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Table 1 The development of novel vaccines for M. tuberculosis

1. DNA vaccine
HVIJ-liposome/HSP 65 DNA+IL-12 DNA

2. DNA vaccine
HVJ-Envelope/HSP 65 DNA+IL-12 DNA

3. Recombinant BCG vaccine
(1) recombinant 72f BCG

(2) recombinant (Ag85A +85B +MPB51) BCG

4. Therapeutic vaccine
IL-6 related DNA

5. Priming-Booster Method
BCG (priming) + Novel vaccine (booster)

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

extremely stronger effect than BCG

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

(mouse)

(cynomolgus monkey)

6. Novel vaccine (per os) using gene-knock out attenuated Listeria

7. Novel vectors

AAV vector (1000 fold effective expression vector 1 ), Adenovirus vector
— Selected as WHO STOP TB Partnership and WHO STOP TB Vaccines Working Group

guinea pig

mouse

Lo =

~

Vaccine Mouse G;iirgxea Monkey Human
HVIJ-liposome/ effective  effective effective  plan
HSP65 DNA + 100 fold
IL-12 DNA effective

than BCG
Tokyo
Vaccine
zecombinant effective  effective effective  plan

72f BCG

cynomolgus monkey

SCID-PBL/hu /
@/ human
PBL, z:i I ;15

Fig. 1 The development of novel vaccines for M. tuberculosis using animal models
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Fig. 2 Prophylactic efficacy of HVJ-liposome/HSP 65 DNA
+IL-12 DNA vaccine on TB-infected mice (5 weeks after TB
infection)
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Fig. 3 Induction of CD8*CTL against M. tuberculosis in the spleen cells from HVJ-liposome/HSP 65 DNA

+1L-12 DNA vaccine
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Fig. 4 Protocol
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Table 2 (A) Improvement of cynomolgus monkeys infected with M. tuberculosis
by the vaccination with HVJ-liposome/HSP 65 DNA +1L-12 DNA

Vaccine Number Survival Dead % survival
HVJ-liposome/ 4 2 2 50
HSP65 DNA +IL-12 DNA
BCG 4 2 2 50
Control (saline) 4 0 4 0

Table 2 (B) Improvement of Erythrocyte Sedimentation Rate (ESR) in the cynomolgus
monkeys immunized with HVJ-liposome/HSP 65 DNA +1IL-12 DNA

Statistical significance

Vaccine (nllinsx/llz'nr) Mean £ S.D  P.value compared to saline
group (Student t test)
2
HVJ-liposome/ 6
+
HSP65 DNA +IL-12 DNA 4 35+19 pP<0.01
2
22
BCG 2(2) 11.25 = 11.3 Not significant
1
50
: 14
Control (saline) 15 29.75 = 18.1
40
Proliferation of lymphocytes (S - I) Priming Booster
2 4 6 8 10 BCG vaccine DNA vaccine

Vaccine

HSP65 DNA + [§
IL-12DNA |

Control §

Fig. 5 Proliferation of peripheral blood lymphocytes
from cynomolgus monkey with vaccine
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Fig. 6 Novel prophylactic vaccine
(DNA vaccine against TB)
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The 81st Annual Meeting Educational Lecture

NOVEL VACCINES AGAINST M. TUBERCULOSIS

Masaji OKADA

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 two novel tuberculosis (TB) vaccines;
a DNA vaccine combination expressing mycobacterial heat
shock protein 65 (HSP 65) and interleukin-12 (IL-12) by using
the hemagglutinating virus of Japan (HVIJ)-liposome (HSP
65+1L-12/HV]). A mouse IL-12 expression vector (mIL-12
DNA) encoding single-chain IL-12 proteins comorised of p40
and p35 subunits were constructed. In 2 mouse model, a single
gene gun vaccination with the combination of HSP 65 DNA
and mIL-12 DNA provided a remarkably high degree of pro-
tection against challenge with virulent Mycobacterium tuber-
culosis ; bacterial numbers were 100 fold lower in the lungs
compared to BCG-vaccinated mice. To explore the clinical
use of the DNA vaccines, we evaluated HVJ-liposome encap-
sulated HAP 65 DNA and mIL-12 DNA (HSP 65+ mIL-12/

HVI). The HVI-liposome method improved the protective
efficacy of the HSP 65 DNA vaccine compared to gene gun
vaccination. This vaccine provide remarkable protective
efficacy in mouse and guinea pig models, as compared to the
current by available BCG vaccine. HSP 65+IL-12/HVJ
vaccine induced CD8+cytoxic T lymphocyte activity against
HSP 65 antigen. Protective efficacy of this vaccine was
associated with the emergence of IFN-y - secreting T cells and
activation of proliferative T cells as well as CTL induction
upon stimulation with the HSP 65 and antigens from M. tuber-
culosis, Furthermore, we extended our studies to a cynomol-
gus monkey model, which is currently the best animal model
of human tuberculosis, to evaluate the HSP 65+I1L-12/HVJ
vaccine. Vaccination with HSP 65+IL-12/HVJ provided
better protective efficacy as assessed by the Erythrocyte
Sedimentation Rate, chest X-ray findings, and immune
responses than BCG. Most importantly, HSP 65+1IL-12/HVJ
resulted in an increased survival for over a year. This is the
first report of successful DNA vaccination against M. tuber-
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culosis in the monkey model. Novel TB vaccines using the
monkey model will be discussed in this issue.

The development of novel vaccines against tuberculosis was
also studied in murine and cynomolgus monkey systems. Four
distinct methods ; DNA vaccination (1. plasmid, 2. adenovirus
vector, 3. adenoassouated virus), 4. recombinant BCG, and 5.
subunit (recombinant protein) were used for the development
of novel vaccines.

Genes (HSP 65 gene, IL-12 gene as well as Ag 85A-, 85B-.
MPB51-gene) and IL-6 related genes (IL-6 gene+IL-6R gene
+gp130 gene) were administered into the Balb/c mice infect-
ed (i.v. or intra-tracheal injection) with Mycobacterium tuber-
culosis (M. tuberculosis). Elimination of M.tuberculosis in
lungs, liver, and spleen of these mice and survival were studi-
ed in these models. HSP 65 gene+IL-12 gene vaccination, or
recombinant BCG (BA51 : Antigen 85B-+ Antigen 85A-+
MPBS51-gene recombinant BCG) were more prophylactically
efficient than parental BCG Tokyo vaccination. In contrast,
IL-6 related genes vaccination using adenovirus vector show-
ed therapeutic effect on M. tuberculosis infected mice. Cyto-
toxic T cells (CTL) activity against M. tuberculosis in the
spleen cells from mice treated with IL-6 related genes vacci-
nation were significantly augmented.

Furthermore, NOD-SCID-PBL/hu mice treated with anti-
IL-2 receptor f-chain antibody provide an useful tool for
analyzing in vivo human T cell immunity against tuberculosis.

In conclusion, we demonstrate the development of a novel
HVIJ-liposome DNA vaccine encapsulating HSP 65 DNA plus
IL-12 DNA. These results suggest that HSP 65+IL-12/HV]J
could be a promising candidate for a new tuberculosis DNA
vaccine, which is superior to the currently available BCG
vaccine. The goal of our study is to develop a new tuberculosis
vaccine superior to BCG. To this aim, we believe that the pro-
tective efficacy and protective immune responses for vaccine
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candidates should be addressed in larger animals, such as non-
human primates, before proceeding to human clinical trials.
Although other DNA vaccine candidates that appear to protect
against virulent M. tuberculosis in mice better than BCG have
failed to provide better protection than BCG in guinea pigs
against aerosol challenge of a low dose of virulent M. tubercu-
losis, some of them are being prepared to enter early human
clinical trials. More recently, we evaluated the HSP 65-+hIL-
12/HVJ vaccine in the cynomolgus monkey model, which is
currently the best non-human primate animal model of human
tuberculosis. Monkeys were subsequently challenged with
virulent M. tuberculosis by the intra-tracheal route after the
third vaccination. This challenge dose normally causes death
from acute respiratory infection within 4-6 months. In this
particular experiment, monkeys vaccinated with HSP 65+
hIL-12/HV] induced HSP 65-specific T-cell proliferation and
improvement of chest X-P findings, resulting in an increased
survival for over a year, superior to BCG group. Thus, we are
taking advantage of the availability of multiple animal models
(mouse, guinea pig, and monkey) to accumulate essential data
of the HVJ-liposome DNA vaccine, including the vaccine
efficacy and safety, for up-coming Phase I clinical trials.

Key words : TB vaccine, HSP 65 DNA +IL-12 DNA vaccine,
Recombinant BCG vaccine, Clinical application, Cytotoxic T
cells, Cynomolgus monkey
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