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Figure 6: Histopathological analysis of vaccinated mice 5 weeks after M. tuberculosis challenge. Representative photomicrographs of
lung tissue sections harvested from the G1 naive control group, G2 (BCG alone) group, G3 group (DNA/DNA/DNA), and G4 group
(BCG/DNA/DNA) are shown (5 weeks after M. tuberculosis challenge, hematoxylin and eosin staining, X 4 objective). There was much
infiltration of mononuclear cells and extensive parenchymal destruction by large, poorly demarcated granuloma in the lungs from the G1
(naive control) group and G2 (BCG alone) group. In the G3 (DNA/DNA/DNA) group and G4 (BCG/DNA/DNA) group, there was less

inflammation, and only a few granulomas were observed.

Boosting BCG vaccination with MVA85A downregulates the
immunoregulatory cytokine TGF-1 [29]. 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 [30]. Several vaccines have been
used with a prime-boost strategy to complement immune
responses [31].

DNA vaccines are a relatively new approach to induce
immunities for the protection of infectious diseases [14, 19,
22, 32-34]. Prophylactic and therapeutic DNA vaccines were
established by using several kinds of vectors such as HV]J-
liposome, HVJ-E, adenovirus vector, adenoassociated virus
vector, and lentivirus vector [19-22, 35, 36]. In order to
explore the preclinical use of a tuberculosis DNA vaccine
combination of IL-12 DNA with hsp65 DNA, we chose
the HVJ-based delivery system (HVJ-liposome and HV]J-
E). These systems have high transfection efficiency and are
available for repeated in vivo gene transfection without
reduction of gene transfer efficiency or apparent toxicity.

These characters of HV]J-liposomes support the feasibility of
its clinical application not only for cancer gene therapy but
also for DNA vaccinations. In a recent study, highly efficient
gene expression in muscle cells was observed for several
weeks when pcDNA3 plasmid containing the human tumor
antigen genes, MAGE-1 and MAGE-3, were encapsulated
in HVJ-liposomes and injected intramuscularly in mice
[37]. Effective induction of CD4* T-cell responses by a
hepatitis B core particle-based HIV vaccine was achieved
by subcutaneous administration of HV]-liposomes in mice
[38]. HV]J-liposomes were also very effective as a mucosal
vaccine against HIV infection [39]. Thus, it is likely that
HV] proteins may be responsible for the induction of a
robust immune response. No side effects were observed when
repetitive injections of HVJ-liposomes were performed in
mice, rats, or monkeys. We have previously developed an
HVJ-E using inactivated Sendai virus, as a nonviral vector
for drug delivery [40-42]. It can be used for efficient delivery
of DNAs, siRNAs, proteins, and anticancer drugs into cells
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FIGURE 7: Granuloma index of the G1, G2, G3, G4, and G5 (DNA/DNA/BCG) groups in the lungs 5 weeks and 10 weeks after M. tuberculosis

challenge. Results are expressed as the mean = S.D. of triplicates of
groups was determined by Dunnett test, P < .01 as compared with
with the BCG alone (B*
the G4 group.

both in vitro and in vivo [40, 43, 44]. Therefore, HV}-E was
used as an efficient and safe vector for DNA vaccine against
TB in the present study.

Mycobacterial heat shock protein 65 (HSP65) is a poten-
tial target for protective immunity and has been studied
extensively [19]. Several studies have reported that hsp65
DNA vaccines can strongly induce protective immune
responses in mice against virulent M. tuberculosis infections
[20-22]. Protection is attributed to the establishment of
a cellular immune response dominated by HSP65-specific T
cells which produce IFN-y and are cytotoxic towards infected
cells. Furthermore, Lowrie and colleagues have reported that
this vaccine reduces bacterial loads in mice infected with M.
tuberculosis when given therapeutically after infection [32].

One of the major roles of IL-12 is the induction of [FN-y-
mediated immune responses to microbial pathogens. Cooper
and colleagues have demonstrated the importance of 1L-12
in generation of the protective response to tuberculosis [45].
Coadministration of the /L-12 gene, which induces an IFN-
y-mediated immune response to microbial pathogens, with
various tuberculosis DNA vaccines including hsp65 DNA
[46], and 35 KMW DNA [47], may boost the efficacy of
these DNA vaccines to the levels achieved with BCG in the
mouse model, although an inhibitory effect rather than a
synergistic effect on immunotherapy was observed in mice
coadministered isp65 DNA vaccine plus the IL-12 gene [32].

5 mice per group. The statistical significance of differences between the
the naive (N) group or the BCG alone (B) group. P < .05 as compared

) group. The statistical significance of differences (P < .05) of granuloma index of 5 weeks G3 group compared to

In conclusion, we have shown efficacy of a novel HVJ-E
DNA vaccine encapsulating HSP65 DNA with IL-12 DNA in
the mouse model of TB. These results suggest that HSP65
+ IL-12/HV] could be a promising candidate for a new
tuberculosis vaccine superior to BCG. To this aim, protective
efficacy and immune responses were further studied in
nonhuman primates before proceeding to human clinical
trials. v

In Japan and other countries, BCG is inoculated into
human infants up to 6 months after birth. Therefore, BCG
prime in infants and HSP65 + hiIL-12/HV] boost in adults
(including junior high school students, high school students,
and the elderly) may be required for significant improvement
of clinical protective efficacy against TB. Thus, our results
with the HSPG5 + hIL-12/HV] vaccine in a murine prophy-
lactic model and cynomolgus monkey prophylactic model
provide a significant rationale for moving this vaccine into
clinical trials. Indeed, multiple animal models are available
to accumulate essential data on the HVJ-E DNA vaccine in
anticipation of a phase I clinical trial.

4. Conclusions
Vaccination by BCG prime with a novel vaccine (IgHSP65

+ mlL-12/HV]-E) boost resulted in significant protective
efficacy (10,000-fold greater than BCG alone) against TB
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Ficure 8: ELISPOT assay for IFN-y antigen-specific responses
in the spleens of vaccinated mice following stimulation with
rHSP65 protein. Spleen cell cultures were stimulated with rHSP65
protein for 20 h. The numbers of IFN-y-secreting cells specific for
rHSP65 protein per million cells were determined individually by
ELISPOT assay. Results are expressed as the mean = S.D. of 6
wells of 3 mice per group. The statistical significance of differences
between individual groups in the number of IEN-y-secreting cells
was determined by Dunnett test. The statistical significance of
differences (P < .01) of the G1 (naive) group compared to the G2
(BCG alone group), G3 (DNA/DNA/DNA), G4 (BCG/DNA/DNA),
or G5 (DNA/DNA/BCG). The statistical significance of the G2
group difference (P < .01) compared to the G4 or the G5. The
statistical significance of the G3 group differences (P < .01)
compared to the G4. P < .01; the G4 group compared to the G5.
The statistical significance of the G3 group differences (P < .05)
compared to the G5.

infection in the lungs of mice. In addition to bacterial
loads, significant protective immunity was demonstrated by
histopathological analysis of the lungs. This vaccine showed
extremely significant protection against TB, suggesting that
further development for eventual testing in clinical trials may
be warranted.
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Granulysin and new DNA vaccine against tuberculosis
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Abbreviations: HV], hemagglutinating virus of Japan; CTL, cytotoxic T cell; MDR-TB, multi-drug resistant tuberculosis;
XDR-TB, extremely drug resistant tuberculosis

Purpose: Multi-drug resistant (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 mycobacte-
rial heat shock protein 65 and IL-12 was delivered by the hem-
agglutinating 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 TBinfection 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
best animal 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.

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

*Correspondence to: Masaji Okada; Email: okm@kch.hosp.go.jp
Submitted: 9/24/10; Accepted 10/7/10
DOI: 10.4161.hv.7.0.14563
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Introduction

Tuberculosis is a major global threat to human health, with about
two 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. In such circumstances, the
development of therapeutic vaccine against TB as well as pro-
phylactic 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) delivered by the hemagglutinating virus of Japan (HV])-
liposome (HSP65+IL-12/HV]J). 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+IL-12/HV] vaccine using
HVJ-envelope was 10,000-fold more efficient than BCG in the
murine TB-prophylactic model. A nonhuman primate model of
TB will provide information 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. ruberculosis (100% sur-
vival) as we have seen previously in the murine model of TB.2*
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]J vaccine
on the MDR-TB infection and XDR-TB infection in murine and
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Figure 1. HVJ- envelope vaccination. pcDNA3-1/HSP65DNA+L-12DNA were incorporated into HVJ-Envelope Empty Vector (Non-Viral Vector). Cartoons
of HVJ-Envelope Empty Vector in the presence or absence of DNA were shown. Photographs of an electronic microscope (EM) of HVJ-Envelope Empty

Vector were also shown.

therapeutic effect of this vaccine on TB infection monkey mod-
els, and obtained the results 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 HSP65 and human IL-12
were encapsulated into HV]-Envelope or HVJ-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 wg of pcDNA-IgHsp65 and 50 g of pcDNA-
mlIL12p40p35-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). HV]-Envelope DNA vaccines encapsulating
combination of pcDNA-IgHsp65 and pcDNA-mIL12p40p35-F
was designated as IgHsp65+mIL-12/HVT in this texe. CTL activ-
ity was assessed by *'C -release assay."'> At 30 days after intrave-
nous challenge of M. ruberculosis 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
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MDR-TB HSPGS5 + IL-12 DNA
H37Rv vaccinetBCG Sacrifice
5X105 i-v * CFU of
M.tuberculosis
1 l l l lung
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¢ Immune responses

against M.TB
Cytotoxic T cell
Proliferation
Cytokines

etc.

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 dewatron (SD)] for CFU/organ/ammal
were ca!culated

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 low 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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Figure 3. Therapeutic efficacy of HVJ-Envelope/HSP65 DNA+IL-12 DNA vaccine on the MDR-TB infection in the TNFR gene disrupted DBA/1 mice.
Groups of mice were challenged by intravenous injection with 5x10° CFU MDR-TB, and then treated three times with HVJ-Envelope/HSP65 DNA+IL-12
DNA vaccine, as described in Materials and Methods. Thirty days after challenge, therapeutic efficacy was measured by enumerating the bacterial
loads (CFU) in the spleen. Results are expressed as the mean log10 + S.D.of CFU. The statistical significance of differences between individual groups
in the number of CFU was determined studen't test (n=4-5). *P<0.05, the statistical significance of differences (P<0.05) of G1 (naive) group compared to

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 HSP65 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 references 2 and 5.

Resulis

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.
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As shown in Figure 3 and 4, HVJ-Envelope/HSPG5
DNA+IL-12 DNA vaccine treatment significantly reduced the
bacterial loads of MDR-TB in the liver 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. 5). By using this
model, therapeutic efficacy of this vaccine was also observed (Fig,
6). At 8 weeks after intratracheal aerosol infection of TB, the num-
ber 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 vaccination
with HV]-Envelope/HSP65 DNA+IL-12 DNA showed signifi-
cantly therapeutic efficacy even in SCID-PBL/hu mice which
exerted human T-cell immune responses (Table 1).
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Table 1. The development of Novel vaccines for M. tuberculosis using animal model

Vaccine Mouse
Prophylactic Effect 10,000-fold
than BCG
HVJ-Envelope/HSP65 DNA+IL-12 DNA Therapeutic Effect

Therapeutic Effect against
MDR-TB XDR-TB

prophylactic Effect 100-fold

HVJ-liposome/HSP65 DNA+IL-12 DNA effective 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 |, If)
plan effective effective
plan plan
effective effectlv_e (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)

liver

& en()

[[] G2:HVJ-EfHsp65 DNAHL-12

®\ Gs:HVJwEIHspGSDNAﬂL-‘l2+BC(1

mean % SD, n = 4-5
* p<0.05 G1 vs G2, Tukey-Kramer’s HSD

Figure 4. Therapeutic efficacy of HVJ-Envelope/HSP65 DNA+IL-12 DNA vaccine on the MDR-TB infection in the TNFR gene disrupted DBA/1 mice.
Groups of mice were challenged by intravenous injection with 5x10° CFU MDR-TB, and then treated three times with HVJ-Envelope/HSP65 DNA + 1L-12
DNA vaccine, as described in Materials and Methods. Thirty days after challenge, therapeutic efficacy was measured by enumerating the bacterial
loads (CFU) in the liver. Results are expressed as the mean log10 + S.D.of CFU. The statistical significance of differences between individual groups in
the number of CFU was determined studen’t test (n=4-5). *P<0.05, the statistical significance of differences (P<0.05) of G1 (naive) group compared to

G2 (HVJ-Envelope/HSP65 DNA+IL-12 DNA).

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/3 T cells. We found that
15 K granulysin was secreted from CD8 positive CTL, could
enter into human macrophages and killed M. tuberculosis in the
cytoplasm of macrophages (Fig. 7). Recombinant 15 K granu-
lysin protein enhanced the in vitro induction of human cyto-
toxic T cells in the 5 day MLC culture (Fig. 8). Synergistic
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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 HSP65 TB antigen in the mice stimulated with killed
TB antigens (Fig. 9). Granulysin vaccines (recombinant 15 K
granulysin and 15 K granulysin DNA vaccine) exerted strong
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 efficacy
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Figure 5.Therapeutic efficacy of TB vaccines using chronic TB infection
model by aerosol challenge of TB. Therapeutic efficacy was evaluated
by chronic TB infection model of mice using aerosol challenge of TB.
Mice were challenged intratracheally by aerosol of M.tuberculosis H37Rv
in saline (15 CFU/mouse) using Madison aerosol exposure chamber.
Five weeks after the challenge of TB, mice were treated with HVJ-
Envelope / HSP65 DNA + IL-12 DNA six times, every 3 days i.m.. Eight
weeks after the challenge of TB, therapeutic efficacy was measured by
enumerating bacterial loads (CFU) in the lungs, liver and spleen from
vaccinated mice.
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Figure 7. The hypothesis models of anti-tuberculosis immunity by
granulysin produced from human cytotoxic T cell.

Figure 6. Therapeutic efficacy of HVJ-Envelope / HSP65 DNA + IL-12
DNA vaccine on chronic TB infection model of mice using aerosol
chamber. DBA/1 mice were challenged intratracheally by aerosol of
M.tuberculosis H37Rv (15 CFU/mouse). After the treatment of HVJ-Enve-
lope / HSP65 DNA + IL-12 DNA vaccine 6 times i.m,, therapeutic efficacy
was measured by enumerating bacterial loads (CFU) in the lungs from

vaccinated mice.

of HVJ-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 (Fig. 10).

Therapeutic efficacy was evaluated by survival, ESR, body
weight, immune responses, chest X-ray findings and PPD skin
test (Fig. 11).

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 HV]-
Envelope/HSP65 DNA+IL-12 DNA (data not shown). This
vaccine also improved the survival of monkeys, compared to the
saline (control) group, after TB challenge (Fig. 12). All five mon-
keys were alive in the group of HV]-Envelope/HSP6SDNA+IL-
12DNA vaccine (100% survival) at 16 weeks after challenge. In
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contrast, only three monkeys out of five were alive in the saline
control group (60% survival) (Fig. 12 and Table 2). The num-
ber of monkeys which showed an increase in body weight was
larger in the group treated with this DNA vaccine than in con-
trol group (Table 2). This vaccine improved ESR (Erythrocyte
Sedimentation Rate) of TB-infected monkeys as shown in
Figure 13. The proliferation of PBL by the stimulation with
HSP65 antigens, H37Ra-killed TB antigens and PPD antigens
was examined, and it was more augmented by the treatment
with this DNA vaccine than the treatment 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. 14). The induction of IL-2 from PBL
by the stimulated with PPD was significantly lower in control
monkeys died of TB within 19 weeks after TB challenge than
that in survived monkeys in the same group (data not shown).
IL-2 production by the stimulation with HSP65 protein was
also extremely low in the control monkeys died of TB (data not
shown). Thus, this GMP-level of DNA vaccine which contains
two kinds of genes in one plasmid vector exerted therapeutic effi-
cacy in TB-infected monkeys. These results demonstrate that
HV]J-Envelope/HSP65DNA+IL-12DNA vaccine could provide
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Figure 8. In vitro induction of human cytotoxic T cell by the stimulation
with recombinant 15K granulysin protein. T cells from human PBL were
obtained by nylon-woal column method. 1x10°T cells were cultured
with human CESS"MC cells (Mitomycic C treated CESS tumor cells) in the
presence of 15K granulysin for 5 days. CTL activity of effector cells was
assayed using S'Cr-labbelled CESS cells. Results are expressed as %
Specific cytotoxicity + S.D.. % Specific cytotoxicity was calculated as

Experimental 5'Cr release-Spontaneous 5'Cr release X100
Maximum 5'Cr release-Spontaneous 5'Cr release
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Figure 9. Synergistic effect of recombinant 15K granulysin + IL-6
related DNA on the in vivo induction of CTL specific for HSP65 antigen.
C57BL/6mice were injected with killed TB H37Ra and then treated with
recombinant 15K granulysin protein i.p 6 times and / or IL-6 DNA + iL-6
Receptor DNA + gp130 DNA using adenovirus vector i.m. 3weeks after
killed TB challenge, CTL activity against HSP65 antigens of TB in the
spleen cells was assessed by 5'Cr release assay. HSP65 DNA (derived
from TB) was transfected into EL-4 tumor cells syngenic to C57BL/6
mice, and used for target cells. Results are expressed as % specific

cytotoxicity + S.D.

strong therapeutic efficacy against TB in the cynomolgus mon-
key models as well as murine models.

Discussion
In the present study, the HSP65+hIL-12/HV] vaccine exerted

a significant therapeutic effect against TB, as indicated by:
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(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) prolongation of survival and augmentation of immune
responses, in a cynomolgus monkey model which closely mim-
ics 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 mon- -
keys 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 HV]—Envclopé/
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.">>¢-1?

Prophylactic and therapeutic DNA vaccines were established
by using several kinds of vectors such as (1) HV]J-liposome,
(2) HV]J-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 scudy.

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 references 21 and 22.

Hsp65DNA+IL-12 DNA vaccine exerted strong therapeutic
efficacy (100% survival at 16 weeks after challenge and augmen-
tation of immune responses) in the TB-infected monkeys. In
contrast, the survival rate of the saline control group was 60%.
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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 Survival
+
+
G, 2/5
- 5/5
(DNA 9 times) (40%)
0
G " 1/5
: 0 3/5
(control saline) (20%)

Increase in body weight and survival of monkeys treated this DNA vaccine at 16 weeks after TB
challenge.
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Figure 10. Construction of DNA vaccine for clinical trial. HVJ-Envelope/HSP65 DNA+L-12DNA
vaccine was constructed for GMP-level-vaccine which contains two kinds of DNA in one plasmid
vector (pVAX1) for clinical therapeutic trial.
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Figure 11. Evaluation of therapeutic efficacy of HVJ-Envelope/HSP65 DNA+IL-12DNA vaccine

I

! on TB-infected cynomolgus monkeys. Cynomolgus monkeys were vaccinated nine times with
HVJ-Envelope with expression plasmid of both HSP65 and human IL-12 (HSP65+hIL-12/HVJ:400ug
i.m.}, one week after the challenge with the M.tuberculosis Erdman strain (5x10?) by intratracheal

| instillation. Therapeutic efficacy was evaluated by survival, chest X-P findings, immune responses,

{L body weight and erythrocyte sedimentation rate (ESR) for one year.

'
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HV]J-Envelope/HSP65 DNA+IL-12
DNA vaccine increased the body weight
of TB-infected monkeys, improved the
erythrocyte sedimentation rate and aug-
mentated the immune responses (prolif-
eration of PBL, IL-2 production). The
enhancement of IL-2 production from
monkeys treated with this vaccine was
correlated with the therapeutic efficacy of
the vaccine.

Thus, we are taking advantage of the
availability of multiple animal models to
accumulate essential data on the HVJ-
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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vaccine against tuberculosis using monkey
and transgenic mice models
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Purpose: BCG is not efficacious against M. tuberculosis (TB) in
adult. Therefore, novel TB vaccines were established by using
three kinds of animal models (cynomolgus monkey model
which is the best animal model of human TB, IL-2R knock
out SCID mice as a human immune model and granulysin
transgenic mouse),

Methods and Results: DNA vaccine expressing TB Hsp65
and IL-12 was delivered by the hemagglutinating virus of Ja-
pan (HVJ)-envelope. The BCG prime followed by Hsp65 + IL-12/
HVJ vaccine boost showed a synergistic effect in the TB-in-
fected cynomolgus monkey (100% survival). In contrast, 33%
of monkeys were alive in BCG alone group. Furthermore, the
prolongation of survival period of the monkey was observed
by the combination of BCG and DNA vaccine even when the
boost was performed after long-term period (4 mounths)
from prime. This combination also improved the erythrocyte
sedimentation rate (ESR), increased the body weight and
augmented the proliferation of PBL and IL-12 production at
higher levels than BCG alone or saline. Furthermore, this vac-
cine exerted therapeutic efficacy in IL-2R knock out SCID-PBL/
hu mice, which were transplanted with human T cells. Granuly-
sin is an important defensive molecule expressed by human T
cells and NK cells and has a cytolytic activity against microbes
including Mycobacterium tuberculosis (TB) and tumors. Expres-
sion of 15 kD (15 K) granulysin protein and mRNA in CD8 posi-
tive T cells in the patients infected with drug sensitive (TB) or
muiti-drug resistant M. tuberculosis (MDR-TB) were lower than
that in the healthy volunteers, suggesting that granulysin
treatment might improve the tuberculous disease in human.
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Therefore, we established two kinds of granulysin transgenic
mice (15 K granulysin transgenic mice and 9 K granulysin trans-
genic mice). It was demonstrated that 15 K granulysin trans-
genic mice as well as 9 K granulysin transgenic mice exerted in

- vivo anti-TB effect, including the decrease of the number of TB
and augmentation of the CTL activity. These are the first find-
ings which demonstrate in vivo effects of 15 K granulysin and
9 K granulysin against TB infection. Moreover, DNA vaccine ex-
pressing 15 K granulysin showed a therapeutic activity against
TB in mice.

Conclusion: These data indicate that monkey, IL-2R gene-
knock out SCID-PBL/hu and granulysin transgenic mice mod-
els provide useful tools for the development of novel vaccines
(HVJ-Envelope/Hsp65 DNA + IL-12 DNA vaccine and granulysin
vaccine) against TB.

Introduction

Tuberculosis is a major global threat to human health, with
about 2 million people dying every year from Mycobacterium
tuberculosis (TB) infection. The only tuberculosis vaccine cur-
rently available is an attenuated strain of Mycobacterium bovis
BCG (BCQG), although its efficacy against adult TB disease
remains controversial. Furthermore, multi-drug resistant tuber-
culosis (MDR-TB) and extremely drug resistant TB (XDR-TB)
are becoming big problems in the world. In such circumstances,
the development of therapeutic as well as prophylactic vaccines
against T'B is required.

Cynomolgus monkey model is the best animal TB model as
reported by Walsh and Tan.! TB infection in the cynomolgus
monkey is very similar to human TB disease.”? In the present
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Construction of HSP65 and IL-12 DNA in one plasmid
pUC O oo
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pVAX1-Hsp65/miL12
7259 bp
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P CMV
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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.

study, the long-term prime-boost period prophylactic efficacy of
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,

REVIEW

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 cyto-
toxic T cells and NK cells. It has been suggested that the gra-
nulysin 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 granuly-
sin 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 granulysin
for TB using granulysin transgenic mice. We have also devel-
oped novel TB vaccine of HV]-Envelope/HSP65 DNA + IL-12
DNA >%® Therefore, these findings suggest that granulysin or
granulysin DNA may be useful as a TB vaccine, in the combina-
tion of other DNA vaccine.

Results
Cynomolgus monkey model. The prophylactic efficacy of

HV]J-Envelope/Hsp65 DNA + IL-12 DNA vaccine against
TB was investigated using GMP-level-vaccine which contains

Group Priming Vaccine {single) Booster Vaccine {twice)
Group 1. BCG Tokyo HSPG65+ 1L.-12 | HVJ-E
Group 2. BCG Tokyo ()

Group 3. Saline (-}

priming—>{4 months) ——booster ——sbooster—-(1 month) —TB challenge

4months 5 1 month 1 year .
{ NCY -\ » | Survival
I I Immune response
Monkey
5 animalsigroup | Priming  Booster TB Erdman 5X10?
Intratracheal

instillation

Figure 2. Evaluation of prophylactic efficacy of HVJ-Envelop/HSP65DNA + IL-12DNA vaccine on the infection of cynomolgus monkeys. Protective
efficacy of HSP65 + IL-12/HVJ and BCG using prime-boost method against T8 challenged cynomolgus monkeys. Group of animals were vaccinated
three times (every three 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,. Four months after the prime BCG vaccine,
29 vaccine was immunized. Three weeks after the 2° vaccine, 3° vaccine was treated. One month after the third vaccination, monkeys were challenged
with the M. tuberculosis (5 x 102 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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.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 Group 1 (BCG prime—DNA vaccine boost) monkeys, the
regimen of vaccines improved ESR, compared to the regimen of
Group 3 (saline control group) or that of Group 2 (BCG alone
control group) (Fig. 3).

This vaccination method (BCG prime—DNA vaccine boost)
also increased the body weight of four TB-infected monkeys out
of five in Group 1 as shown in Figure 4. In contrast, two mon-
keys in Group 3 (saline) or two monkeys in Group 2 (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 four weeks after
third vaccinations (G ~G,: p < 0.05) (Fig. 5).

Furthermore, IFNy 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 Group 1 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-T'B, 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 + 1L-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 five monkeys
were shown.
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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-TB 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 four 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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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 +1L-12 DNA
vaccine boost were challenged as described in Figure 2. Body weight of all monkeys was evalu-
ated every month and values of body weight of monkeys at 16 weeks after TB challenge were
shown.
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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-
tion between groups (p value: G-G, p < 0.05).

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 analyze
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 gene disrupted
SCID-PBL/hu-model (p < 0.05) (Table 1).
Human CTL activity against TB was asso-
ciated with the efficacy of TB vaccine (data
not shown).

Taken together, using cynomolgus
monkey model, SCID-PBL/hu mice model
and granulysin transgenic mice model, we
have developed two kinds of novel vaccines,
HV]J-Envelope/Hsp65 DNA + IL-12 DNA
vaccine and granulysin vaccine, against TB.

Discussion

In the present study, using cynomolgus
monkey model, SCID-PBL/hu mice model
and granulysin transgenic mice model, we
have developed two kinds of novel vaccines,
HV]J-Envelope/Hsp65 DNA + IL-12 DNA
vaccine and granulysin vaccine, against TB.

Most importantly, we demonstrated
that even when the boost was performed
after long-term period (four months) from
ptime, the prolongation of monkey survival
was observed by the combination of BCG
and this HVJ-Envelope/Hsp65 DNA +
IL-12 DNA vaccine in the present study.
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.

In the mouse system, by using BCG
prime-HVJ-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

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.

www.landesbioscience.com
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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
this BCG prime-HV]-Envelope/HSP65 DNA + IL-12 DNA
boost had fewer and smaller lesions in the lungs and significantly

Human Vaccines 11



100

P e Y e ] wm

]
2
4
= 8 IS . — BCG (prime) then
2 = "‘" i HSP65 + IL-12/HVJ-E (booster)
= 60- i Lo
= i e s :
g 'II---m-----n--n--_-------- {ll Sa"ﬂeonly
=
n 401

E’ BCG only

=== : BCG (prime) then HSP65 + IL-12/HVJ-E (booster)
20+ et BCG

===a= : Saline control

[~

T U L S AL B S A B A e m
0 50 100 150 200 250 300 350
(Day)

Figure 6. Protective efficacy of Hsp65 + IL-12/HVJ and BCG using prime-boost method against TB challenged cynomolgus monkeys. Group of animals
were vaccinated three times as described in Figure 2. Group of animals were vaccinated with (1°) BCG Tokyo, (2°) Hsp65 + 1L-12/HVJ, (3°) Hsp65 + IL-12/
HVJ = G (). BCG prime-HVJ/DNA boost group; (1°) BCG, (2°) saline, (3°) = G,(7). 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.

’

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, [} G1:15K Granulysini16
which is currently the best animal model of human tubercu-
losis, to evaluate the HSPGS + IL-12/HV]."? Vaccination with
BCG prime-HSP65 + [L-12/HV] boost provided better protec-
tive efficacy as assessed by the Erythrocyte Sedimentation Rate, -
chest X-ray findings and immune responses than BCG alone.
Importantly, HSPG5 + IL-12/HV] resulted in an increased sur-
vival for over a year. This was the first report of successful DNA
vaccination against M. suberculosis in the monkey model which
closely mimics human TB disease.?

Furthermore, the protective efficacy of the HSP65 + I1-12/
HV]J 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]J-liposome/ 5.0F———
HSP65 + IL-12 DNA vaccine) boost were alive more than lung
12 months post-infection.’ In contrast, only two monkeys out of
six from the BCG Tokyo alone group were alive (33% survival). - o -

Prime-boost method was reported in the study of MVASSA Figure 7. hfl vivo mhxb'morT of the g.;rowth'of M. tuberculosis in the 15‘

. . . . . . K granulysin transgenic mice. (In vivo anti-TB effect of 15 K granulysin
vaccine, which is a modified vaccine virus Ankara (MVA) transgenic mouse.) Seven 15 K granulysin #16 transgenic mice and
strain expressing antigen 85A. In phase I studies in humans, | seven wild type C57BL/6 mice were injected with 5 x 10° H37RV M.
this vaccine has induced high immune responses in previously | tuberculosis iv. 4 weeks after the challenge of M. tuberculosis, mice
BCG-vaccinated individuals.™ Boosting of BCG vaccination were sacriﬁced..CFU.ofM‘ tu{)erculosis in the lungs of these mice were
with MVA85A downregulates the immunoregulatory cytokine ?::f;;z?ﬁger;z;bg{)'2}{}5‘2&;2?{;‘5 x:;hgs;ég:r:ifcgS??{Z‘é‘gﬁ’ggm6
TGFB." Aeras-402 DNA (DNA that expressed 85A, 85B and t-test was used (p <'0.05).

TB10.4) vaccine using adenovirus vector is intended for use asa e s sl
boosting vaccine in BCG-primed individuals.'® Several vaccines
use a prime-boost strategy to enhance the immune responses."”

In Japan and other countries, the BCG vaccine is inoculated

into human infants (0—6 months after birth). Therefore, BCG

il G2:c57BL/6
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55 mean * SD, n=7
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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 9K
granulysin #7 mice and five wild type C57BL/6 mice were injected with
5 x 105 H37RV M. tuberculosis iv. 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 9 K granulysin #1 transgenic mice G, (00). CFU of 9 K granulysin #17
transgenic mice G, (8). CFU of control wild type C57BL/6 mice G, ().
Student’s t-test was used to compare the CFU of each group(G,-G,: p <
0.01 G,~G,: p < 0.01).

prime in infants and HSPG65 + hIL-12/HV] boosts for adults
(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 HVJ-Envelope/HSP65 DNA +
IL-12 DNA vaccine in the murine prophylactic model and cyno-
molgus monkey prophylactic mode! 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 T'B 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 ool 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 exhibics
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 CDS8
positive CTL, and it could enter human macrophages and kill

www.landesbioscience.com

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)

CFU of TB
Grou Treated
P (log)
G1 -) 6.03 £0.06
G2 HSP65DNA + 1L-12 DNA vaccine (10 p.g) 5.96 +0.15
G3 HSP65DNA + IL-12 DNA Vaccine (50 j.g) 5.40 £ 097

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
three 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 TB in the liver of mice were assessed as described in Materi-

als and Methods. 1 x 107 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
iv.and then treated with vaccine. G1, (-) control; G2, treated with HVJ-
envelope/HSP65DNA + IL-12DNA 10 pg; 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).

M. tuberculosis in the cytoplasm (data not shown). Therefore, we
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 [L-12 (HSP65
+ hIL-12/HVJ: 400 ug im.), and then challenged with the
M. tuberculosis Erdman strain (5 x 10?) by incracracheal instilla-
tion, Survival, immune responses (proliferation of PBL and cyto-
kines 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. Two types of 15 K granulysin
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Tg mice (#3, #16), three types of 9 K granulysin Tg mice
(#15, #17, #18) and six types of secreted 9 K granulysin Tg
mice(#1, #3, #11, #14, #17, #25) were made. Granulysin activ-
ity was assessed by monoclonal antibody targeting 15 K granu-
lysin and 9 K granulysin. Mycobacterium ruberculosis H37Rv
5 x 10° CFU was intravenously injected to 15 K granulysin Tg
mice, 9 K granulysin Tg mice, wild-type (control) mice and
normal C57BL/6 mice (8~12 wks).>" 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.
[L-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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