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Figure 1. Construction of DNA vaccine for clinical trial. HVJ-Envelope/

| HSP65DNA + IL-12DNA vaccine was constructed for GMP-level-vaccine
which contains two kinds of DNA in one plasmid vector (pVAX1) for

| clinical prophylactic trial.

vaccine was investigated using monkey models. In vivo human-
ized immune models of IL-2 receptor y-chain disrupted NOD-
SCID mice constructed with human PBL (SCID-PBL/hu)
provide a useful tool for investigating human immune responses
activated by vaccine.** Transgenic mice which contain the com-
ponents of vaccine also provide a lot of information about novel
TB vaccines. Therefore, using cynomolgus monkey model,

SCID-PBL/hu mice model and transgenic mice model, we have
developed several kinds of novel vaccines against TB.

Granulysin, a member of the saposin-like protein fam-
ily, colocalizes with perforin and granzymes in the cytolytic
granules of human CTL and NK cells, has cytotoxic activity
against intracellular pathogens in infected cells in the presence
of perforin and has a cytotoxic effect against tumor cells.®®
The granulysin is expressed in human CD8 positive cytotoxic
T cells and NK cells. It has been suggested that the granuly-
sin has the function of in vitro cytotoxic activity against M.
tuberculosis outside the macrophage cells, and contributes the
in vitro reduction of M. tuberculosis in the macrophage in the
presence of perforin.” However, the precise role of granulysin
in the in vivo defense for the tuberculosis infection has not
been elucidated yet. Therefore, we have established 15 K and
9 K granulysin transgenic mice to elucidate in vivo role of gra-
nulysin and to develop novel vaccines against the infection of
M. tuberculosis. These 15 K granulysin transgenic mice and 9
K granulysin transgenic mice showed in vivo anti TB effect.
This is the first demonstration of an in vivo action of granu-
lysin for TB using granulysin transgenic mice. We have also
developed novel TB vaccine of HV]-Envelope/HSP65 DNA +
IL-12 DNA.>?!° Therefore, these findings suggest that granu-
lysin or granulysin DNA may be useful as-a TB vaccine, in the
combination of other DNA vaccine.

Results

Cynomolgus monkey model. The prophylactic efficacy of HV]-
Envelope/Hsp65 DNA-+ IL-12 DNA vaccine against TB was
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Figure 2. Evaluation of prophylactic efficacy of HVJ-Envelop/HSP65DNA + IL-12DNA vaccine on the infection of cynomolgus monkeys. Protective ef-
ficacy of HSP65 + IL-12/HVJ and BCG using prime-boost method against TB challenged cynomolgus monkeys. Group of animals were vaccinated three
times (every 3 weeks) with (1°) BCG Tokyo, (2°) HSP65 + IL-12/HVJ, (3°) HSP65 + IL-12/HV] = G,. BCG prime-HVJ/DNA boost group; (1°) BCG, (2°) saline, (3°)
saline =G,. G, group animals were vaccinated with BCG once; (1°) saline, (2°) saline, (3°) saline = G,. 4 month after the prime BCG vaccine, 2° vaccine

was immunized. 3 weeks after the 2° vaccine, 3° vaccine was treated. One month after the third vaccination, monkeys were challenged with the M.
tuberculosis (5 x 10 CFU) by intratracheal instillation. Prophylactic efficacy was evaluated by survival periods, erythrocyte sedimentation rate (ESR),
body weight, chest X-rays, immune responses and DTH reaction against PPD for 16 months.
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investigated using GMP-level-vaccine which contains two kinds
of DNA in one plasmid vector for clinical trial (Fig. 1).

Long-term interval model (4 months) between prime and
boost vaccinations was used in this study prior to intratracheal
instillation of the challenge dose (Fig. 2).

In Groupl (BCG prime—DNA vaccine boost) monkeys, the
regimen of vaccines improved ESR, compared to the regimen of
Group3 (saline control group) or that of Group2 (BCG alone
control group) (Fig. 3).

This vaccination method (BCG prime—DNA vaccine boost)
also increased the body weight of 4 TB-infected monkeys out
of 5 in Groupl as shown in Figure 4. In contrast, 2 monkeys in
Group3 (saline) or 2 monkeys in Group2 (BCG alone) showed
the decrease in body weight after the infection of TB.

The proliferation of PBL from monkeys in the base-line period
was almost same among these G, G, and G, groups. However,
proliferation of PBL from monkeys in G, group, (BCG prime-
DNA vaccine boost group), was higher than those in G, (BCG
alone group) and G, (saline control group) at 4 weeks after third
vaccinations (G,-G;: p < 0.05) (Fig. 5).

Furthermore, IFNYy production from PBL in G, group (BCG
prime-DNA vaccine boost group) was higher than those in G,
(BCG alone group) and G . (saline control group) (data not
shown).

By using long-term prime-boost method and vector contain-
ing two kinds of genes in one plasmid, the most reproducible
and prophylactic efficacy based on the prolongation of survival
was observed in Groupl monkeys (BCG prime-DNA boost, Fig.
6). The combination of BCG prime and DNA vaccine boost
improved the survival (100% at 230 days and 80% at 360 days
after TB challenge, respectively). In contrast, BCG vaccine alone
in G, group monkeys showed 60% survival at 355 days and 40%
survival at 360 days. The treatment of saline (G,) showed 50%
survival at 360 days. '

Thus, even using the experimental model of long-term inter-
val (4 months interval) between prime period and boost period,
we could observe the prophylactic efficacy of this BCG prime-
HV]J-Envelope/Hsp65 DNA + IL-12 DNA vaccine in monkeys.

Transgenic mice model. The granulysin expression in the
CD3*CD8'CD4" PBL-T cells of the patients with drug sensitive
TB and MDR-TB was significantly lower than that of normal
volunteer (data not shown).

We also analyzed the 15 K granulysin in the culture superna-
tants of PBL from patients with MDR-TB and healthy volunteer.
The amounts of 15 K granulysin were measured after the stimu-
lation with PPD, Hsp65 protein and killed TB H37Ra antigen.
The production of 15 K granulysin was suppressed in the culture
supernatants of PBL from patients with MDR-TB, compared to
that from healthy volunteer (data not shown). Thus, it was sug-
gested that granulysin treatment might improve the tuberculosis
disease in human.

Therefore, to elucidate the in vivo mechanism of granulysin,
we have established granulysin transgenic mice. We established
eleven distinct transgenic mice including 15 K granulysin trans-
genic mice and 9 K granulysin transgenic mice. We confirmed
the expression of mRNAs and proteins of 15 K granulysin and
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- Figure 3. Improvement of erythrocyte sedimentation rate (ESR) in

- the cynomolgus monkeys immunized with BCG prime-HVJ-envelope/

- HSP65DNA + IL-12DNA boost vaccine. Cynomolgus monkeys were im-

- munized and challenged as described in Figure 2. ESR of all monkeys

- was evaluated every month and mean values of ESR of 5 monkeys were
- shown.

9 K granulysin in established transgenic mice, respectively (data
not shown). 15 K granulysin transgenic mice as well as 9 K gra-
nulysin transgenic mice exerted in vivo anti-T'B effects, in vivo
induction of cytotoxic T cells specific for TB, proliferation of T
cells after the stimulation with TB antigens and augmentation of
cytokine production.

As shown in Figure 7, in vivo anti-TB efficacy of 15 K granu-
lysin transgenic mouse was observed.

CFU of M. tuberculosis was decreased at 4 weeks after the
intravenous injection of 5 x 10° TB in the lungs of 15 K granu-
lysin transgenic mice compared to those of wild type mice and
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Vaccination

SCID-PBL/hu model. We have very
important and interesting SCID-PBL/
hu models capable of analyzing in vivo

human T cell immune responses and
evaluating the efficacy of novel vaccines
against TB, as reported first in Cancer
Research 1997.

We used IL-2 receptor y-chain gene
knock out SCID-PBL/hu mice to ana-

lyze human immune responses.

Now, the therapeutic effects of

HSP65 + IL-12 DNA vaccine in G,

group (50 pg i.m.) on TB infection is
observed in this IL-2 receptor y-chain

with Decrease in Weight Increase in Weight
Control
196
| BCG Tokyo 24|
| ¥ “les
| -124
| 0.8
|25.8
BCG then 2.3 e
HSP65 + 1L-12 A 2 S A 26.5
IHVJ-E srecles
s LIS,
300 200 400 0’0 100 200

3bo gene disrupted SCID-PBL/hu-model

(p < 0.05) (Table 1). Human CTL

Figure 4. The increase in the body weight of monkeys vaccinated with HVJ-Envelope/Hsp65 DNA +
IL-12 DNA. Monkeys vaccinated with BCG prime-HVJ-Envelope/Hsp65 DNA + IL-12 DNA vaccine boost
were challenged as described in Figure 2. Body weight of all monkeys was evaluated every month
and values of body weight of monkeys at 16 weeks after TB challenge were shown.

activity against TB was associated with
the efficacy of TB vaccine (data not
shown).

Taken together, using cynomol-

( S-'-d} 0 Before vaccination {S.L 2‘ . Four weeks after vaccination

gus monkey model, SCID-PBL/hu
mice model and granulysin transgenic
mice model, we have developed two kinds
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3.51-{ B BcG + HsPessIL-12HV.El 3.5 DNA + IL-12 DNA vaccine and granulysin
- - U B¢ only 2 vaccine, against TB. ‘
Lo SO m salinel o
c 25 pu Discussion
o Q -
- 1
g 2.0 g 1 In-the present study, using cynomolgus
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have developed two kinds of novel vaccines,
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’ Most importantly, we demonstrated
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tion between groups (p-value: G,-G, p < 0.05).

Figure 5. Augmentation of the proliferation of PBL in the monkeys immunized with BCG
prime—HVJ-Envelope/Hsp65 DNA + IL-12 DNA boost vaccine. The proliferation of PBL (base
| line: before vaccination) from monkeys and PBL from monkeys vaccinated and challenged as
described in Figure 2 were shown. Stimulation Index (S.1) of the *H-TdR uptake of monkey PBL at
11 weeks after TB challenge were shown. Student’s t test were used to compare T cell prolifera-

This combination improved the erythro-
cyte sedimentation rate (ESR), increased
the body weight and augmented the prolif-
eration of PBL and IFNy production, more
than BCG alone or saline.

normal C57BL/6 mice (p < 0.05). Furthermore, CFU of TB in
the lungs of 9 K granulysin transgenic #1 mice and 9 K granuly-
sin transgenic #17 mice were also decreased at 4 weeks after TB
injection compared to that of wild type mice (p < 0.05) (Fig. 8).
Thus, 15 K granulysin transgenic mice as well as 9 K granulysin
transgenic mice exerted in vivo anti-TB efficacy and decreased
the number of TB in the lungs.

4 Human Vaccines

In the mouse system, by using BCG
prime-HV]-Envelope/Hsp65 DNA + IL-12
DNA vaccine boost method, the number of M. Tuberculosis in
the lungs of DNA-vaccinated mice were 10,000 (ten thousand)
times lower compared to BCG alone vaccinated mice in our
study (data not shown).

In parallel with the protective effect of HV]-Envelope/DNA
vaccines + BCG vaccine using prime-boost method on bacterial
loads, histopathological analysis shows that mice vaccinated with
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| Figure 6. Protective efficacy of Hsp65 + IL-12/HVJ and BCG using prime—boost method against TB challenged cynomolgus monkeys. Group of ani-

‘ mals were vaccinated three times as described in Figure 2. Group of animals were vaccinated with (1°) BCG Tokyo, (2°) Hsp65 + IL-12/HVJ, (3°) Hsp65 +
: IL-12/HVJ = G,(). BCG prime-HVJ/DNA boost group; (1°) BCG, (2°) saline, (3°) = G,( ). G, group animals were vaccinated with BCG once; (1°) saline, (2°)
| saline, (3°) saline = G,("™"). One month after the third vaccination, monkeys were challenged with the M. tuberculosis.

this BCG prirhé—HV]—'Envelope/HSP65 DNA + IL-12 DNA
boost had fewer and smaller lesions in the lungs and significantly
less lung granuloma than the naive mice and mice vaccinated
with BCG alone (data not shown).

We extended our studies to a cynomolgus monkey model,
which is currently the best animal model of human tubercu-
losis, to evaluate the HSPG65 + IL-12/HV]."? Vaccination with
BCG prime-HSPG5 + IL-12/HV]J boost provided better protec-
tive efficacy as assessed by the Erythrocyte Sedimentation Rate,
chest X-ray findings and immune responses than BCG alone.
Importantly, HSPG65 + IL-12/HV] resulted in an increased sur-
vival for over a year. This was the first report of successful DNA
vaccination against M. Tuberculosis in the monkey model which
closely mimics human TB disease.”

Furthermore, the protective efficacy of the HSPG5 + IL-12/
HV] and BCG using the prime-boost method in the TB-infected
cynomolgus monkeys was very strong. All four monkeys from
the group of BCG-prime and the DNA vaccine (HV]-liposome/
HSPG5 + IL-12 DNA vaccine) boost were alive more than 12
months post-infection.’ In contrast, only 2 monkeys out of 6
from the BCG Tokyo alone group were alive (33% survival).

Prime-boost method was reported in the study of MVA85A
vaccine, which is a modified vaccine virus Ankara (MVA)
strain expressing antigen 85A. In phase I studies in humans,
this vaccine has induced high immune responses in previously
BCG-vaccinated individuals."* Boosting of BCG vaccination
with MVA85A downregulates the immunoregulatory cytokine
TGFB.” Aeras-402 DNA (DNA that expressed 85A, 85B and
TB10.4) vaccine using adenovirus vector is intended for use as a
boosting vaccine in BCG-primed individuals.'® Several vaccines
use a prime-boost strategy to enhance the immune responses.'”
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Figure 7. In vivo inhibition of the growth of M. tuberculosis in the 15

K granulysin transgenic mice. (In vivo anti-TB effect of 15 K granulysin
transgenic mouse). Seven 15 K granulysin #16 transgenic mice and
seven wild type C57BL/6 mice were injected with 5 x 10° H37RV M.
tuberculosis i.v. 4 weeks after the challenge of M. tuberculosis, mice

were sacrificed. CFU of M. tuberculosis in the lungs of these mice were
assessed described in Material and Methods. CFU of 15 K granulysin #16
transgenic mice (OJ). CFU of control wild C57BL/6 mice (). Student’s

t-test was used (p < 0.05).

In Japan and other countries, the BCG vaccine is inoculated
into human infants (0—6 months after birth). Therefore, BCG
prime in infants and HSPG5 + hIL-12/HV] boosts for adults
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Figure 8. In vivo inhibition of the growth of M. tuberculosis in the 9
K granulysin transgenic mice. (In vivo anti-TB effect of 9 K granulysin
transgenic mouse). Five 9 K granulysin #1 transgenic mice, five 9 K
granulysin #7 mice and five wild type C57BL/6 mice were injected with
5x10° H37RV M. tuberculosis i.v. and 4 weeks after the challenge of M.
tuberculosis, mice were sacrificed. CFU of M. tuberculosis in the lungs
of these mice were assessed described in Material and Methods. CFU
of 9K granulysin #1 transgenic mice G, (0). CFU of 9 K granulysin #17
transgenic mice G, (M). CFU of control wild type C57BL/6 mice G, (i).
| Student's t-test was used to compare the CFU of each group(G,-G,: p <
1 0.01G,-G,: p<0.07).

(including junior high school students, high school students and
old persons) may be required for the significant improvement of
clinical protective efficacy against TB.

In the present study, using very long-term period (4 month
interval between prime and boost), protective efficacy of the
combination of vaccines was evaluated. In human, long-term
interval (5-15 years) between prime vaccine and boost vaccine
might be used in the clinical application of a novel TB prophy-
lactic vaccine.

Thus, our results with the HV]-Envelope/HSP65 DNA +
IL-12 DNA vaccine in the murine prophylactic model and cyno-
molgus monkey prophylactic model should provide a significant
rationale for moving this vaccine into clinical trial.

On the other hand, we established transgenic mice and a vaccine
expressing granulysin. The granulysin expression in the CD3*CD8*
PBL-T cells of the patients with drug sensitive TB was significantly
lower than that of normal volunteer (data not shown). The granu-
lysin expression in CD3*CD8" T cells from MDR-TB patients was
lower than that in CD8* T cells from drug sensitive TB patients.

The production of 15 K granulysin was also suppressed in the
culture supernatants of PBL from 10 patients with MDR-TB,
compared to that from healthy volunteer (data not shown). Thus,
these data suggest that granulysin vaccine treatment provides a
useful tool to regulate the human TB infection disease.

Two major protein products, 15 K granulysin and 9 K gra-
nulysin, are detected in CTL and NK cells. Granulysin exhibits
potent cytotoxic activity against a broad panel of microbial tar-
gets, including bacteria, fungi and parasites.

We found that 15 K granulysin was secreted from CD8 posi-
tive CTL, and it could enter human macrophages and kill 2.
tuberculosis in the cytoplasm (data not shown). Therefore, we

6 Human Vaccines

Table 1. Efficacy of HVJ-Envelope/HSP65 DNA + IL-12 DNA vaccine
against tuberculosis infection using IL-2 Receptor (-/-) NOD-SCID mice
(SCID-PBL/hu)

Group Treated CFUofTB
(log)

G1 () 6.03 £ 0.06

G2 HSP65DNA + IL-12 DNA vaccine (10 n.g) 596 £0.15

G3 HSP65DNA + IL-12 DNA Vaccine (50 p.g) 5.40 +£0.97

Therapeutic efficacy of HVJ-envelope/HSP65DNA + IL-12DNA, using

in vivo humanized immune models of IL-2 receptor y-chain disrupted
NOD-SCID mice (SCID-PBL/hu). Groups of animals were treated with 3
times with HVJ-envelope/HSP65DNA + IL-12DNA (50 ug i.m. or 10 ug
i.m.). 10 days after the third vaccination, mice were sacrificed and CFU
of TBin the liver of mice were assessed as described in Materials and
Methods. 1 x 10 PBL from a healthy human volunteer were injected
i.p. into IL-2 receptor y-chain disrupted NOD-SCID mice. 21 days after
injection of PBL, mice were challenged with 5 x 10° H37Rv i.v. and then
treated with vaccine. G1, (-) control; G2, treated with HVJ-envelope/HSP-
65DNA + IL-12DNA 10 p.g; G3, treated with HVJ-envelope/HSP65DNA +
IL-12DNA 50 p.g. Student’s t-test was used to compare the CFU of TB of
each group (G1-G3: p < 0.05).

established 15 K granulysin transgenic mice and 9 K granulysin
transgenic mice.

It was demonstrated that 15 K granulysin transgenic mice as
well as 9 K granulysin transgenic mice exerted in vivo anti-TB
effect and decrease in the number of TB. Thus, granulysin DNA
vaccine therapy and recombinant granulysin therapy might pro-
vide a weapon against MDR-TB and XDR-TB.

In conclusion, we have the advantage of the availability of
multiple animal models to accumulate essential data on the HV]-
Envelope DNA vaccine and granulysin vaccine in anticipation of
a phase I clinical trial.

Materials and Methods

Methods for the evaluation of the prophylactic efficacy of the
vaccine on the TB infection of the monkeys. Cynomolgus
monkeys were housed in a BSL 3 animal facility of the Leonard
Wood Memorial Research Center. All animal experiments were
approved by the Leonard Wood Memorial Animal Care and Use
Committee and the National Hospital Organization Kinki-chuo
Chest Medical Center Animal Care and Use Committee. The
animals were vaccinated three times with the HV]-envelope with
expression plasmid of both HSP65 and human IL-12 (HSP65
+ hIL-12/HV]: 400 ug i.m.), and then challenged with the 7.
tuberculosis Erdman strain (5 x 10?) by intratracheal instillation.
Survival, immune responses (proliferation of PBL and cytokines
production), body weight, ESR, PPD skin test and chest X-P
findings were examined as described in our previous studies.’*'°

Methods for the establishment of granulysin transgenic
mouse. 15 K granulysin gene, 9 K granulysin gene or secreted
9 K granulysin DNA (15 K granulysin secretory signal DNA
was fused into N terminal of 9 K granulysin DNA) were trans-
ferred to expressing plasmid DNA (pCAGGS) having CAG
promoter. DNA fragment was injected to pronuclei embryo
and grafted to 200 foster parents. 2 types of 15 K granulysin
Tg mice (#3, #16), 3 types of 9 K granulysin Tg mice (#15,
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#17, #18) and 6 types of secreted 9 K granulysin Tg mice(#1,
#3, #11, #14, #17, #25) were made. Granulysin activity was
assessed by monoclonal antibody targeting 15 K granulysin
and 9 K granulysin. Mycobacterium tuberculosis H37Rv 5 x 10°
CFU was intravenously injected to 15 K granulysin Tg mice,
9 K granulysin Tg mice, wild type (control) mice and nor-
mal C57BL/6 mice (8-12 weeks).”'* From 2 to 12 weeks after
injection, these mice were sacrificed. The lungs, the liver and
the spleen of these mice were removed, homogenized and cul-
tivated for 14 days on 7H11 agar medium. Then, the number
of colony of Mycobacterium tuberculosis was measured.”'"® Mice
were maintained in isolator cages, manipulated in laminar flow
hoods and used between 8-10 weeks of age. All animal experi-
ments were approved by the National Hospital Organization
Kinki-chuo Chest Medical Center Animal Care and Use
Committee. All vaccinations and experiments on isolate tissue
of animal were done under anaesthetic state with sevoflurane.
Infected animals were housed in individual micro-isolator
cages in a Biosafety Level (BSL) 3 animal facility of the NHO

CTL activity in the spleen cells of mice were assessed using
>'Cr release assay.'"?

Methods for the establishment of SCID-PBL/hu model.
IL-2 receptor y-chain disrupted NOD-SCID-PBL/hu was con-
structed as described in our previous study.*” CTL activity was
assessed using the method as described previously in reference
12 and 13.

Statistical analysis. Student’s t tests were used to compare
log 10 value of CFU between groups following challenge of
TB. Student’s t test were also performed to compare immune
responses between groups in T cell proliferation assay. A p-value
of <0.05 was considered significant.
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Purpose: Multi-drugresistant (MDR) Mycobacterium Tuberculosis
(M.TB) is a big problem in the world. We have developed novel
TB therapeutic vaccines.

Results and Methods: DNA vaccine expressing mycobacteri-
al heat shock protein 65 and IL-12 was delivered by the hemag-
glutinating virus of Japan (HVJ)-envelope. M. TB, MDR-TB or
extremenly drug resistant (XDR-TB) was injected i.v. into DBA/1
mice, and treated with the vaccine three times. This HVJ-E/
Hsp65DNA-+IL-12DNA vaccine provided strong therapeutic ef-
ficacy against MDR-TB and XDR-TB (prolongation of survival
time and the decrease in the number of TB) in mice. Therapeu-
tic effect of this vaccine on TB infection was also demonstrated
in chronic TB infection murine model using aerosol infection in-
tratracheally. On the other hand, granulysin protein produced
from CTL has lethal activity against TB. Granulysin protein vac-
cine also exerted strong therapeutic effect. Furthermore, we
extended our studies to monkey model, which is currently the
bestanimal model of human TB. Hsp65DNA+IL-12 DNA vaccine
exerted strong therapeutic efficacy (100% survival and aug-
mentation of immune responses) in the TB-infected monkeys.
In contrast, the survival of the saline control group was 60% at
16 week post-challenge. HVJ-Envelope/HSP65 DNA+IL-12 DNA
vaccine increased the body weight of TB-infected monkeys,
improved the erythrocyte sedimentation rate and augmen-
tated the immune responses (proliferation of PBL and IL-2 pro-
duction). The enhancement of IL-2 production from monkeys
treated with this vaccine was correlated with the therapeutic
efficacy of the vaccine.

Conclusion: These data indicate that novel vaccines might
be useful against TB including XDR-TB and MDR-TB for human
therapeutic clinical trials.
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Introduction

Tuberculosis is a major global threat to human health, with about
2 million people dying every year from Mycobacterium tuberculo-
sis (TB) infection. The only tuberculosis vaccine currently avail-

“able is an attenuated strain of Mycobacterium bovis BCG (BCG),

although its efficacy against adule TB disease remains controver-
sial. Furthermore, multi-drug resistant tuberculosis (MDR-TB)
and extremely drug resistant TB (XDR-TB) are becoming big
problems in the world. In such circumstances, the development
of therapeutic vaccine against TB as well as prophylactic vaccine
against TB is required. Therefore, we have recently developed
a novel TB vaccine, a DNA vaccine expressing mycobacterial
heat shock protein 65 (HSP65) and interleukin-12 (IL-12) deliv-
ered by the hemagglutinating virus of Japan (HV]J)-liposome
(HSP65+IL-12/HV]). This vaccine was 100 fold more efficient
than BCG in the murine model on the basis of the elimination of
M. tuberculosis mediated by the induction of CTL."? Furthermore
the HSP65+1L-12/HV] vaccine using HV]J-envelope was 10,000
fold more efficient than BCG in the murine TB-prophylactic
model. A nonhuman primate model of TB will provide infor-
mation for vaccine development. In fact, in the previous study
we evaluated the protective efficacy of HSP65+IL-12/HV] in
the cynomolgus monkey model, which is an excellent model of
human tuberculosis."** We observed the synergistic effect of the
HSP65+IL-12/HV] and BCG using a priming-booster method
in the TB-infected cynomolgus monkeys. The combination
of the two vaccines showed a very strong prophylactic efficacy
against M. tuberculosis (100% survival) as we have seen previ-
ously in the murine model of TB.?® Furthermore, the granulysin
produced from T cells and NK cells exerted therapeutic efficacy
against TB. In the present study, we evaluated therapeutic effect
of the HSP65+IL-12/HV] vaccine on the MDR-TB infection
and XDR-TB infection in murine and therapeutic effect of this
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vaccine on TB infection monkey nilddels, and obtdincd the refults
indicating that the vaccine exerts therapeutic efficacy against TB,
MDR-TB and XDR-TB.

Methods for the Evaluation of the Efficacy of
Vaccines on the M. tuberculosis-infected Mice

DNA vaccines encoding M. tuberculosis HSPG5 and human IL-12
were encapsulated into HV]-Envelope or HV]-liposomes.® HV]-
liposomes and HV]-Envelope were prepared as described previ-
ously in reference 7-11 (Fig. 1). The HV]-Envelope complex was
aliquoted and stored at -70°C until use. Groups of mice were
vaccinated three times with 100 pl of HVJ-Envelope solution
containing 50 pg of pcDNA-IgHsp65 and 50 wg of pcDNA-
mIL12p40p35-F in the tibia both anterior muscles. Mice were
vaccinated with 1 x 10° CFU M. bovis BCG Tokyo by subcutane-
ous injection at 4 different sites (left upper, right upper, left lower,
right lower back). HVJ-Envelope DNA vaccines encapsulating
combination of pcDNA-IgHsp65 and pcDNA-mIL12p40p35-F
was designated as IgHsp65+mIL-12/HV] in this text. CTL activ-
ity was assessed by *'C -release assay."'> At 30 days after intrave-
nous challenge of M. tuberculosis H37RV, the number of CFU in
the lungs, spleen and liver were counted and therapeutic efficacy
of HVJ-Envelope DNA vaccines was evaluated.>'> TNFR gene
disrupted DBA/1 mice and IL-6 gene disrupted DBA/1 mice
were treated with HV]-Envelope/HSP65 DNA + IL-12 DNA
vaccine three times i.m at 1, 8 and 15 days after the challenge
of 5 x 10° CFU MDR-TB i.v. (Fig. 2). Therapeutic efficacy was

2 Human Vaccines
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MDR-TB HEPES5 + IL-12 DNA
H3TRv vaccinetBCG Sacrifice
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leﬂ % l 15 30

+ immune responses
against M.TB
Cytotoxic T celi
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Figure 2. TNFR gene disrupted DBA/1 mice and IL-6 gene disrupted
DBA/1 mice were treated with HVJ-Envelope/HSP65 DNA+IL-12 DNA
vaccine three times i.m at 1, 8 and 15 days after the challenge of 5 x 10°
CFU MDR-TB i.v. At 30 days after MDR-TB challenge, the lungs, spleens
and livers were aseptically homogenized by using homogenizer in sa-
line and serial dilutions of the organ homogenates were plated on 7H11
Middlebrook agar. Plates were sealed up and incubated at 37°C and the
number of CFU was counted 2 weeks later. Results are converted to log,
values and log, [mean = standard deviation (SD)] for CFU/organ/animal
were calculated.

also evaluated by chronic TB infection model of mice using aero-
sol challenge of TB (15 CFU/mouse: Madison aerosol exposure
chamber, University of Wisconsin). Mice were maintained in iso-
lator cages, manipulated in laminar flow hoods and used between
8-10 weeks of age. All animal experiments were approved by
the National Hospital Organization Kinki-chuo Chest Medical
Center Animal Care and Use Committee. All vaccinations and
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experiments on isolate tissue of animal were done under anaes-
thetic state with sevoflurane. Infected animals were housed in
individual micro-isolator cages in a Biosafety Level (BL) 3 animal
facility of the NHO Kinki-chuo Chest Medical Center.

Methods for the Evaluation of the Efficacy of the
Vaccine on the M. tuberculosis-infected Monkeys

Cynomolgus monkeys were housed in a BL 3 animal facility
of the Leonard Wood Memorial Research Center. All animal
experiments were approved by the Leonard Wood Memorial
Animal Care and Use Committee and the National Hospital
Organization Kinki-chuo Chest Medical Center Animal Care
and Use Committee. The animals were vaccinated nine times
with the HV]-envelope with expression plasmid of both HSPG5
and human IL-12 (HSP65+hIL-12/HV]: 400 ug i.m.), one week
after the challenge with the M. tuberculosis Erdman strain (5 x
10°) by intratracheal instillation. Immune responses and survival
were examined as described in our previous studies in reference
2 and 5.

Results

Murine models. Therapeutic efficacy of HSP65 DNA+IL-12 DNA
vaccine using murine models. At 30 days after intravenous chal-
lenge of MDR-TB, the CFU of TB in the lungs, spleen and liver
were counted and therapeutic efficacy of HVJ]-Envelope DNA
vaccine was evaluated.

www.landesbioscience.com

As shown in Figure Srr=gmé==B==HV]-Envelope/HSPG5
DNA+IL-12 DNA vaccine treatﬁ significantly reduced the
bacterial loads of MDR-TB in thefliver of mice as well as spleen
as compared to saline control group (p < 0.05).

The survival of vaccinated mice after XDR-TB (extremely
drug resistant TB) was investigated. All mice in the control
group died of TB within 160 days after XDR-TB infection. In
contrast, mice treated with HVJ-Envelope/HSP65 DNA+IL-12
DNA prolonged the survival periods significantly by statistical
analysis(p < 0.05) (data not shown). It was demonstrated that
this vaccine had a therapeutic activity against XDR-TB as well as
MDR-TB and drug-sensitive TB (Table 1).

Therapeutic  efficacy using chronic TB  disease  models.
Furthermore, we have established chronic TB disease models
using a mouse infected with TB in the aerosol chamber (Fig.
4A). By using this model, therapeutic efficacy of this vaccine was
also observed (Fig. 4B). At 8 weeks after intratracheal aerosol
infection of TB, the number of CFU in the lung was determined.
Vaccination with HVJ-Envelope/HSP65 DNA+IL-12 DNA
exerted therapeutic efficacy in the bacterial loads as compared to
saline control.

Therapeutic efficacy using SCID-PBL/hu mice. Therapeutic
efficacy of HVJ-Envelope/HSP65 DNA+IL-12 DNA was also
observed, when we used in vivo humanized immune models of
IL-2 receptor y-chain disrupted NOD-SCID mice constructed
with human PBL (SCID-PBL/hu)."> Therapeutic vaccina-
tion with HV]-Envelope/HSP65 DNA+IL-12 DNA showed
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Table 1. The development of Novel vaccines for M. tuberculosis using animal model

Mouse

Prophylactic Effect 10,000
fold than BCG

Therapeutic Effect

Vaccine

HVJ-Envelope/HSP65 DNA+IL-12 DNA

Therapeutic Effect against
MDR-TB XDR-TB

prophylactic Effect 100 fold

HVJ-liposome/HSP65 DNA+IL-12 DNA offective than BCG

recombinant 15 K granulysin
15 K granulysin DNA

Therapeutic Effect
Therapeutic Effect

Guinea pig Monkey SCID-PBL/hu Human
effective effective plan (phase |, I1)
plan effective effective
plan plan
effective effectlvg (100%
survival)
plan
plan

HVJ-Envelope/HSP65 DNA+IL-12 DNA vaccine was evaluated by using mouse, guinea pig, monkey and SCID-PBL/hu model. Therapeutic efficacy as
well as prophylactic efficacy was shown in this vaccine. HVJ-liposome/HSP65 DNA+IL-12 DNA vaccine and granulysin vaccine were also evaluated by

using these models.

{log,, CFU}

9.0

8.5

8.0+

7.5]

[ enp)

[ GZ:HVJ-EMspES DNAHL-12

B G3:HVI-EHspSSONAHIL-12+BC

|

meantSD, n=4.5
* p<0.05 G1 vs G2, Tukey-Kramer's HSD

significantly therapeutic efficacy even in SCID-PBL/hu mice
which exerted human T cell immune responses (Table 1).
Therapeutic efficacy of granulysin vaccine on TB infected mice.
Two major protein products, 15 kDa (15 K) granulysin and
9 kDa (9 K) granulysin, are detected in CTL and NK cells.
Granulysin exhibits potent cytotoxic activity against a broad
panel of microbial targets, including bacteria, fungi and para-
sites. Granulysin is present in human CD8* (and some CD4*)
CTLs, NK cells, NK T Cells and y/8 T cells. We found that
15 K granulysin was secreted from CD8 positive CTL, could

4 Human Vaccines

enter into human macrophages and killed M. ruberculosis in the
cytoplasm of macrophages (Eig. 5). Recombinant 15 K granu-
lysin protein enhanced the in vitro induction of human cyto-
toxic T cells in the 5 day MLC culture (Ffég:~6). Synergistic
effect of recombinant 15 K granulysin in the presence of IL-6-
related DNA vaccine (IL-6 DNA+IL-6 receptor DNA+gp130
DNA vaccine) was shown by in vivo induction of CTL spe-
cific for HSPG5 TB antigen in the mice stimulated with killed
TB antigens (F/ég. 7). Granulysin vaccines (recombinant 15 K
granulysin and 15 K granulysin DNA vaccine) exerted strong
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therapeutic efficacy (decrease in the number of TB in the lungs,
liver and spleen) in the mice infected with TB by aerosol chal-
lenge (Table 1).

Monkey models. Furthermore, the therapeutic activity
of this vaccine was evaluated in a nonhuman primate model
infected with M. tuberculosis. We studied therapeutic effi-
cacy of HV]-Envelope/HSP65 DNA+IL-12 DNA vaccine on
TB-infected monkeys using GMP-level-vaccine which con-
tains two kinds of DNA in one plasmid vector for clinical
therapeutic trial (F;g. 8A).

Therapeutic efficacy was evaluated by survival, ESR, body
weight, immune responses, chest X-ray findings and PPD skin
test (Fl,g 8B).

Immune responses of cynomolgus monkey were augmented
at 11 weeks after the challenge of M. tuberculosis Erdman strain
by intratracheal instillation. The proliferation of PBL was also
augmented by therapeutic vaccination of monkeys with HVJ-
Envelope/HSP65 DNA+IL-12 DNA (data not shown). This vac-

cine also improved the survival of monkeys, compared to the saline

www.landesbioscience.com

Anti-tuberculosis immunity by granulysin
produced from cytotoxicT cells
(Hypothesis 2)
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Figure 7. Synergistic effect-of recombinant-15-K-granulysin—+H-6
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(control) group, after TB challenge (Eig-9). All 5 monkeys were
alive in the group of HVJ-Envelope/HSP65DNA+IL-12DNA
vaccine (100% survival) at 16 weeks after challenge. In contrast,
only 3 monkeys out of 5 were alive in the saline control group
(60% survival) (Eig—9 and Table 2). The number of monkeys
which showed an increase in body weight was larger in the group
treated with this DNA vaccine than in control group (Table 2).
This vaccine improved ESR (Erythrocyte Sedimentation Rate) of
TB-infected monkeys as shown in Figure-10. The proliferation of
PBL by the stimulation with HSPG65 antigens, H37Ra-killed TB
antigens and PPD antigens was examined, and it was more aug-
mented by the treatment with this DNA vaccine than the treat-
ment with saline (data not shown). Furthermore, IL-2 production
from PBL by the stimulation with killed TB H37Ra antigens was
also examined and it was more augmented by the treatment with
this vaccine than that with saline (Fig. H). The induction of IL-2
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from PBL by the stimulated with PPD was significantly lower
in control monkeys died of TB within 19 weeks after TB chal-
lenge than that in survived monkeys in the same group, (data not
shown). IL-2 production by the stimulation with HSPG65 protein
was also extremely low in the control monkeys died of TB (data
not shown). Thus, this GMP-level of DNA vaccine which con-
tains two kinds of genes in one plasmid vector exerted therapeutic
efficacy in TB-infected monkeys. These results demonstrate that
HVJ-Envelope/HSP65DNA+IL-12DNA vaccine could provide
strong therapeutic efficacy against TB in the cynomolgus monkey
models as well as murine models.

6 Human Vaccines

Discussion

In the present study, the HSP65+hIL-12/HV] vaccine exerted
a significant therapeutic effect against TB, as indicated by: (1)
extension of survival of mice infected with XDR-TB, (2) decrease
in the CFU of TB in lungs, liver and spleen of mice infected with
MDR-TB as well as drug-sensitive TB(H37RV), (3) decrease in
the CFU of TB in these organs of mice challenged with TB in the
in vivo humanized immune model of SCID-PBL/hu and (4) pro-
longation of survival and augmentation of immune responses, in
a cynomolgus monkey model which closely mimics human TB
disease. It is important to evaluate the survival of monkey.>>"
Increases in the survival rate of the monkeys treated with this
vaccine were observed, compared to the control monkeys treated
with saline. In the recent study, it is demonstrated that granulysin
vaccine shows therapeutic efficacy against TB in mice (Table 1).
Therefore, the combination of these therapeutic vaccines might
be useful in the future.

MDR-TB and XDR-TB are becoming big problems around
the world. About 500,000 new patients with MDR-TB are
shown every year. However, the effective drugs against MDR-TB
are few.

The HVJ-Envelope/HSP65DNA+IL-12DNA vaccine exerted
the therapeutic activity even against XDR-TB, which is resistant
to RFP, INH, SM, EB, KM, EVM, TH, PAS, LVFX, PZA and
only sensitive to CS. Thus, our results with the HVJ-Envelope/
HSP65 DNA+IL-12 DNA vaccine in the murine therapeutic
model and cynomolgus monkey therapeutic model should provide
a significant rationale for moving:this vaccine into clinical trial.
Furthermore, we have established chronic TB disease model using
a mouse infected with TB in the aerosol chamber. Therapeutic
efficacy of this vaccine was also observed in this model.

DNA vaccine is a relatively new approach to immunization
for infectious diseases.">>'¢"?

Prophylactic and therapeutic DNA vaccines were established
by using several kinds of vectors such as (1) HV]-liposome, (2)
HV]-envelope, (3) adenovirus vector, (4) adeno-associated virus
vector (AAV) and (5) lenti-virus vector."

We have developed a hemagglutinating virus of Japan enve-
lope (HV]-Envelope) using inactivated Sendai virus, as a non-
viral vector for drug delivery.”” It can efficiently deliver DNAs,
siRNAs, proteins and anti-cancer drugs into cells both in vitro
and in vivo" Therefore, HV]-Envelope was used as an efficient
and safe vector for DNA vaccine against TB in the present study.

It will be a high priority for the clinical development programs
to evaluate the current vaccines for post-exposure vaccine which
prevents reactivation of TB in the large proportion of the global
population latently infected with TB.

It is very important to evaluate the long survival period in
a monkey model, as human TB is a chronic infection disease.
Furthermore, the decrease in the body weight of TB patients is
usually accompanied by a progression of the disease.*

Most importantly, this is the leading report of novel therapeu-
tic vaccine using monkey models as well as murine models.

According to our knowledge, only a few therapeutic vaccine
against TB has been reported in reference 21 and 22.
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Table 2. Body weight and survival of cynomolgus monkeys treated with HSP65 DNA+IL-12 DNA

vaccine
Increase in body weight at 16 weeks

+
+

G]

(DNA 9 times)

0
& +
? 0

(control saline)

Survival
2/5
5/5
(40%)
1/5
3/5
(20%)

Increase in body weight and survival of monkeys treated this DNA vaccine at 16 weeks after TB

challenge.

Construction of HSP65 and IL.-12 DNA In one

lasmid
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h
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Secl 6136

N

7259 bp
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C !
Tonkey 5x10% CFU

B’f"" ~No —

21 day

It

Therapeutic Vaccine
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ESR
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Hsp65DNA+IL-12  DNA
exerted strong therapeutic efficacy (100%
survival at 16 weeks after challenge and

vaccine

augmentation of immune responses) in
the TB-infected monkeys. In contrast,
the survival rate of the saline control
group was 60%. HVJ-Envelope/HSP65
DNA+IL-12 DNA vaccine increased the
body weight of TB-infected monkeys,
improved the erythrocyte sedimenta-
tion rate and augmentated the immune
responses (proliferation of PBL, IL-2 pro-
duction). The enhancement of IL-2 pro-
duction from monkeys treated with this
vaccine was correlated with the therapeu-
tic efficacy of the vaccine.

Thus, we are taking advantage of the
availability of multiple animal models to
accumulate essential data on the HV]J-
envelope DNA vaccine in anticipation of
a phase I clinical trial.

In conclusion, these data indicate that
HV]J-Envelope/HSP65DNA+IL-12DNA
vaccine and granulysin vaccine might be
useful against TB including XDR-TB and
MDR-TB for human therapeutic clinical
trials.
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ITRE [k L]

¥ 7 — THIME - granulysin IC X AR L T 7 F

(HSP65+IL-12 DNA 7 7 F %) B%

MHE £7 E% ¥

W

EE 19984, KECDCHE &L U ACETRFMAOEE T 7 F VHREOVLEWEZRR L. Ll
A6, BCGT7 27 F VIR BREET 7 F IZEKTHERISHIZIZE > Twiv, bhvbhid BCG
TIFYRIBZDBDICERET 510000 B TFHT 2 F VMR ERTHELVDNAT 2 F ¥
(HVJ- = >N —7/Hsp65+IL-12DNA T 2 F ) YT YEF Y FBCGT 7 F v %#BA% L7 &
DI IFVEIIIATRBICOAY, HEERRD HSP6S EHHE S L OB EHEICH L TR
7% CD8EattF 7 — THIRROSMb A I L7z. —F, BCGT 27 F Y 3% 57— THIRROMLEIZ & A
EFBL ol 6T, MBHERTZF VRO R L. SRR O AL S ER iHES
B LCHEBR ESMR - BBRERD) 2Rz, 618, b MEBBREEF VIR LIE
W =2 4 ¥V (Nature Med. 1996) % >, HSP65 DNA+IL-12 DNA 7 7 F > Ok 7: B &M % 15
oo AETAFNIT 7 F v HHlithe MEBE 2 RAEHRS L, 1 FEUEEBBE L. U /5y
FERR « A M A4 Y (IFN-y, IL-2%%) EAOHME L OHH XA - Wik, AEORHER RIS
ROLNTz, S OIEFRYE EGRIDOONIZ. T4 L-T—A¥—E% v, TDDNA
727 F Y BEREIL100% OEFRER LIz, —F, BCGHREBIIB% DEHFERTH 572, SHIT, H
VOB THFIEIET TREEERY 7 F VIR 218720 ZODNAT 2 F 2 iBEEETIZ100% D& F
ZARL7DS, RAERGHTIZI60% DEFRTH 72, —F, F5— THEDISEESINLEHER
% ¥ /32 granulysin (3KEALIEHR T 7 F R R L FIE L 722, & 512 granulysin transgenic mice (3514 B
BREDRERE L. CThOITOWTOMEL RS,
F—T—-X:F7-—THIl, ro5=a2543 >, FREBET 2T

531

B L U granulysin (F 7 — THIRR L D EEA S WA EBHE

t. BUak B ¥ 52) ORIEIEICOVT b5,

19984, >RE CDCIIAERZIIXT L, BAF - AR -
REDP—E %o THHROERK T 7 F V BREOLEN:
B FRTAHELY Lz, /2, ACETIZEE DR
T 2K TH 2 REERO-9121, BCGIZAD
BERNGRTFUHBLETHLIEER LI, LA LR
M6, BCGIZRb IR T 7 F Y I3EKTH BRIEH
IEE->TwRWY™, bhbidBCGL Y bidzsn»
IR DNAT 2 F )2 ¥+ FBCCT 2 F >
OBRAFCHEII L7z (Fig. 1) ™Y L7255 T, HLWH
T 7 F R E R RIEICB I 255 — THIlR

I. %5 — THiR B

CD8HBH\WVIER, I 70/ a7y VflETR TAP#IE
F/ 07Ty b AT RIES TS TR, B
W CTT 5. T74bb, HEICHET 5 cDs THINLIX
TR THREBRIEICEETH S (Fig. 2) "V9¥7,

¥ 7 — THIlRO—2DfHE & LT IFN-y &4 L TH
MBREICHFS T 205, RICBERDHEBEGM ¢ 2 &
LT, MEEOMEONL 2 LEGRER TR O3
INVEHETH D, CD8 THIN AR Tk L7z Mg

B BT P R IR v & — R v 5 —

ERESE C MHE2F, BRSSP RmTEEL s -
It~ ¥ —, T591-8555 KFAFHRT ALK E BRI 1180
(E-mail : okm(@kch.hosp.go.jp)
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% Fas-independent, granule-dependent DFEfE THE AL, I
BEN IR 2R T S LW S Tw3Y 20T
HN X CD1-restricted T 3 I — J)V[#, LAM, phosphatidyl
inositol mannoside, glucose monomycolate, isoprenoid glyco-
lipid (Cdlc & 454 SFOFA%HA lipid & lipoglycan % W2k
5o ZOFTF—TOFERMNOHEETH S granulysin &4
BRSO R T BT o

—7J, ¥ —T®OTRAIL & 7%—7 + V) ¥ HHAEH R

mouse

guinea pig

IIIIIIIII

#it% #85% %6 5 2010 6 A

EICEETH 2 BREVHR L. (Fig 2)o
M. granulysin &##

F7— TOWENHNOEHTDH 5 granulysin i3 EHHM
NOMRBREERT . & ORF ISR 2 A eek
REBIZT 25 2 212X 5o granulysin lZ9% EH B, B,
FHEHOEFZRLEED, 68— T7x) v it
HETTMGHORBRORTLEEZON TS, IR

cynomolgus monkey human

Vaccine Mouse G';li[;a Monkey Human

Prophylactic effect Plan SCID-PBL/hu

10,000 fold effective Effective Effective (phase

than BCG L 1D
HVIJ-Envelope/ - ;
Hsp65 DNA + Therapeutic effect Plan Effective
IL-12 DNA Therapeutic effect

against

MDR-TB Plan Plan

XDR-TB
HVIJ-liposome/ Prophylactic effect Effective
Hsp65 DNA + 100 fold effective than Effective (100%
IL-12 DNA BCG survival)

Fig. 1 The development of novel vaccines for M. tuberculosis using animal models

M. TB
granulysin / Fungus
CTL Bacteria
. iati
Differentiation e Higand Fas
TRAIL TRAILR

\ﬂ.l IL-2 IL-6
early l l late = Apoptosis
4 i 'E
Precursor O A /
of CTL 1 T2 Effector &0 -
. * Destruction of
CTL Perforin vt call
IL-1,7,12, 13, 15, 18,23,27 Granzyme A, B | . pestruction of virus
IFN-a /B, TNF- infected cells
* Destruction of
Okada et al. J. Immunol 1979 bacteria infected
PNAS 1981 cells (M ¢ )
J. Exp. Med 1983
Imm. Rev 1986
Cancer Res 1997

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
T,
Function number TB against TR Production MDR-TB sensitive TB
135 Kifinygn (strong ajgr—ln_entation) ++ T+ T+ A2 %
9K Granulysin +4 (augm;mon) 3 S N.D N.D

++; strong augmentation, +; augmentation
4 ; strong suppression, | ; suppression

BN =T7 4 L) Mg IZRDBE, Mg HNOMERIZ
HE granulysin ER T 5720 b s, bhbhid
MR, BCSHRERBEEETIIFS—TY Vo5
O mRNADRBLB L TEHORIIET LT L
EHSICLANY, bbb, bhibhizds— TH
Ha @ granulysin (%F 5 9000) 4 A5 T A5 # i 1 5 4%
BIE L RE LGB H LDTIZR VAL EL TV,

—7, granulysin¥F% 7 — T4MLRFO—2TH 5
EERFRL, =7 A THBIGIEIR %R L7z GERFIUR) o
granulysin BIZTEA~ Y 2 2 ER L 72,

V. #LWERET 7 F > (HSP65 DNA+IL-12 DNA
779 F>, granulysinT 7 F %) B

WET77F 3, O T21=y b7 2F 2, @DNA
72Fv, @JAYEF Y FBCCT I F v (§5HALEE
BEzEEL), ZOMICKINENS,

(1) DNA72F >~ :BCGIZF > &0 1 FRE®RN%Z
METFT 2T

ITADERBGRTIIBCGT 7 F v %2 35028
B2 LVEET 2 F Vi3 &bdTh v, bhbh
{3 Hsp65 DNA+IL-12 DNA (HVJ- = RO —F X7 ¥
=) DI ZFLIEBCCTZF XD Y 1 FEED ek
BTF7 25 ThaZ & e RIS T &2 L
s

Z D HVI-T ¥ XU — 7/HSP65 DNA+IL-12 DNA 7
IFVTIIAERELUTHER 25T L, w92
B OAERE AT BCG T 72 F Y5 D 1 /5D 1T &
Tolze Tha 1 AfRHEVI,

25U, FEEICHT 5 CDSBEM* T — THIBL D4
LFELHRL72Y% CORNB T2 F U RREFT—
THEMEAMB L 7ze 7 Thi ML O 5MLFHE, 1FN-y B
HEOWREZ DT 7 F /B RET 22 EbWSRIC L7,

ZOFLVERT 7 F > 0BRSS S,
WHO STOP TB Partnership 3 & UF WHO STOP TB WGND
(Working Group on New Drugs) (Z3EH & 1172,

(2) YVary¥+ v FBCGT 7 F

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 5340.1*
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 6.710.2

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

BCG K2, fi4 OMfzFEBALY I VS~
M BCGZ B L 72, bhibiid Ag85A+ Ag85B+MPB
512 ¥4 FBCGIXBCG LW b rF 0T
BT EEHLIIZLEY,

36, T2 =y bITFUTHLVD LNV THRS
T FBARIR A Bz MbT2f & 7 >~ 732 0 DNA %
BALZT200 2 ¥F >~ b BCCOEBIZEI L7z, &
DTABCGT 7 F Y iZFVTHRBETFHIRERL -
(Fig. 1)%

(3) granulysin7 2 F ~ (Table 1, Table 2)

F 7 — THIR TR IR R R 2@ & %5279
(Fig. 2) o granulysin 2 [ 3631 % £ # i 1 %6 4% <0 4 BR o
B OWEYEATL O PBL DR3¢ B O THRET L 72,
ZOKRIL-6, IFN-y, IL-2D F 5 — T4 LRF D
& T 7% < granulysin (15K Granulysin) O Mg T % 2%
7&: 14) 15)0

E bbb L 15K Granulysin A CD8' 3 5 — THl
T GEESFWSh, B FOMGICHEAYD, MgHD
WBHERE T2 EEZWH O LAWY, RHNESH:
Ki#% % PBL# @ CD8 i ¥k THEML 15K Granulysin 2
HEBE mRNAOREBLIZREAL D O ABIETLT
W72 (Table 1) & 512, SHIEAALEE PBLHB O
CD8 B % THI 2 @ 15K Granulysin &% F 58 Bl & mRNA @
B, AREZ LT, EARZHEHREOZNS
LD HET LTV (Table 1), X 72, ZHIMMERER
# ® PBL % PHA-P, ConA, 7 U HiJil (CESS), PPD#i
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JECHIET 5 &, 15K Granulysin O ¥ 38 L~ D 55Uk
MAET LTSI EZBLAIZL7 (Table 1)o

15K Granulysin D #{7FHA < 7 X & 9K granulysin i
ETEAS T A& ENENERL, in vivo DFREHIER
% AT L 720 Table 21278 L 72 2 & <, 15K Granulysin
transgenic (Tg) ¥ 7 A OREAZ B EGE 4 I8 % O BfiAE B
¥ (CFU) (& wild type ¥ 7 AZ B L TR T 2580 bh

Table 3

MWH %85% %5 6 5 20104E 6 A

o ¥ 729K Granulysin Tg ¥ "7 A DR E D wild
type ¥ 7 ANCHEI L T T LCTwi: (Table 2)o & 5
12, ThHD 220 Tgw 7 A (15K Granulysin Tg & 9K
Granulysin Tg) & in vivoD ¥ 5 — T#E (RIS 5)
OB, KT S THI B4 UG @ 3 38 %° TFN-y
PEEDORIREZ R Lo TS DEKNITBITS 15K
Granulysin & 9K Granulysin ®##% &K 4203 % & A 1 d 1

A. Priming, Pre-Exposure

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

d. BCG30ARMF, rBCG Mtb B30, rBCG h IFNy

e. Nas L3/Htk BCG
f. mc? 6220, me” 6221, mc” 6222, mc” 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)

L

) arv ¥+ ¥ h85BBCG

1) 3 ¥ ¥F b listeriolysin BCG

1) 3 ¥ ¥ ¥ b perfringiolysin

J)ar¥J ¥ b85BBCG

BREB7 2 F ¥ /heat killed whole BCG X ¥ N— 7 & Bk
nor-replicating, M. tuberculosis strain ( A lys A A pan CD)
replicating pro-apoptotic M. bovis BCG ¥k (A nuoG)

A F )4t 21-K Da &H

93 b MERE (virulence gene @ pho P DA EME)
anti-apoptotic B 15 % 54

B. Boosting, Pre-Exposure

1. Phase I: BIfF—2008 £
a. MVAS5A
b. M72
c. AERAS-402
d. SSI Hybrid-1
¢. 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/AMB85B conjugate
d. PP1, PP2, PP3
f. AC2SGL Diacylated Sulfoglycolipids
¢. HVJ-liposome/Hsp65 DNA +IL-12 DNA

L

Var¥F b MVA (Ag85A 2 HEL72)

Mtb32-+Mtb29 7 fusion 2 F

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

Ag85B, and TB 10.4.

fusion & (Ag85B-ESAT-6)

fusion & (Ag85B-TB10.4)

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

Jar¥+ b Ag8SBEH

Heat shock protein antigen complexes (Hsp Cs)

Nasal vaccine/Man capped

Arabinomonnan oligosaccharide

BCG boosting

AC; SGL Mycobacterial lipids

M.Okada, [ S5 B A AR L @ S ER A Lk & —

C. Post Exposure — Immunotherapy

1. Phase I: BI7E—2008 4 LEEE
a. Mycobacterium vaccae Heat-Killed Fragmented M. tuberculosis cells
b. MVASSA naked hsp 65 DNA vaccine
¢.RUTI Chimeric ESAT6/Ag 85A DNA 7 7 F

d. Nas L3/Htk BCG
2. Phase I: 2009 or Later
a. NasL3/AMB85B 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

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 ¥/ 2.3 })
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FUEER CTORNTH B, JBEY 3 2 EF b granu-
lysin 7 7 F » % granulysin DNA 7 7 F > i3 < 7 A TH
FEEWR R Z R L7229, L7243 T granulysin 7 7 F
¥ {B#E1E MDR-TB %> XDR-TB X%} L % b TA FH % &
WELLHTHA A9,

V. HLWERKT 7 F - OBRERR (BRERESH)

(1) Stop TB Partnership

Stop TB Partnership (WHO) 12008 4 \ZBIfE#EFTH T,
LobBRIGHICHZERT LKA T 7 F Y BSED Y A
MERELL

bbb d HVI/Hsp65 DNA+IL-12 DNA7 7 F >~ &

BCG T 7 F ¥

Fig.3 #H LT 7 7 F
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BEHEDO—2 L LTEDOHIZHEIRIN TS (Table 3),
EHNTRFETRLEZT 2 FUaEHEishTw 5,
2006~2015 4 Global Plan to Stop TB & L TH LW AHR)
kBT 77 VBI%E, 20504F F TISHZIEIR, 4 WHO
DEHETH 5,
(2) #8727 F v oIHOT N
OF LT 7 F » o RIS
71 =27 4 %) (cynomolgus monkey, b & b ik
FZIZIEE 7 )b, Nature Medicine 2, 430, 1996 24) %
WBCG & D bIZ2 00BN ETHIT 2 F v (4
R, Mk, KE WoM) 2Ry rF 2 BERE
L72%% bbb, BHEROA N bOLE LTHVIY

DNA 7 7 F >

HSP65 DNA +1L-12
MV]- T Xa—7

A
Fol
R

v (®) (DNATZF V)

(A) X102
TB Erdman 5X 10 ik
7545 7—z5— | SR I A i
B BB XA
I I ] \ 1 year / B35 BUG
HfEER
JIF
(B) = G1: BCG Tokyo+HVI-liposome/Hsp65 DNA -+IL-12 DNA
——G2: HVJ-liposome/Hsp65 DNA +1L-12 DNA +BCG (Tokyo) boost
== G3: HVIJ-liposome/Hsp65+IL-12 DNA
—= G4: BCG Tokyo
e (G5: Saline
100 w T BCG—HVJ/DNA
] f '
] | .
80 i .
] AT R TN YT e e e e e == s HV]/DNA
" 60 _-
Et i Saline
e 0 g HVJ/DNA—BCG
1 I——= BCG
201
50 100 150 200 250 300 350 H¥

Fig.4 Y P OFBERRIRLENT =2 4 2 7= HVI-Y F Y — A /HSP-65 DNA+

IL12DNA 7 7 F > O T Fidh 5
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536 KM% #85% % 6 5 20104 6 A
(A) intratracheal © (%)
instillation 100
Cynomolgus TB ESR
B .
monkey challenge ngz‘)\z_eéghl 80
5X10*CFU Immune responses
Survival
@ -;3 60
EEEEEREE :
x40
Therapeutic vaccine
20
®) Therapeutic efficacy of HSP65+IL-12 DNA 0
Survival e HYO{/III{,SF;SI\II)ANA Control
Body weight T Therapeutic vaccine
Immune responses ™

(Proliferation of T cell)

Fig. 5 Therapeutic effect of HVJ-Envelope/HSP65 DNA +IL-12DNA vaccine on TB-infected

cynomolgus monkeys

AR — AJHSP65 DNA+IL-12DNA 7 7 F ¥ B X U, r172f
BCGT7 7 F v HHiF N b, Ag85B-ESAT-6HIE T » /%
7% (Andersonffit6H) bFMESINTWED, EIVEY
b, NV TIERRIIABTH S, —7 Huygen D Ag85A
DNATZF ViZ<wW R - EVEY PTHYTH oW
F N OEBRGETHIH LER Thhrolzb v, 72f
BEy RNy T2y VIS FO, 02T oA
JVAIZ85A DNA Z3A L7277 7 F /135 14, r85B BCG
(Horowitz & ) 1245 T # clinical trial & 72 = T W %'%
DrAHIISDT 7 ¥ =7 74 VA-85ADNAT 7 F ~
X, 7 7Y A TO% I AH clinical trial Ti%, 85A DNA 4k
BSH T 5 SR B SRS bz s

@794 3Ivr-7T—2%—% (LYHEBCG—HA
HVJ/HSP65 DNA+IL-12DNA 7 7 F V)

EHWZBCGCTI 2 F v ETIFAAL, HLwIZF v
BT—AY—FHHEEHVE, FVTIDTITL IV
Y=T — A —ET100% DEFEZR LY (Fig. 2)o —
#, BCG 7 7 F » W% 5813 33% DEHFR TH - 727
ZDEHIZ, b POMBEREIIR AV A VR
HWHEBRT, AT LW 2 F rEbhbh
IHRICEBT TR L. $hbb, RIETIIIALHRE
IZBCGEMAHBEITbh TR I EICLY, 791
IV FELTBCGT 7 F v, AT S
F v (hEAg, A, EN) ELTIODNATZF ¥
BT —AF =T F e LTHVLERKT 7 F ¥ OKR
ISHETHS (Fig.3).
@ik#7 7+~ (Fig. 4, Fig.5)

B L7 =2 A FNVDRTHVI-Z XU —7/
Hsp65 DNA+ Y FIL-12DNA7 7 F ¥ 285 L7 &
OBETIISHEPSTH100% DEFEERRD bNT2e —H
ay ro— VEBOERRSHETIX, 60% DEFRTH-

720 TODNAT 7 F HE5HTIE, HERMAGED 5
N, SRR THE O BRI R R RS A3320 H 720 Hsp6s
DNA+IL-12DNA 7 7 F » i3 b & b O &G € 7
WMIZEWAZZ A FVDRIZBWCTFHT72F v 260
BT 2 F URRE R Lz EFE - RIERT ML
720 L7z TZDTI 7 F ikt b MDR-TB, XDR-TB
DRFHE L TEDDTEHATH L Z PR EINT

V. $bWIC

HSP65 DNA+IL-12 DNA/HVI T ¥ R —7"7 7 F ¥
PERTVLEILLY, 0T 7F Y PREBEORETH
RHEBIARLOHEER TS, FAER, SCEFHT,
KB TP KM RRFICL )RR
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