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Novel therapeutic vaccines [(HSP65 + IL-12)
DNA-, granulysin- and Ksp37-vaccine] against
tuberculosis and synergistic effects
in the combination with chemotherapy
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Abbreviations: HV], hemagglutinating virus of Japan; 15K granulysin, 15 kilodalton granulysin; Ksp37, killer specific secretory
protein of 37 kDa; MDR-TB, multi-drug registant tuberculosis; XDR-TB, extremely drug resistant tuberculosis; Tg, transgenic

Purpose: Multi-drug resistant tuberculosis (MDR-TB) and extremely drug resistant (XDR) TB are big problems in the world. .
We have developed novel TB therapeutic vaccines, HVJ-Envelope/HSP65 + IL-12 DNA vaccine (HSP65-vaccine), granulysin
vaccine and killer specific secretory protein of 37kDa (Ksp37) vaccine.

Results and Methods: HSP65 vaccine showed strong therapeutic effect against both MDR-TB and XDR-TB in mice. In-
tradermal immunization of HSP65-vaccine showed stronger therapeutic effect against TB than intramuscular or subcuta-
neous immunization. Furthermore, the synergistic therapeutic effect was observed when the vaccine was administrated
in combination with Isoniazid (INH), which is a first line drug for chemotherapy. The combination of types of vaccines
(HSP65- and granulysin- vaccines) also showed synergistic therapeutic effect. In the monkey model, granulysin-vaccine
prolonged the survival period after the infection of TB and long-term survival was observed in vaccine-treated group. -
We examined the potential of two kinds of novel DNA vaccines (Ksp37-vaccine and granulysin-vaccine). Both vaccines
augmented in vivo differentiation of CTL against TB. We measured the amount of Ksp37 protein in human serum and
revealed that the level of Ksp37 protein of patients with tuberculosis was lower than that of healthy volunteers. Therefore,
we established Ksp37 transgenic mice as well as granulysin transgenic mice to elucidate the function of those proteins.

Both transgenic mice were resistant to TB infection.

Conclusion: These data indicate the potential of combinational therapy; the combination of two DNA vaccines or
combination of DNA vaccine with antibiotic drug. Thus, it will provide a novel strategy for the treatment of MDR-TB.

Introduction

Tuberculosis is a major global threat to human health, with about
2 million people dying every year from Mycobacterium tuber-
culosis (TB) infection. The only tuberculosis vaccine currently
available is an attenuated strain of Mycobacterium bovis BCG
(BCG), although its efficacy against adult TB disease remains
controversial. Furthermore, multi-drug resistant tuberculosis
(MDR-TB) and extremely drug resistant TB (XDR-TB) are
becoming big problems in the world. About 500,000 of people

around the weorld are affected by MDR-TB cvery year. However,
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there are a small number of effective drugs against MDR-TB.
In such circumstances, the development of therapeutic as well as
prophylactic vaccines against TB is required.

Cynomolgus monkey model is the best animal TB model to
evaluate the potential of newly developed vaccines as reported
by Walsh and Tan." Onset and progress after TB infection in
the cynomolgus monkey is very similar to human TB disease.'?
SCID-PBL/hu is an IL-2 receptor <y-chain disrupted mouse
(NOD-SCID) transplanted with human PBL. It is an in vivo
humanized immune model and provides an useful twol for
investigating human immune respenses to the administrarion
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Table 1. Therapeutic efficacy of HVJ-Envelope/HSP65 DNA + IL-12 DNA
vaccine on TB infection in murine models

1) HVJ-Envelope/HSP65 DNA + IL-12 DNA vaccine showed therapeutic
efficacy against MDR-TB as well as drug-sensitive TB in mice.

2) Significant prolongation of survival was observed in the XDR-TB
infected mice by the treatment with this vaccine.

3) Therapeutic efficacy of this vaccine on chronic TB disease models
using a mouse infected with TB in the aerosol chamber was
demonstrated.

Therapeutic efficacy of HVJ-EnvéIope/HSP6S DNA + IL-12 DNA vaccine
was evaluated by using mouse models. Therapeutic efficacies of this
vaccine on the MDR-TB infection and XDR-TB infection were observed.

of vaccines.*® Transgenic mice that express the components of
vaccine also provide a lot of information about novel TB vac-
cines. Therefore, we used three animal models (cynomolgus

monkey model of TB, SCID-PBL/hu mice and transgenic mice)

to develop three kinds of novel vaccines against TB.

We have previously evaluated a novel therapeutic TB vaccine

which consists of plasmid DNA encoding HSP65 + IL-12 and
HV]J-Envelope (HSP65-vaccine) and revealed the efficacy of the
vaccine in these animal models.®? However, it is very important
to treat the patients with TB completely within a short period
of time. Therefore, we improved the regimen of the vaccination.
We first examined a combination therapy of vaccination and che-
motherapy. In the present study, we used a HSP65-vaccine for
the vaccination and first line TB drugs (INH or REP) for the
chemotherapy. We next identified a suitable administration route
to increase the efficacy of the DNA vaccine. The result suggested
that intradermal vaccination is more suitable for the DNA vac-
cine than intramuscular or subcutaneous vaccination.
_ Finally, we developed plasmid-based DNA vaccines encoding
the granulysin or Ksp37. Granulysin is a member of the saposin-
like protein family and colocalizes with perforin and granzymes
in the cytolytic granules of human CTL and NK cells. In the
presence of perforin, it has a cytolytic activity against intracel-
lular pathogens in the cytoplasm of infected cells. It also has a
cytotoxic effect on tumor cells.''? Granulysin is present in cyto-
plasm of human CDB8 positive cytotoxic T cells and NK cells. It
has been suggested that granulysin has a cytolytic activity against
M. tuberculosis outside macrophages and reduces the number of
M. suberculosis in the macrophage dependent on the presence of
perforin in vitro." However, the precise role of granulysin in vivo
has not been elucidated yet. Therefore, we have established gra-
nulysin transgenic mice to clucidate in vivo role of granulysin
and obtain the information to develop novel vaccines against M.
tuberculosis. Transgenic mice of 15K and 9K granulysins were
resistant to TB infection in vivo. This is the first report indi-
cating an in vivo role of granulysin in the defense against the
infection of TB. In addition, we demonstrated the efficacy of
granulysin-vaccine in the monkey model of TB.

Ksp37 is also produced from CTL and NK cells.'* However,
immunological function of Ksp37 has not been elucidated yet.
In the first step, we first examined the amount of Ksp37 in the
serum of patients with TB. The result indicated that Ksp37 in
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the serum of patients with TB was lower than that of healthy
volunteer. In the next step, we have established Ksp37 transgenic
mice to elucidate the in vivo role on Ksp37 in the immunity to
the infection of M. tuberculosis. Ksp37 transgenic mouse was
resistant to the infection of TB, suggesting the anti-T'B effect of
Ksp37 in vivo.

To increase the efficacy of the vaccine, we examined the syner-
gistic effect of the combination therapy, in which HSP65-vaccine
and first line chemotherapy drug (INH) were administrated. We
also examined the synergistic effect of the combination of two
kinds of DNA vaccines. HSP65- and granulysin-vaccine were
simultaneously administrated in the murine models of TB and
efficacy of the vaccines was evaluated in vivo.

In parallel, we investigated the immunological effects of granu-
lysin and Ksp37 and revealed the synergistic effect of two molecules
on the induction of TB-specific CTL (manuscript submitted).

These findings demonstrated that granulysin-vaccine and
Ksp37-vaccine might provide very useful weapon as TB vaccines,
and those efficacy will be enhanced in combination with other
DNA vaccine (including HSPG65 vaccine) and INH.

Results

Novel therapeutic vaccine of HV]-Envelope/HSP65 DNA +
IL-12 DNA vaccine. Therapeutic effect of the vaccine in murine
models of TB. Therapeutic efficacy of HSP65 DNA + IL-12 DNA
vaccine (HSPG65-vaccine) was evaluated in murine models. At 30
d after intravenous challenge of MDR-TB, the CFUs of TB in
the lungs, spleen, and liver were counted and therapeutic efficacy
of HVJ-Envelope DNA vaccine was evaluated.

Table 1 shows the feature of novel TB vaccines; the vaccine
consists of a plasmid DNA vaccine expressing mycobacterial heat
shock protein 65 (HSPG65)+interleukin-12 (IL-12) and a vec-
tor (hemagglutinating virus of Japan (HV])-liposome or HV]-
envelope). We used the mouse model in our previous study.%”
This vaccine showed therapeutic effect against TB in the mouse:
(1) This vaccine significantly decrease the number of drug sen-
sitive H37Rv TB in the spleen and the lung of mice (data not
shown). This vaccine also decreased the number of MDR-TB in
the lungs and spleen of mice, indicating the efficacy of the vac-
cine in the mouse model of TB. (2) Significant prolongation of
survival was observed in the XDR-TB infected mice. The sur-
vival period of the mouse treated with this vaccine was prolonged
compared with non-vaccinated mice. Those results demonstrated
that this vaccine have strong therapeutic effect against XDR-TB.
(3) We have established the mouse model of chronic TB disease
using an inhalation system (aerosol chamber) for the infection of
TB. By using this model, therapeutic efficacy of this vaccine was
examined. The vaccine was administered 5 weeks after acrosol
infection of TB. Treatment with this vaccine decreased the num-
ber of TB in the lung of the mice (data not shown).

Thus, we demonstrated that this vaccine had a therapeutic
effect against XDR-TB and MDR-TB as well as drug-sensitive
TB.

Synergistic effect of HV]-Enveiop/HSPG5 DNA + [L-12 DNA vac-
cine in combination with INH against TB infection. To enhance the
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Figure 1. Synergistic therapeutic efficacy of HVJ-Envelope/HSP65 DNA
+1L-12 DNA vaccine and INH on TB infection of mice. BALB/c mice were
infected with H37Rv TB by using intratracheal aerosol challenge using
aerosol chamber. One week after challenge of TB, the vaccine and INH
(0.03mg/mouse) were administered 6 times for 3 weeks. Five weeks af-
ter TB challenge, mice were sacrified, and CFU of TB in the spleen were
evaluated. G1 vs. G2; p < 0.05; G1 vs. G3; p < 0.05; G3 vs. G5; p < 0.05; G2
vs. G5 p < 0.05; Student’s test.
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Figure 2. Synergistic therapeutic efficacy of HVJ-Envelope/HSP65 DNA
+ 1L-12 DNA vaccine and INH on TB infection of mice. BALB/c mice were
infected with H37Rv TB by using intratracheal aerosol challenge using
aerosol chamber. One week after challenge of TB, the vaccine and INH
(0.03mg/mouse) were administered 6 times for 3 weeks. Five weeks
after TB challenge, mice were sacrified, and CFU of TB in the liver were

evaluated. G2 vs. G4; p < 0.05; G3 vs. G4; p < 0.05; Student's test.

efficacy, we examined synergistic effect of combinational therapy
of this vaccine and INH (isoniazid) on the infection of TB. The
numbers of TB in the mouse spleen and liver were significantly
decreased compared with the monotherapy; indicating the syner-
gistic effect of the combinational therapy (Figs. 1 and 2).

We also compared the administration route of the vaccine
to improve the regimen of the therapy. We selected three routes
(intradermal, intramuscular and subcutaneous injections) for our
experiment. The efficacy of intradermal administration (i.d.) was
highest among three administration routes (Fig. 3).
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Therefore, in the monkey model we plan to study the effi-
cacy of intradermal injection of this vaccine, in comparison to
i.m administration.

IL-2 recepror y-chain gene disrupted SCID-PBL/hu. We have
very important humanized immune model (SCID-PBL/hu) to
study the human T cell immune response in vivo as reported first
in Cancer Research 1997.* We evaluated the efficacy of novel vac-
cines in vivo using this humanized immune model.

We used IL-2 receptor y-chain gene knockout mouse-based
model (NOD SCID-PBL/hu) to analyze the human T cell
responses to the vaccine (Table 2).

The efficacy of HSP65+ IL-12 DNA vaccine was examined
in this 1L-2 receptor y-chain gene disrupted SCID-PBL/hu-
model and significant decrease of the number of TB in the liver
was observed as shown in Table 2A. This model shows stron-
ger human CTL induction and proliferation than conventional
SCID mouse-based model (CB17-SCID-PBL-hu) (Table 2B).

Therapeutic efficacy of this vaccine on monkey model. We are
developing a GMP level of DNA vaccine that contains two
expression units in one plasmid vector for future clinical trial.
In this study, we used a GMP level of DNA vaccine for the
evaluation of the potency in the monkey model of TB. Monkeys
were intratracheally instillated with 5 x 102 CFU of human TB
(Erdman strain). After TB infection, 9 times intramuscular
injection of this vaccine (total 400 wg/monkey) was conducred.
Therapeutic efficacy was evaluated on the basis of survival, ESR,
body weight, immune responses, chest X-ray and PPD skin test.
The monkey group treated with HVJ-Envelope/HSP65 DNA +
IL-12 DNA vaccine showed 100% survival (data not shown). In
contrast, the monkey group of control saline showed 60% sur-
vival. Thus, the therapeutic DNA vaccine improved the survival
rate of TB-infected monkeys, compared with the saline (control).

These data indicated the therapeutic efficacy of a GMP level
of DNA vaccine in TB-infected monkeys. :

Efficacy of granulysin-vaccines. Efficacy of granulysm in trans-
genic mice. We noticed the in vivo function of granulysin, since
it shows a cytolytic activity against Mycobacterium tuberculosis. -
The features of granulysin are as follows:

(1) Granulysin is cytolytic molecules expressed by human
CTL and NK cells and show the cytolytic activity against a vari-
ety of tumors and microbes, including Mycobacterium tubercu-
losis. Granulysin belongs to the saposin-like protein family chat
includes amoebapores and NK lysine. Recent studies show that
granulysin also has chemoattractant and proinflammatory activi-
ties. However, in vivo anti-microbe activity and anti-tuberculosis
activity of granulysin has not been elucidated yet.

(2) It has been reported that the granulysin 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.

(3) However, the precise role of granulysin in the in vivo
against the tuberculosis infection has not been elucidated yer.
Therefore, we have established granulysin transgenic mice to elu-
cidate mechanism of granulysin in vivo. We have established two
kinds of transgenic mice by using usual microinjection method:
15K granulysin transgenic mice and 9K granulysin transgenic
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Figure 3. Therapeutic efficacy of intradermal (i.d.) vaccination of
HVJ-Envelope/HSP65 DNA + IL-12 DNA, compared with intramuscular
(i.m.) or subcutaneous (s.c.) vaccination using intratracheally aerosol
infected DBA/1 mice. DBA/1 mice were infected with H37Rv TB by using
intratracheal aerosol challenge using aerosol chamber. One week after
challenge of TB, 100 p.g of HVJ-Envelope/HSP65 DNA + IL-12 DNA were
administered 6 times for 3 weeks by i.d, i.m, or s.c administration. Four
weeks after TB challenge, mice were sacrified, and CFUs of TB in the
spleen were evaluated. G1 vs. G2; p < 0.05; G1 vs. G3; p < 0.05; Student'’s
test.
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Figure 4. The establishments of 15K granulysin transgenic mice and 9K
granulysin transgenic mice. The efficacies of 15K granulysin transgenic
mice and 9K granulysin transgenic mice on TB infection were sum-
marized in this Figure. An anti-TB effect, the induction of CTL against
TB, the proliferation of T cells against TB and y-IFN production were
augmented in these transgenic mice, compared with wild type C57BL/6

mice.

mice. We measured CFU number of M. tuberculosis in the lung
four weeks after intravenous injection of TB (5 x 10° /mouse). As
shown in Table 3, reduction of CFU number was observed in 15K
granulysin transgenic mice compared with the normal C57BL/6
mice, indicating the in vivo anti-TB effect of 15K granulysin.
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As summarized in Figure 4, augmentation of immune responses
were also observed in 15K granulysin transgenic mice: in vivo
induction of cytotoxic T cells against TB, enhanced proliferation
of T cells stimulated with TB antigen and augmentation of cyto-
kine production. Furthermore, we examined synergistic effects
of the combination of two vaccines. As shown in Figure 5, the
combination of HSP65-vaccine and granulysin-vaccine showed
synergistic effects and 10 times reduction of the CFU number in
the liver of TB-infected mice was observed. The number of TB
in the liver was significantly reduced by the combination of two
vaccines.

Efficacy of granulysin-vaccine in monkey models. We examined
the efficacy of granulysin-vaccine in the therapeutic model of
TB. The survival rate of granulysin-vaccine (HV]-Envelope/15K
granulysin DNA vaccine)-treated group was 25% (1/4) at 1y
after TB infection (Fig. 6). In contrast, all monkeys in saline
group were died within 200 d after TB challenge. Thus, survival
rate at one year after TB infection was 0% (0/4).

The proliferation of PBL from the monkeys treated with gra-
nulysin-vaccine was augmented compared with that of control
(saline treated) monkeys (Fig. 7). These results indicated the effi-
cacy of granulysin-vaccine in therapeutic models using monkey.
Thus, granulysin-vaccine is effective in the monkey as well as the
mouse model of TB.

Efficacy of Ksp37-vaccine in therapeutic models. Ksp37 pro-
tein is produced from CTL, Type I helper T cell, y/8 T cell and
NK cell. Ksp37 is composed of 223 amino acids. We analyzed
the concentration of Ksp37 in the serum of patients with TB by
ELISA. The level of Ksp37 protein in the serum of patients with
TB (n = 31) was significantly lower than that of healthy volun-
teers (n = 60) (p < 0.05) (Fig. 8). This is first report suggesting
the relation between the serum level of Ksp37 and TB disease
(Fig. 8).

Therefore, we tried to elucidate the in vivo function of Ksp37
protein; especially function as an anti-T'B agent in vivo.

In the first step, we have established a Ksp transgenic mouse
for the analysis of function in vivo. We measured the CFU num-
ber of M. tuberculosis in the lung 3 weeks after TB aerosol infec-
tion. In Ksp transgenic mice, the CFU number of M. tuberculosis
was decreased compared with that of wild type control mice
(Fig. 9). This result indicated the anti-TB effect of Ksp37 in vivo.

These finding suggested that Ksp37 produced from CTL and
NK cell functions as an important anti- TB factor in humans
and mice.

Discussion

In the present study, we evaluated the potential of three kinds
of novel therapeutic vaccines (HSP65-, granulysin- and Ksp37-
vaccines) in mouse and monkey models of TB. All of the vaccines
showed anti-TB effects in therapeutic models. It is noteworthy
that efficacy of novel therapeutic vaccines were demonstrated
in monkey models as well as murine models. Thus, this is the
leading report of new vaccine against TB. According to our
knowledge, only a few therapeutic vaccines against TB have been
reported M HSPG5-vaccine as well as 15K granulysin-vaccine
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Figure 5. Therapeutic effect of granulysin DNA vaccine on TB-infected
(DBA/1) mice DBA/1 mice were infected with H37Rv TB using intratra-
cheal aerosol challenge. One week after challenge of TB, 100 p.g of HVJ-
Envelope/| HSP65 DNA + IL-12 DNA and/or 100 wg of HVJ-Envelope/gran-
ulysin DNA were injected i.m. into mice 6 times for 3 weeks. Four weeks
after TB challenge, mice were sacrified, and CFUs of TB in the liver were
evaluated. G1 vs. G2; p < 0.05; G1 vs. G3; p < 0.05; Student’s test.
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Figure 6. Therapeutic efficacy (survival) of HV)-Envelope/15K granu-
lysin DNA vaccine, 365 d after TB infection using cynomolgus monkey
models. 5 x 10?2 M. tuberculosis (Erdman strain) were intratracheally into
cynomolgus monkeys as described in Materials and Methods. Four
weeks after challenge of TB, 400 g of HVJ-Envelope/15K granulysin
were injected i.m. Six times every two weeks. Survival of monkeys
treated with this vaccine were evaluated for 1y (365 d).

delivered by HVJ-Envelope vector prolonged the survival and
augmented the immune responses in the cynomolgus monkey
model which closely mimics human TB disease. Thus, we are
tzking advantage of the availability of multiple animal models
and are accurmnulating essential data on the DNA vaccine/HV]-
envelope in anticipation of initiating a phase I clinical trial.

Itis very important to evaluate the long-term survival ina mon-
key model, as human TB is a chronic infectiorr disease. Thus, it is
necessary for the development of effective vaccine to evaluate the
long-term survival of monkey.?37? In this study, increase in the
survival rate was also observed in HV]-Envelope/15K granulysin
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vaccine-treated group, compared with saline-treated group (con-
trol group). In addition, it is noteworthy that histopathological
improvement was observed in the lung of vaccine-treated monkey
(365 d after TB infection). A lot of granulomatous lesions were
observed in lung of survived monkey, while a little or no such
lesions were observed in lung of saline-treated monkey, which had
died of TB within 200 d after TB challenge. Histology of granu-
lomatous lesions observed in this experiment was very similar to
human lung TB granuloma by histopathological examinations.

Efficacy of 15K granulysin-vaccine was studied in murine
models of TB. We used therapeutic models in this experiment.
Furthermore, we examined the synergistic effect of two vaccines
(the combination of HSP65- and granulysin-vaccines) in the same
therapeutic model. The results indicated the synergistic effect of
the combinational vaccination. Therefore, the combination of
these therapeutic vaccines might be useful for the development
of vaccines against human TB infectious disease. In summary, it
was demonstrated that granulysin-vaccine had a therapeutic effect
against TB in the mouse and monkey models of TB.

We also elucidated the in vivo function of Ksp37. Ksp37 is
expressed in cytotoxic lymphocytes, selectively in the effector sub-
set of CD8* T cells, CD16* NK cells and y/8T cells.'> Expression
of Ksp37 mRNA was closely correlated with good prognosis in
ovarian cancer cells and gliomas.'®"” However, detailed immu-
nological function has not been elucidated yet. We first revealed
that the level of Ksp37 protein in the serum of patients with TB
was lower than that of healthy volunteer. The result suggested
the relation between the serum level of Ksp37 and TB disease.
Next, we have established Ksp37 transgenic mice to elucidate
the in vivo role of Ksp37 in the defense against the infection of

Table 2. Therapeutic efficacy and Immune responses using IL-2 receptor
y-chain gene disrupted SCID-PBL/hu models

(A) Therapeutic efficacy

Treated CFU of T8 (log)
(O] 6.03 + 0.06
HSP65 DNA + IL-12 DNA 5404097
vaccine
(B) Immune reponses human CTL and T cell proliferation
IL-2 R y-chain(-/-) SCID human CTL (+++)
PBL-hu human T cell proliferation (+++)
CB17-SCID PBL-hu human CTL (+)

human Tcell proliferation ()

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.) . Ten
days after the third vaccination, mice were sacrificed and CFU of TBin
the liver of mice were accessed as described in Materials and Methods.
1 x 107 PBL from a healthy human volunteer were injected i.p.into
IL-2 receptory-chain disrupted NOD-SCID mice. Twenty one days after
injection of PBL, mice were challenged with 5 x 10° H37Rv i.v. and then
treated with vaccine. *Student's t-test was used to compare the CFU
of TB of each group (p < 0.05). Human immune responses [human CTL
activity and human T cell proliferation against alloantigen (CESS cells)]
of IL-2 receptor y-chain (-/-) NOD SCID PBL-hu mice were compared with
those of CB17-NOD-SCID PBL-hu mice. (+), weak; (+++), very strong.
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Table 3. In vivo anti-TB effect of 15kDa Granulysin Transgenic mouse

Lung
Number of M. tuberculosis
4 weeks after TB injection (log)

Mouse

G1 15K Granulysin Tg 53+0.35

G2 Wild Type C57BL/6 6.0+05
Mean + SD, n = 7; *p < 0.05 G1 vs. G2; Tukey-Kramer's HSD; in vivo inhibi-
tion of the growth of M. Tuberculosis in the 15K granulysin transgenic
mice; In vivo anti-TB effect of 15K granulysin transgenic mouse; Five
15 K granulysin transgenic mice and five wild type C57BL/6 mice were
injected with 5 x 10° H37Rv M. tuberculosis i.v. Four weeks after the
chalienge of M. Tuberculosis, mice were sacrificed. CFU of M. Tuberculo-
sis in the lungs of these mice were assessed described in Material and
Methods. Student's t-test was used (p < 0.05).

M. tuberculosis. Ksp37 transgenic mice showed in vivo anti TB
effect. Thus it was demonstrated that Ksp37 played an important
role in anti-TB function in human as well as mice bodies. Finally,
we examined the efficacy of Ksp37-vaccine in the mouse model
of TB. Similar to granulysin-vaccine, Ksp37-vaccine augmented
in vivo differentiation of CTL against TB (data not shown). In
addition, simultaneous administration of Ksp37- and granuly-
sin-vaccines induced CTL generation synergistically (data not
shown). Therefore, these findings indicate that granulysin- and
Ksp37-vaccine might provide very useful weapon as a novel TB
vaccine, in the monotherapy or combination therapy.

The HSP65 vaccine showed a significant therapeutic effect
against TB, as described previously: (1) Prolongation of survival
of mice infected with XDR-TB; (2) Decrease in the CFU of TB
in lung, liver and spleen of mice infected with MDR-TB as well
as drug-sensitive TB (H37Rv); (3) Decrease in the CFU of TB
in organs of mice challenged with TB in the in vivo humanized
immune model of SCID-PBL/hu.

Here, we revealed the synergistic effects of the combination
therapy of HSP65-vaccine and a first line chemotherapy drug
Isoniazid (INH). It is very important to make a suitable regimen,
which enables the treatment of the patient with TB to complete
within a shorter period. In such circumstances, our data demon-
strating the synergistic effect of the combinational therapy using
a DNA vaccine and a chemotherapy drug will provide a new
strategy for the treatment of TB.

We also revealed the importance of administration route of
DNA vaccine. Generally, vaccines are administrated either intra-
dermally (i.d.), intramuscullary (i.m.) or subcutaneously (s.c.).
Our data suggested that the intradermal injection is suitable for
the administration of our DNA vaccines. Therefore, in the mon-
key model we plan to conduct the efficacy study of intradermal
injection of this vaccine. We will compare the efficacy of intra-
dermal administration to conventional i.m administration.

In the recent study using cynomologus monkeys, it is sug-
gested that i.d. vaccination of HSP65-vaccine showed stronger
therapeutic effects against TB than i.m. vaccination on the
basis of the prolongation of survival and ESR (Erythrocyte
Sedimentation Rate).

DNA vaccine is a relatively new approach of immunization for
infectious diseases.>*'*?' We have developed a hemagglutinating
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virus of Japan envelope (HV]-Envelope) using inactivated Sendai
virus, as a nonviral 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 suit-
able as an efficient and safe vector for DNA vaccines.

The priority of development of vaccine(s) to prevent reactiva-
tion of TB will be increased, since large proportion of the world
is latently infected with TB. The combination of HSP65-vaccine
with conventional vaccine (BCG) showed synergistic effects in
the mouse and monkey models of TB and prolonged the survival
of animals. Therefore, it will be important to evaluate the cur-
rent vaccines as post-exposure vaccines. Combination of several
vaccines or combination of vaccines with drugs for chemotherapy
might provide a new insight for the prevention of the reactivarion
of TB.

In conclusion, our data indicated the synergistic therapeu-
tic effect of combination of HSP65-, granulysin- and Ksp37-
vaccines or combination of these DNA vaccines and first line
chemotherapy drug(s). Combinational therapy using vaccines
and antibiotics might provide novel rationale against MDR-TB
therapy. Furthermore, the efficacies of HSP65 vaccine and gra-
nulysin vaccine were confirmed in the murine therapeutic model
for XDR-TB and cynomolgus monkey therapeutic model. These
data will provide a rationale for moving this vaccine into clinical
trial. HSPG5-, granulysin- and Ksp37-vaccines might be useful
vaccines against TB including XDR-TB and MDR-TB after the

clinical trials.
Materials and Methods

Methods for the evaluation of the therapeutic efficacy of the
vaccine on the M. tuberculosis-infected monkeys. Cynomolgus
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Figure 7. Proliferation of PBL from monkeys vaccinated with HVJ-
Envelope/15K granulysin DNA by the stimulation with HSP65 antigen.
5 x 10? M. tuberculosis (Erdman strain) were intratracheally into cyno-
molgus monkeys as described in Materials and Methods. Four weeks
after challenge of TB, 400 pg of HVJ-Envelope/15K granulysin were
injected i.m. Six times every two weeks. The proliferation of PBL from
monkeys vaccinated with HVJ-Envelope/15K granulysin on 13 weeks
after TB challenge were assessed by the *H-TdR uptake of lymphocyte
for 3 d culture,

-Human Vaccines & Immunotherapeutics : : 531



monkeys were housed in a BL 3 animal facility of the Leonard
Wood Memorial Research Center. The animals were vaccinated
nine times with the HV]J-envelope with expression plasmid of
both HSPG65 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.2%”

The animals were vaccinated with HV]-Envelope/15K granu-
lysin DNA vaccine 6 times. Four weeks after challenge of TB,
400 g of HVJ-Envelope/15K granulysin were injected i.m. six
times every two weeks. Survival of monkeys treated with this
vaccine were evaluated. 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.

Methods for the evaluation of the efficacy of vaccines on the
M. tuberculosis-infected mice. DNA vaccines encoding M.
tuberculosis HSP65 and IL-12 were encapsulated into HV]-
Envelope.*$#2 HV]-Envelope were prepared as described pre-
viouslyl.*? 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 pg of pcDNA-mIL12p40p35-
F in the tibia both anterior muscles after TB challenge.?*® At
30 d after intravenous challenge of M. tuberculosis H37Rv and
MDR-TB, the number of CFU in the lungs, spleen, and liver
were counted and therapeutic efficacy of HV]-Envelope DNA
vaccines was evaluated.?*?” DBA/1 mice were treated with HV]-
Envelope/HSP65 DNA + IL-12 DNA vaccine three times i.m. at
1, 8 and 15 d after the challenge of 5 x 10° CFU MDR-TB i.v.
Therapeutic efficacy was also evaluated by chronic TB infection
model of mice using aerosol challenge of TB (15CFU/mouse:
Madison aerosol exposure chamber, University of Wisconsin).
Mice were maintained in isolator cages, manipulated in laminar
flow hoods and used between 8-10 weeks of age. All vaccina-
tions and experiments on isolate tissue of animal were done under
anesthetic 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.
All animal experiments were approved by the National Hospital
Organization Kinki-chuo Chest Medical Center Animal Care
and Use Committee.

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.?*-

Methods for the establishment of granulysin transgenic
mouse. Either 15K granulysin gene, 9K granulysin gene or secreted
9K granulysin DNA (15K Gra secretory signal DNA was fused into
N-terminal of 9K granulysin DNA) were transferred to expressing
plasmid DNA (pCAGGS) having CAG promoter. DNA fragment
was injected to pronuclei embryo and grafted to 200 foster parents.
Two types of 15K granulysin Tg mice, 3 types of 9K granulysin Tg
mice and 6 types of secreted 9K granulysin Tg mice were made.
Granulysin activity was assessed by monoclonal antibody target-
ing 15K granulysin and 9K granulysin. Mycobacterium tuberculosis
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Figure 8. Killer specific secretory protein of 37kDa (Ksp37 protein) in the
serum of patients with tuberculosis. Ksp37 protein in the serum of 31
patients with TB and 60 healthy volunteers were assessed by ELISA.

CFU(x10%)

30 0
f N ]
f 1
25 l‘“‘“'—‘tl 2 G1: 9k Granulysin Tg
20
@ G2; 15K Granulysin Tg
15

e B G3: Ksp37 Ty
10 | B p37Tg

0O G4: C57BL/6

* P<0.05
Student’s t test

lung colony

Figure 9. In vivo anti-TB effect of Ksp37 transgenic mice. Ksp37 Tg mice
were established as described in Materials and Methods. Ksp37 Tg mice,
15K granulysin Tg mice, 9K graunlysin Tg mice and wild type C57BL/6
mice were infected with H37Rv TB by using mtratracheal aerosol chal-
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lenge using aerosol chamber.

H37Rv 5 x 10° CFU was intravenously injected to 15K granuly-
sin Tg mice, 9K granulysin Tg mice, wild type (control) mice and
normal C57BL/6 mice (8-12weeks).>” 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 cultivated
for 14 d on 7H11 agar medium. Then, the number of colony of
Mycobacterium tuberculosis was measured.”»?

Method for the establishment of Ksp37 transgenic mouse.
Ksp37 gene were transferred to expressing plasmid DNA
(pCAGGS) having CAG promoter. DNA fragment was injected
to pronuclei embryo and grafted to 200 foster parents. Two types
of Ksp Tg mice (#13, #14) were made. Ksp activity was assessed
by monoclonal antibody targeting Ksp 37.

Reagents. Isoniazid (INH) was obtained from Sigma Co. Ltd
(lot No. 117K0712). Rifampicin (RFP) was obtained from Sigma
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Co. Lid (lot No. 087K18753). An amount of 0.03 mg/mouse of

INH and 0.1 mg/mouse of RFP were administered to mice per os.

Statistical analysis. Student’s t tests and Tukey-Krumer’s test
were used to compare log 10 value of CFU between groups fol-
lowing challenge of TB. Student’s t tests were also performed to
compare immune responses between groups in T cell prolifera-
tion assay. A P-value of < 0.05 was considered significant.
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Induction of pathogen-specific CTL in the mouse
and monkey models of tuberculosis
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Results: HSP65 + IL-12 DNA vaccine showed higher protective efficacy compared with BCG in both mouse and monkey
models of TB. It induced the TB-specific CTL in the mouse model of TB, while little level of activity was observed after
the injection of BCG. It also showed strong therapeutic efficacy against MDR-TB. In the monkey model, the vaccine
augmented the production of IFN~y and IL-2 from PBL and the therapeutic effect was cotrelated with the level of IL-2. We
next evaluated the potential of DNA vaccine encoding a granulysin, which is an important defensive molecule expressed
by human T cells. We found that granulysin-encoding vaccine induced the differentiation of the CTL in vitro and in vivo.
It also showed therapeutic efficacy against TB in the monkey as well as the mouse model. The DNA vaccine encoding a
Ksp37 aiso induced the TB-specific CTL in vitro and in vivo in the mouse model. It augmented the production of IL-2, IFN-y
andIL-6 from T cells and spleen cells. A synergistic effect on the activation of the TB-specific CTL was observed by the
combination of Ksp37 DNA vaccine with granulysin DNA vaccine.

Purpose and Methods: Emergence of the multi-drug resistant (MDR) Mycobactenum tuberculosis (TB) isa blg prob-
lem in the world. We have developed novel TB vaccines [DNA vaccines encoding HSP65 + IL-12, granulysin or killer-
specific secretory protein of 37kDa (Ksp37)] using Hemagglutinating virus of Japan -envelope (HVJ-E). It is suggested
that the activity of the TB-specific CTL is one of the most important factor for the resistance to TB and immunity for TBin
chronic human TB disease. Therefore, we examined the level of activation of the TB-specific CTL after the administration

of these vaccines.

Conclusion: These data indicate that our novel vaccines (HSP65 + IL-12 DNA, granulysin and Ksp37) have a capablhty
to activate the TB-specific CTL and will be very strong protective and therapeutic vaccines against TB.

Introduction

Tuberculosis is a major global threat to human health, with about
2 million people dying every year from Mycobacterium tuber-
culosis (TB) infection. The only tuberculosis vaccine currently
available is an attenuated strain of Mycobacterium bovis BCG
(BCG), although its efficacy against adult TB disease remains
controversial. Furthermore, multi-drug resistant tuberculosis

(MDR-TB) and extremely drﬁg resistant TB (XDR-TB) are
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becoming big problems in the world. It has been reported that a
cytotoxic T-lymphocyte (CTL) is activated during the induction
of host protective immune responses to TB."* In such circum-
stances, the development of therapeutic vaccine against TB as
well as prophylactic vaccine against TB is expected. Therefore,
we have recently developed a novel TB vaccine, a DNA vaccine
expressing mycobacterial heat shock protein 65 (HSP65) and
interleukin-12 (IL-12) delivered by the hemagglutinating virus
of Japan (HVJ)-liposome (HSPG5 + IL-12/HV]). This vaccine
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HVI-E : Delivery system/adjuvant for DNA vaccine
{Hemagglutinating Yirus of Japan)
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Figure 1. HVJ-Envelope exerts strong adjuvant activity by the induction of CTL/NK and repression of regulatory T cells via the activation

was 100-fold more efficient than BCG in the murine model on
the basis of the elimination of M. tuberculosis, which is mediated
by the induction of CTL."»¢ Furthermore, the HSP65 + IL-12
vaccine delivered by HV]-envelope was 10,000-fold more effi-
cient than BCG in the murine TB-prophylactic model. This vac-
cine induced a strong activity of CTL against TB, while BCG
vaccine induced little activity of CTL in the same model. It is
considered that CTL is most important lymphoid cells for the
immunity to TB in chronic human TB discases. In the present
study, we analyzed CTL activity and IFN-y production after
the vaccination with our vaccines. We also evaluated the pro-
phylactic effect in the cynomolgus monkey and mouse models
of TB. A nonhuman primate model of TB is an excellent model
of human tuberculosis and provides a lot of information for vac-
cine development. In fact, we previously evaluated the protec-
tive effects of HSP65 + IL-12/HV] vaccine in the cynomolgus
monkey model and obtained a data indicating the synergistic
effect of the HSP65 + IL-12/HV] and BCG injected by a prime-
boost method.>” The combination of the two vaccines showed a
strong prophylactic efficacy in the monkey model infected with
M. tuberculosis (100% survival). We have previously obtained a
similar data in the monkey model of TB.>*# In the present study,
we examined the production of cytokines (IFN-y and IL-2) from
PBL and revealed the correlation of cytokine levels and efficacy
in the monkey model of TB. We also compared the production
levels of these cytokines between the combinatorial vaccination
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(BCG prime and HSP65+IL12/HV]J vaccine boost) group and
BCG vaccination group. We also evaluated the potential of other
novel vaccines (DNA vaccines encoding granulysin or Ksp37),
which were expected to induce the differentiation of CTL against
TB. Granulysin is a protein secreted from T cells and NK cells
and has an antibacterial effect on TB. Killer-specific secretory
protein of 37 kDa (Ksp37) vaccine also showed anti-TB efficacy
mediated by the induction of CTL. Synergistic effect on the acti-
vation of CTL in vitro was observed by the simultaneous admin-
istration of Ksp37- and granulysin-based vaccines. In the present
study, we further demonstrated the correlation of the activation
of CTL and the efficacy of these novel vaccines (HSP65 + IL-12/
HV]J-E DNA vaccine, granulysin vaccine and Ksp37 vaccine) in
the mouse and monkey models.

Results

Induction of CTL by HSP 65+IL-12/HV] DNA vaccine in the
mouse model of TB. The advantage of HV]-Envelope vector is
shown in Figure 1. (1) HVJ-Envelope is efficient delivery system
and functions as an adjuvant for DNA vaccine, (2) It induces
CTL and NK cell, (3) It induces a production of IL-6 which sup-
presses the regulatory T cell (T reg) and (4) It activates the innate
immunity by the stimulation of RIG-I signaling pathway.

Mice were immunized threc times with the DNA vaccine
using HVJ-Envelope avery three weeks. Four weeks after last
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immunization, H37Rv M.tuberculosis (M.tb) was challenged.
Five weeks after the challenge of M.tb, mice were sacrificed and
C.F.U. of M.tb in lung, liver and spleen were accessed as reported
previously.>*!" The C.F.U. of lungs in BCG vaccine alone group
was decreased in 1 log compared with non-vaccinated mice
group. The combination of the DNA vaccine (HSP65 DNA +
1L-12) and BCG using prime-boost method enhanced the pro-
phylactic efficacy (more than 10,000-fold) in the mouse model
of TB (BCG prime-DNA vaccine boost). This regimen (BCG-
prime then DNA vaccine boost) strongly increased the number
of IFN-y producing cells as compared with BCG vaccine alone
(Table 1).

CD8* CTLs have been considered as critical effectors of
protective immunity to M. tuberculosis. This vaccine induced
CD8* CTL against TB, whereas a little or no CTL response was
observed in either the naive or BCG-vaccinated mice (Figs. 2
and 3). We used HSP65 DNA-transfected syngenic tumor cells
as target cells for CTL. This vaccine augmented the induction of
CD8* CD4" CTL against target cells in vivo. On the other hand,
a little or no CTL response was observed in BCG-vaccinated
mice (Figs. 2 and 3).

Furthermore, we revealed that CD8* T cells aswell as CD4* T
cells were necessary for the prophylactic effficacy of this vaccine.
The administration of anti-CD8 antibody or anti-CD4 antibody
during the whole immunization period decreased the antibacte-
rial immunity against TB and increased the number of C.F.U in
lungs (Table 2). Simultaneous administration of anti-CD8 and
anti-CD4 antibodies resulted in the further increase of the num-
. ber of C.F.U in lungs (Table 2).

T cell activation by HSP 65+IL-12/HV] DNA vaccine in the
monkey model of TB. We used cynomolgus monkeys and prime-
boost methods for the evaluation of our vaccines. We immunized
monkeys with BCG Tokyo as a prime vaccine, and then immu-
nize them with this vaccine as a boost vaccine. Survival rate of
monkeys vaccinated with BCG prime-HSP65+1L-12 DNA boost
was 100%. In contrast, survival rate of monkeys vaccinated with
BCG alone was 33%. Thus, prime-boost method showed stron-
ger efficacy than the method vaccinated with BCG alone (data
not shown).

IFN-vy production from PBL was the highest level in the mon-
key group immunized with BCG prime-HSP65+IL-12/HV] DNA
vaccine boost (Fig. 4A). The strongest production of IL-2 from
PBL was also observed in same group (Fig. 4B). Thus, in mon-
key as well as in mouse, we demonstrated that the combination of
BCG Tokyo as a prime vaccine and the DNA vaccine as a boost
vaccine is suitable method to get the prophylactic efficacies against
TB. The prime-boost method efficiently induced the TB-specific
CTL and also induced the production of IFN-y and IL-2.

In Japan, BCG Tokyo vaccine is immunized in all infants.
Thus it is expected to function as a prime vaccine. Therefore,
we need the administration of novel vaccines (boost vaccines)
for adults in Japan. We plan to use similar prime-boost method
(BCG prime-DNA vaccine boost) in future clinical trial.

Correlation of IL-2 production and the therapeutic efficacy
of HSP65+1L-12/HV] DNA vaccine in the monkey model of
TB. This vaccine showed therapeutic efficacy against MDR-TB
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Table 1. ELISPOT assay for IFN-y antigen-specific responses in the
spleens of vaccinated mice following stimulation with HSP65 protein

Vaccination Number of IFN-vy secreting cells/
(1#/2m4/3) (10°splenocytes)
G1 /-1 3 + 1
G2 -/-/BCG 13 +
G3 DNA*/DNA/DNA 16 +
G4 BCG/DNA/DNA 115 + 12

*DNA means HVJ-Envelope/HSP65 DNA+IL-12 DNA vaccine. Spleen cell
cultures were stimulated with rHSP65 protein for 20 h. The number of
IFN-vy-secreting celis specific for tHSP65 protein per million cells was
determined individually by ELISPOT assay. Resuits are expressed as the
mean + S.D. of 6 wells of 3 mice per group. The statistically significant
differences of the G1 (naive) group compared with the G2 (BCG alone
group), G3 (DNA / DNA / DNA) or G4 (BCG / DNA / DNA) were observed
(p < 0.01). The statistically significant difference between G2 group
and G4 was observed (p < 0.01). The statistically significant difference
between G3 group and G4 was observed (p < 0.01).

and XDR-TB as well as drug-sensitive TB in mice.>'"'? Therefore,
we confirmed the therapeutic efficacy of the DNA vaccine and T
cell responses induced by the DNA vaccine in the monkey model
of TB. To establish the model of TB, human TB (5 x 10? CFU)
was intratracheally instillated in monkeys. After the TB infec-
tion, DNA vaccine was injected intramuscularly 9 times, three
times a week. Therapeutic effect was evaluated on the basis of
survival, ESR, body weight, immune responses, chest X-ray and
PPD skin test. :

Injection of the therapeutic vaccine improved the survival
of monkeys, as compared with the saline (control) group. No
death was observed in monkey group treated with HSPG5 +IL-
12/HV] DNA vaccine. In contrast, the survival rate of control
saline group was 60% (data not shown). The proliferation of PBL
after the stimulation with HSPGS was measured to evaluate the
immune response. The proliferation of PBL from the monkeys
treated with the DNA vaccine was more augmented than that
from the monkeys treated with saline (data not shown). IL-2 pro-
duction from PBL after the stimulation with killed TB H37Ra
antigens was also examined. The level of IL-2 was higher in the
DNA vaccine-treated group than that in saline control group
(Table 3A). In addition, the IL-2 production from PBL after the
stimulation with PPD was seemed to correlate with the survival
after TB challenge. The level of IL-2 production of died monkeys
was significantly lower than that of survived monkeys in saline
group at 53days after TB challenge (Table 3B). IL-2 production
by the stimulation with HSPG5 protein was also extremely low
level in died monkeys (data not shown). These data suggested
that therapeutic efficacy of this vaccine correlate with the level of
IL-2 production.

Induction of CTL by 15K granulysin vaccine. Granulysin is
protein especially abundant in CTL and NK cells. It is be clas-
sified into two major protein products [15kDa (15K) granuly-
sin and 9kDa (9K) granulysin]. Latter granulysin (9K) exhibits
potent cytotoxic activity against a broad panel of microbial tar-
gets, including bacteria, fungi and parasites. Granulysin is pres-

ent in human Ci2* (and some CD4*) CTLs, NK cells, NKT
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efficiently induce TB-specific CTL
and enhance its therapeutic effect
against TB infection by means of
such a positive feedback loop system
(Fig. 5). ‘

CTL induction by Ksp37 vac-
cine. To investigate the immune
function of Ksp37 protein, in vitro
CTL induction by the addition of
recombinant Ksp37 protein was ana-
lyzed in murine system. Splenic T
cells from C57BL/6 were cultured

with alloantigen (BALB/c spleen

conventional *'Cr release assay as described in Materials and Methods.

Figure 2. Induction of CD8* CTL specific for HSP65 protein and M. tuberculosis by vaccination with HVJ-
Envelope/HSP65 DNA+IL-12 DNA. Spleen cells from the naive, BCG-, and HVJ-Envelope/HSP65 DNA+HL-12
DNA vaccinated mice were obtained eight weeks after the final vaccination. Cytotoxicity was assayed as
release of radioactivity from *'Cr-labeled P815 target that had been transfected with HSP65 DNA using

cells) in the presence or absence of
recombinant Ksp37 for five days.
Induction of in vitro CTL differ-
entiation was observed by the addi-
tion of recombinant Ksp37 (Fig. 6),

cells and y/3 T cells. However, the precise function of 15K gran-
ulysin has not yet been elucidated. We found that 15K granulysin
was secreted from CD8 positive CTL, could enter into human
macrophages and killed M. tuberculosis in the cytoplasm of mac-
rophages. Expression of 15K granulysin protein and mRNA in
CD8 positive T cells in the patients with Tuberculosis was sig-
nificantly lower than those in the healthy volunteers. Moreover,
the induction of 15K granulysin production after the stimula-
tion with PPD antigen was suppressed in the supernatants of PBL
from TB patients (data not shown).

Recombinant 15K granulysin protein enhanced the in vitro
induction of human CTL in the MLC culture (Table 4A). In
vivo induction of CTL in the spleen was augmented by the
administration of recombinant 15K granulyin into C57BL/6
mice (Table 4B). The administration of recombinant 15K gra-
nulysin also augmented in vivo induction of CTL in the lymph
node and PEC (peritoneal exudate cells) (Table 4B).

Synergistic effect was observed by the combination of recom-
binant 15K granulysin and IL-G-related DNA vaccine (IL-6+
IL-6 receptor + gp130 DNA vaccine). In vivo induction of CTL
specific for HSP65 TB antigen was augmented by the combina-
tion of two vaccines (data not shown). Two types of granulysin
vaccines (recombinant 15K granulysin and 15K granulysin DNA
vaccine) showed strong therapeutic efficacy in the mice infected
with TB by aerosol challenge, resulted in the decrease of the
number of C.F.U. in the lungs, liver and spleen (data not shown).

The granulysin (15K) has function as a CTL differentiation
factor (Fig. 5). It augmented the differentiation of CTL from
precursor CTL into effecter CTL. Thus, this is a first report that
reveals the novel function of 15K granulysin (inducer of CTL
“differentiation). Effector CTLs produce 15K grznaulysin which
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suggesting that Ksp37 has function
asa CTL differentiation factor.

IL-2 production from T cells and spleen cells was augmented
by the addition of Ksp37 protein (Fig. 7A). Ksp37 also aug-
mented the production of IFN-y and IL-6 from murine spleen
cells in vitro (Fig. 7B and C). Thus, Ksp37 is an inducer of mul-
tiple types of cytokines (IFN~y, 1L-2 and IL-6).

In order to study the immune function of Ksp37 in vivo,
induction of CTL by the administration of Ksp37 DNA vaccine
was investigated in murine system. Augmentation of CTL dif-
ferentiation in vivo in the PEC was observed by the treatment
with Ksp37 DNA vaccine (Fig. 8). Thus, Ksp37 DNA vaccine
functioned as an inducer of CTL in vivo as well as in vitro.
Furthermore, synergistic effect on the in vitro CTL induction
was observed by the simultaneous treatment of Ksp37 and gra-
nulysin vaccines (Fig. 9).

Taken together, we established three kinds of novel vaccines
and examined their potential in the mouse and monkey models
in vitro and in vivo.

We demonstrated that: (1) HSP65+IL-12/HV]J-E DNA vac-
cine (HSPG65 vaccine) had a prophylactic effect against TB. We
revealed the induction of CD8* CTL and CD4* T cell were
required for the protective efficacy of HSPG5 vaccine. We also
confirmed currently available vaccine (BCG vaccine) induced
a litele or no TB-specific CTL; (2) We also revealed the 15K
granulysin functioned as a cytotoxic T cell differentiation fac-
tor (CTL differentiation factor). The production of granulysin
is regulated by the positive feedback system. Thus, granulysin-
based vaccine might have a strong therapeutic potency against
TB, since it is expected 1o effectively induce TB-specific CTL;
(3) We also revealed that Ksp37 acts'as a CTL differentiation
factor in human and mouse. Ksp37 vaccine augmented the pro-
duction of IL-2, IFN-vy, and IL-6 from murine T eells and spleen
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