granulysin
transgenic (Tg) <7 A DFEFL R &G 4 5[] O IhiAs 1% i
# (CFU) 13 wild type ¥ ™7 A2 L TR T 2530 51

Kit% HE85% 5 6 5 20104F 6 A

=o F 729K Granulysin Tg~ 7 Z DO PR £L D wild
type ¥ 7 AN L THRT LT/ (Table 2)o & 5
2, TNHD 2250 Tg~ ™7 A (15K Granulysin Tg & 9K
Granulysin Tg) | invivo D ¥ 7 — T#HE (I3 %)
DEEGR, FEAZIT0T B T 5 DS 0 3 3 R° IFN-
PEAEDORRSEZ /R L72e ShODAEKMIZEIT 215K
Granulysin & 9K Granulysin O f5 % &G4 103 5 &2 134

Table 3

A. Priming, Pre-Exposure

1. Phase I: BIfF—2008 4
a. rBCG30
b. rBCG30AureC: Hly (VPM1002)
c. AERAS-407

LhEE

Var¥Jr b85BBCG

V) 3 ¥~ b listeriolysin BCG
V) 3 ¥ ¥ | perfringiolysin

d. -BCG30ARMF, rBCG Mtb B30, rBCG h IFNy ) a ¥ 85BBCG

e. Nas L3/Htk BCG
f. mc® 6220, me® 6221, me” 6222, me” 6231
2. mc”5059

2. Phase I 2009 or Later
a. HBHA (heparin-binding haemagglutinin)
b. Attenuated Live Vaccine based on Phop
c. paBCG (pro-apoptotic BCG)

SRS 7 F ~ [heat killed whole BCG X ¥ /N—7 VR
nor-replicating, M. tuberculosis strain ( A lys A A pan CD)
replicating pro-apoptotic M. bovis BCG £ (A nuoG)

A F VAL 21-K Da &

ggefbe MEERZE  (virulence gene @ pho P DANEE)
anti-apoptotic B F2 15 M & I 5%

B. Boosting, Pre-Exposure
1. Phase I: BIZE—2008 4%
a. MVAS5A
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. NasL3/AMS85B conjugate
d. PP1, PP2, PP3
f. AC,SGL Diacylated Sulfoglycolipids
g. HVJ-liposome/Hsp65 DNA +1L-12 DNA

LR aE

Yar¥F v h MVA (Ag85A 258 L 72)

Mtb32+Mtb29 ® fusion & I

Replication-incompetent adenovirus 35 vector expressing M. tuberculosis
antigens Ag85A,

Ag85B, and TB 10.4.

fusion &1 (Ag85B-ESAT-6)

fusion 41 (Ag85B-TB10.4)

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

)arEF b Ag85BEH

Heat shock protein antigen complexes (Hsp Cs)

Nasal vaccine/Man capped

Arabinomonnan oligosaccharide

BCG boosting

AC; SGL Mycobacterial lipids

M.Okada, [E[ 3755 B BRI 3 rh e g i Bk > & —

C. Post Exposure — Immunotherapy
1. Phase I: BIfE—2008 4
a. Mycobacterium vaccae Heat-Killed
b. MVASSA
c. RUTI
d. Nas L3/Htk BCG
2. Phase I: 2009 or Later
a. NasL3/AMS85B conjugate
b. hspDNA vaccine
c. HG856A
d. HBHA (heparin-binding haemagglutinin)
e. HG856-BCG
f. HG856-SeV
g. TB Vax
h. F36, F727
i. Mycobacterium vaccae Heat-Killed
j- Ac2SGL Diacylated Sulfoglycolipid

Lo

Fragmented M. tuberculosis cells

naked hsp 65 DNA vaccine

Chimeric ESAT6/Ag 8SADNA 7 7 F ~

Recombinant BCG overexpressing chimeric ESAT6/Ag85A fusion protein
Recombinant Sendai virus overexpressing chimeric ESAT6/Ag85A fusion protein
Epitope-based DNA-prime/peptide-boost vaccine. (liposome & CpG 7 ¥ 2./8 > M)
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@ Survival = 60]
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Fig. 5 Therapeutic effect of HVJ-Envelope/HSP 65 DNA +1L-12DNA vaccine on TB-infected

cynomolgus monkeys
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Current Topics

ANTI-TUBERCULOSIS IMMUNITY BY CYTOTOXIC T CELLS - GRANULYSIN
AND THE DEVELOPMENT OF NOVEL VACCINES
(HSP-65 DNA+IL-12 DNA)

Masaji OKADA and Yoko KITA

Abstract CDC and ACET in U.S.A. reported that novel
vaccines instead of BCG are required for the protection
against infection of Mycobacterium tuberculosis worldwide.
However, no novel vaccine for clinical use has not yet been
developed in the world including U.S.A. and Europe.

We have developed a novel tuberculosis (TB) vaccine; a
combination of the DNA vaccines expressing mycobacterial
heat shock protein 65 (HSP65) and interleukin 12 (IL-12)
delivered by the hemagglutinating virus of Japan (HVJ)-
envelope and -liposome (HSP65+IL-12/HVJ). This vaccine
provided remarkable protective efficacy in mouse compared to
the BCG vaccine on the basis of C.F.U of number of TB,
survival, an induction of the CD8 positive CTL activity and
improvement of the histopathological tuberculosis lesions.
This vaccine also provided therapeutic efficacy against multi-
drug resistant TB (MDR-TB) and extremely drug resistant TB
(XDR-TB) in murine models. 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. Furthermore,
the BCG priming and HSP65-+1L-12/HVJ vaccine (booster)

by the priming-booster method showed a synergistic effect
in the TB-infected cynomolgus monkey (100% survival).
Furthermore, this vaccine exerted therapeutic efficacy (100%
survival) and augmentation of immune responses in the TB-
infected monkeys. These data indicate that our novel DNA
vaccine might be useful against Mycobacterium tuberculosis
including XDR-TB and MDR-TB for human therapeutic
clinical trials.

The review also provides recent advances of the precise
studies of induction of immunity including CDS8 positive
cytotoxic T cells and effector molecules such as granulysin by
these vaccines, against multi-drug resistant tuberculosis and
extremely drug resistant tuberculosis.

Key words: Killer T cell, Granulysin, New TB vaccine
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