#17, #18) and 6 types of secreted 9 K granulysin Tg mice(#1,
#3, #11, #14, #17, #25) were made. Granulysin activity was
assessed by monoclonal antibody targeting 15 K granulysin
and 9 K granulysin. Mycobacterium tuberculosis H37Rv 5 x 10°
CFU was intravenously injected to 15 K granulysin Tg mice,
9 K granulysin Tg mice, wild type (control) mice and nor-
mal C57BL/6 mice (8~12 weeks).*'" From 2 to 12 wecks 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 micto-isolator
cages in a Biosafety Level (BSL) 3 animal facility of the NHO

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

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

Statistical analysis. Student’s t tests wete 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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Novel therapeutic vaccine
Granulysin and new DNA vaccine against tuberculosis
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TB, extremely drug resistant tuberculosis

Purpose: Multi-drugresistant(MDR) Mycobacterium Tuberculosis
(M.TB) is a big problem in the world. We have developed novel
TB therapeutic vaccines.

Results and Methods: DNA vaccine expressing mycobacteri-
al heat shock protein 65 and IL-12 was delivered by the hemag-
glutinating virus of Japan (HVJ)-envelope. M. TB, MDR-TB or
extremenly drug resistant (XDR-TB) was injected i.v. into DBA/1
mice, and treated with the vaccine three times. This HVJ-E/
Hsp65DNA+IL-12DNA vaccine provided strong therapeutic ef-
ficacy against MDR-TB and XDR-TB (prolongation of survival
time and the decrease in the number of TB) in mice. Therapeu-
tic effect of this vaccine on TB infection was also demonstrated
inchronic 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.

Conclusion: These data indicate that novel vaccines might
be useful against TB including XDR-TB and MDR-TB for human
therapeutic clinical trials.
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Submitted: xx/xx/xx; Accepled: xx/xx/xx
DOl

www.landesbioscience.com

Introduction

Tuberculosis is a major global threat to human health, with abour
2 million people dying every year from Mycobacterium tubercilo-
sis (TB) infection. The only tuberculosis vaccine currently avail-
able is an attenuated strain of Mycobacterium bovis BCG (BCG),
although its efficacy against adule TB disease remains controver-
sial. Furthermore, multi-drug resistant tuberculosis (MDR-TB)
and extremely drug resistant TB (XDR-TB) are becoming big
problems in the world. In such circumstances, the development
of therapeutic vaccine against TB as well as prophylactic vaccine
against TB is required. Therefore, we have recently developed
a novel TB vaccine, a DNA vaccine expressing mycobacterial
heat shock protein 65 (HSP65) and interleukin-12 (11.-12) deliv-
ered by the hemagglutinating virus of Japan (HV])-liposome
(HSPG65+1L-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+11-12/H V] 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 infor-
mation for vaccine development. In fact, in the previous study
we evaluated the protective efficacy of HSP65+IL-12/HV] in
the cynomolgus monkey model, which is an excellent model of
human tuberculosis.'** We observed the synergistic effect of the
HSP65+IL-12/HV] and BCG using a priming-booster method
in the TB-infected cynomolgus monkeys. The combination
of the two vaccines showed a very strong prophylactic efficacy
against M. tuberculosis (100% survival) as we have seen previ-
ously in the murine model of TB.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+I1-12/HV] vaccine on the MDR-TB infection

and XDR-TB infection in murine and therapeutic effect of this
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Figure 1. HVJ-envelope vaccination. pcDNA3-1/HSP65DNA+IL-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 I

Vector were also shown.

vaccine on TB infection monkey models, 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. tubercilosis HSPG5 and human [L-12
were encapsulated into HV]-Envelope or HV]-liposomes.® HV]-
liposomes and HV]-Envelope were prepared as described previ-
ously in reference 7-11 (Fig. 1). The HV]-Envelope complex was
aliquoted and stored at -70°C undl use. Groups of mice were
vaccinated three times with 100 pl of HV]-Envelope solution
containing 50 g of pcDNA-IgHsp65 and 50 pg of pcDNA-
mlL12p40p35-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 Jower back). HV]J-Envelope DNA vaccines encapsulating
combination of pcDNA-IgHsp65 and pcDNA-mIL12p40p35-F
was designated as IgHsp65+mIL-12/HV] in this text. CTL activ-
ity was assessed by *'C -release assay.'* At 30 days after intrave-
nous challenge of M. ruberculosis H37RV, the number of CFU in
the lungs, spleen and liver were counted and therapeutic efficacy
of HVJ-Envelope IDNA vaccines was evaluated.*”® TNFR gene
disrupted DBA/1 mice and 1L-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 iv. (Fig. 2). Therapeutic efficacy was

2 Human Vaccines

XDR-TB ‘

MDR-TB HSP65 + IL-12 DNA
H37Rv vaccinetBCG Sacrifice
5X10% i-v * CFU of
M.tuberculosis
L]
day 0 1 8 15 30 spleen

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

also evaluated by chronic TB infection model of mice using acro-
sol challenge of TB (15 CFU/mouse: Madison aerosol exposure
chamber, University of Wisconsin). Mice were maintained in iso-
lator cages, manipulated in laminar flow hoods and used between
8-10 weeks of age. All animal experiments were approved by
the National Hospital Organization Kinki-chuo Chest Medical
Center Animal Care and Use Committee. All vaccinations and
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Figure 3. Fherapeutk

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 wete 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 [1.-12 (HSPG65 +hIL-12/HV]: 400 ug i.m.), one week
after the challenge with the M. tuberculosis Erdman strain (5 x
10%) by intratracheal instillation. Immune responses and survival
were examined as described in our previous studies in reference
2and5.

Results

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

www.landesbioscience.com

"As shown in Figure SpwpmeipeBest1V]-Envelope/HSP65
DNA+1L-12 DNA vaccine treat significantly reduced the
bacterial loads of MDR-TB in théiv®r 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 HV]-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 discase models
using a mouse infected with TB in the acrosol chamber (Fig.
44). By using this model, therapeutic efficacy of this vaccine was
also observed (Fig. 4B). At 8 weeks after intratracheal aerosol
infection of TB, the number of CFU in the lung was determined.
Vaccination with HVJ-Envelope/HSP65 DNA+IL-12 DNA
exerted therapeutic efficacy in the bacterial loads as compared to
saline control.

Therapeutic efficacy using SCID-PBL/hu mice. Therapeutic
efficacy of HV]-Envelope/HSP65 DNA+IL-12 DNA was also
observed, when we used in vivo humanized immune models of
IL-2 receptor y-chain disrupted NOD-SCID mice constructed
with human PBL (SCID-PBL/hu)."*® Therapeutic vaccina-
tion with HVJ-Envelope/HSP65 DNA+IL-12 DNA showed
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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 Therapeutic Effect

15 K granulysin DNA Therapeutic Effect

Guinea pig Monkey SCID-PBL/hu Human
effective effective plan (phase |, 1)
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)

9.0

[[] G2:HVJ-E/Msp65 DNAHL-12

I G3:HVJ-E/Hsp65DNA+IL-12+BCG

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

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

Human Vaccines

enter into human macrophages and killed M. tuberculosis in the
cytoplasm of macrophages (Eig. 5). Recombinant 15 K granu-
lysin protein enhanced the in vitro induction of human cyto-
toxic T cells in the 5 day MLC culture (Big—6). Synergistic
effect of recombinant 15 K granulysin in the presence of IL-6-
related DNA vaccine (IL-6 DNA+IL-6 receptor DNA+gp130
DNA vaccine) was shown by in vivo induction of CTL spe-
cific for HSP65 TB antigen in the mice stimulated with killed
TB antigens (Ejg. 7). Granulysin vaccines (recombinant 15 K
granulysin and 15 K granulysin DNA vaccine) exerted strong
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therapeutic efficacy (decrease in the number of TB in the lungs,
liver and spleen) in the mice infected with TB by aerosol chal-
lenge (Table 1).

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

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

Immune responses of cynomolgus monkey were augmented
at 11 weeks after the challenge of M. tuberculosis Erdman strain
by intratracheal instillation. The proliferation of PBL was also
augmented by therapeutic vaccination of monkeys with [1V]-
Envelope/HSPG5 DNA+IL-12 DNA (data not shown). This vac-
cine also improved the survival of monkeys, compared to the saline

www.landesbioscience.com

Anti-tuberculosis immunity by granulysin
produced from cytotoxicT cells

(Hypothesis 2)

Cytotoxic T

: tuseds b Besl ¢ 2s Sspaci

eytotoxieity-HSD.

(control) group, after TB challenge (Big=9). All 5 monkeys were
alive in the group of HVJ-Envelope/HSP65DNA+IL-12DNA
vaccine (100% survival) at 16 weeks after challenge. In contrast,
only 3 monkeys out of 5 were alive in the saline control group
(60% survival) (Big—9 and Table 2). The number of monkeys
which showed an increase in body weight was larger in the group
treated with this DNA vaccine than in control group (Table 2).
This vaccine improved ESR (Erythrocyte Sedimentation Rate) of
TB-infected monkeys as shown in Figure-16. The proliferation of
PBL by the stimulation with FSPG65 antigens, H37Ra-killed TB
antigens and PPD) antigens was examined, and it was more aug-
mented by the treatment with this DNA vaccine than the treat-
ment with saline (data not shown). Furthermore, I1.-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 wich saline (Fig. +). The induction of IL.-2
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from PBL by the stimulated with PPD was significantly lower
in control monkeys died of TB within 19 wecks after TB chal-
lenge 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 con-
tains two kinds of genes in one plasmid vector exerted therapeutic
efficacy in TB-infected monkeys. These results demonstrate that
HV]-Envelope/HSP65SDNA+IL-12DNA vaccine could provide
strong therapeutic efficacy against TB in the cynomolgus monkey
models as well as murine models.

6 Human Vaccines

Discussion

[n the present study, the HSP65+hIL-12/HV] vaccine exerted
a significant therapeutic effect against TB, as indicated by: (1)
extension of survival of mice infected with XIDR-TB, (2) decrease
in the CFU of TB in lungs, liver and spleen of mice infected with
MDR-TB as well as drug-sensitive TB(H37RV), (3) decrease in
the CFU of TB in these organs of mice challenged with TB in the
in vivo humanized immune model of SCID-PBL/hu and (4) pro-
longation of survival and augmentation of immune responses, in
a cynomolgus monkey model which closely mimics human TB
disease. It is important to evaluate the survival of monkey.>>"?
Increases in the survival rate of the monkeys treated with this
vaccine were observed, compared to the control monkeys treared
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/HSP6SIDNA+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]-Envelope/
[1SP65 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." 3101

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

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

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

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

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

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

vaccine
Increase in body weight at 16 weeks
+
+
G, 2/5
(DNA 9 times) ' (40%)
0
G, * 1/5
(control saline) 0 (20%)

Increase in body weight and survival of monkeys treated this DNA vaccine at 16 weeks after TB
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Hsp6SDNA+IL-12  DNA  vaccine
exerted strong therapeutic efficacy (100%
survival at 16 weeks after challenge and
augmentation of immune responses) in
the TB-infected monkeys. In contrast,
the survival rate of the saline control
group was 60%. HV]-Envelope/HSP65
DNA+IL-12 DNA vaccine increased the
body weight of TB-infected monkeys,
improved the erythrocyte sedimenta-
tion rate and augmentated the immune
responses (proliferation of PBL, IL-2 pro-
duction). The enhancement of 11.-2 pro-
duction from monkeys treated with this
vaccine was correlated with the therapeu-
tic efficacy of the vaccine.

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

In conclusion, these data indicate that
HV]J-Envelope/HSP6SDNA+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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Abstract We compared rifabutin susceptibility and rpoB
mutations in 98 multi-drug-resistant strains of Mycobac-
terium tuberculosis (MDR-TB) by DNA sequencing and
with a line probe assay using the commercially available
INNO-LiPA Rif. TB kit (the LiPA). Our results indicated
that rifabutin continues to remain active against MDR-TB
strains harboring certain genetic alterations and also that
the LiPA might be useful in identifying MDR-TB strains
susceptible to rifabutin.

Keywords Tuberculosis - Drug resistance - Rifabutin -
rpoB - Line probe assay

The recent global expansion of multi-drug-resistant
Mpycobacterium tuberculosis (MDR-TB) poses a serious
threat to human health. Numerous previous studies have
shown that the majority of rifampicin-resistant isolates of
M. tuberculosis are also isoniazid resistant [1]. The
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detection of rifampicin resistance therefore has the poten-
tial benefit of simultaneously detecting MDR-TB [1, 2].
One of the commercial kits used to determine drug resis-
tance is the INNO-LiPA Rif. TB kit (the LiPA; Innoge-
netics, Ghent, Belgium). This assay is an excellent tool for
detecting mutations in hot-spot regions of 7poB, a gene that
encodes a subunit of RNA polymerase. Such mutations
occur in up to 95% of rifampicin-resistant strains [2].

Rifabutin is a semisynthetic spiropiperidyl derivative of
rifampicin, which is more active than rifampicin itself
against M. tuberculosis in immunocompromised patients
[3]. Rifabutin is also useful as an alternative to rifampicin
when serious side effects occur during tuberculosis treat-
ment [4]. Moreover, the minimum inhibitory concentration
(MIC) of rifabutin in rifampicin-resistant strains of M.
tuberculosis carrying rpoB mutations varies depending on
the specific site of the mutation in the rpoB gene [5-10].
Rifabutin might therefore be active against some MDR-TB
strains. However, rifabutin susceptibility testing using the
time-consuming proportional method on Middlebrook
7H10 medium or by 7H9 microdilution could postpone the
effective treatment of patients infected with MDR-TB.

This study aimed to determine the MICs of rifampicin
and rifabutin for MDR-TB isolates with known rpoB
sequences and also to assess results of the LiPA, thereby
helping to establish whether this test enables detection of
rifabutin susceptibility in MDR-TB strains.

A total of 128 M. tuberculosis strains retrieved from a
culture collection of the Kinki-chuo Chest Medical Center
were tested by the mycobacterial growth-indicator tube—
aspartate aminotransferase (MGIT-AST) method (Becton—
Dickinson and Company, Fukushima, Japan), and WelPack
method (Nihon BCG Inc, Tokyo, Japan) that was estab-
lished by the egg-based Ogawa medium in commercial
susceptibility test systems. Ninety-eight of these strains
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were considered to be resistant to rifampicin as determined
by these media. Thirty pan-drug-sensitive (DS) strains
were collected between 1 and 31 August 2008, and 98
MDR strains were collected between 1 January 2001 and
31 December 2008. All patients from whom the strains
were derived were negative for both human immunodefi-
ciency virus (HIV)-1 and HIV-2. With the exception of one
MDR patient, these patients represent all of the DS- and
MDR-TB patients treated in this hospital during the strain
collection periods.

The MICs for these strains were determined by the
validation protocol, performing the commercial and the in-
house-prepared microdilution method in parallel for a
series of these strains. We elected to use the BrothMIC
MTB-1 (Kyokuto Pharmaceutical Industrial Co. Ltd.,
Tokyo, Japan) and a similar system for slowly growing
mycobacteria by using 7H9 broth [11]. BrothMIC MTB-1
susceptibility test system with a shorter incubation period
has been previously demonstrated to determine MICs that
correlate with those obtained from the standardized agar
proportion method. According to the manufacturer’s
instructions, the proposed breakpoints for rifampicin are
<0.06 pg/ml (susceptible), 0.125-2 pg/ml (intermediate),
and >4 pg/ml (resistant). For the microdilution method
using 7H9 broth, 100 pl of serial twofold dilutions of rif-
ampicin or rifabutin were dispensed into each well. The
final concentrations of the test drugs ranged from 0.015 to
256 pg/ml. All microdilution plates were incubated at 37°C
in plastic bags to increase carbon dioxide (CO,) and were
read after 7, 14, and 21 days by looking for macroscopic
growth with an indirect light source. MICs were the lowest
dilutions exhibiting no growth. Quality control testing
using M. tuberculosis H37Rv was performed once each
testing. Each microdilution plate included basal medium
without antimicrobial agents to assess viability of the test
organisms. Each microdilution testing was performed in
duplicate on different days.

The MDR-TB strains were analyzed for the presence of
mutations in the rifampicin-resistance-determining region
(RRDR). A set of primers described by Kim et al. [12], MF
(5'-CGACCACTTCGGCAACCG) and MR (5-TCGATC
GGGCACATCCGG), were used to amplify a 342-bp
fragment of the rpoB gene containing the 81-bp RRDR.
The polymerase chain reaction (PCR) product was
sequenced using an automated DNA sequencer (ABI
Genetic Analyzer 310, Applied Biosystems, Foster City,
CA, USA) with MF and MR primers. The LiPA we
employed was used in accordance with the manufacturer’s
instructions. This kit comprises the M. tuberculosis com-
plex-specific probe, five overlapping sensitive probes
(wild-type S: 19-23 bases long), and four resistance probes
(R-type) from a region of the rpoB gene encoding amino
acids 509-534. The lack of reactivities of an amplified

fragment with the wild-type S probes (probes S1 through
S5) was used to detect mutations that lead to rifampicin
resistance. Furthermore, R-type probes were specifically
designed to hybridize to the sequences of the four most
frequently observed mutations: R2 (Asp-516-Val), R4a
(His-526-Tyr), R4b (His-526-Asp), and R5 (Ser-531-Leu).
When all the wild-type S probes gave a positive signal and
all the R-type probes reacted negatively (wild-type profile),
the M. tuberculosis isolate was considered susceptible to
rifampicin. When at least one negative signal was obtained
with the wild-type S probes, the isolate was considered
rifampicin resistant (AS profiles). When the resistance to
rifampicin was due to one of the four most frequently
observed mutations described above, a positive reaction
was obtained with one of the four R-type probes and was
always accompanied by a negative reaction with the cor-
responding wild-type S probe (R profiles). We used M.
tuberculosis strain H37RV as a positive control.

The ranges of the MICs in DS-TB strains were
<0.03 pg/ml for rifampicin and <0.015 pg/ml for rifabu-
tin. The corresponding ranges of the MICs in MDR-TB
strains were 0.5 to >256 pg/ml and <0.015 to >256 pg/
ml, respectively. Whereas rifabutin MICs for 78 of the 98
MDR-TB strains ranged between 0.5 and >256 pg/ml,
which were threefold lower than or equal to those of rif-
ampicin, the other 20 MDR-TB strains had rifabutin MICs
ranging between <0.015 and <0.25 pg/ml, which were 4-
to 15-fold lower than those of rifampicin. As shown in
Table 1, our study revealed 20 mutations in the rpoB gene.
Single-point mutation at codon 513, 525, 526, 531, 533, or
572, which was detected in 72 MDR-TB strains, influenced
susceptibility to rifabutin. We also demonstrated that novel
mutations such as two strains with double-point mutations
(Asp516Ala and Leu533Pro, or Ser512Ile and His526Pro),
one strain with an insertion (at codon 525), and one strain
with an His526Ser mutation showed rifabutin resistance. In
contrast, 20 (20.4%) of the MDR-TB strains that had sin-
gle-point mutation at codon 511, 516, or 522 and double-
point mutation (Asp516GIn and Ser522L.eu) were suscep-
tible to rifabutin (MIC, <0.5 pg/ml). The observations that
some rifampicin-resistant strains remained susceptible to
rifabutin suggest that rpoB mutation position and type of
amino acid change influence rifabutin susceptibility.

In this study, four MDR-TB strains with a wild-type
profile by the LiPA exhibited rifabutin resistance as well.
Moreover, 72 strains exhibiting R4a, R4b, RS, AS4, ASS,
AS1 + AS4, or AS2 + AS4 + RS profiles were also
resistant to rifabutin. Conversely, 19 strains that exhibited
R2 (one of the four most frequently observed mutations),
AS3, or AS2 + AS3 profiles were characterized by low
rifabutin MICs. The susceptibility of rifabutin conflicted
among the remaining three strains that exhibited ASI
profile. In detail, one strain had a mutation at codon 511
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Table 1 Comparison of rpoB

s s s / i
genotype, susceptibility of :;?llt:tﬁeoﬂh;g:)igg:aand Isolates (n) MIC (pg/ml) LiPA
rifampicin and rifabutin, and the ) Rifampicin  Rifabutin
LiPA profiles

DS-TB
Wild type 30 <0.03 10 0.03 <0.015 WT
MDR-TB®
511Leu — Pro 1 0.5 0.03 AS1
513GIn — Lys 2 8,16 4,16 AS1
516Asp — Val 17 4 to0 =256 0.015 10 0.25 R2
522Ser — Leu 1 2 0.06 AS3
525ACG insertion 1 32 32 WT®
526His — Tyr 2 32, 64 8, 64 Rda
526His — Asp 3 64, 128, 128 16, 64, 128 R4b
526His — Ser 3 2,4, 64 2,4,32 AS4
526His — Arg 1 32 32 AS4
WT wild-type S profile, DS-TB 526His — Pro 2 8, 64 4,32 AS4
drug-sensitive tuberculosis .
i s 1 256 AS4
MDR-TB multi-drug-resistant S8 —+ Lo i
tberculosis 526His — Cys 1 4 1 AS4
* Numbers correspond to 526His — Arg, 529Arg — Gln 1 64 64 AS4
Escherichia coli RNA 531Ser — Leu 54 0.5 to >256 0.5to >256 RS
polymerase amino acid 533Leu — Pro 1 32 32 ASS
f°:“?“s N 512Ser — Ile, 526His — Pro 1 >256 >256 AS1 + AS4
esistant to rifampicin at
L0 pg/ml by the Clinical and 516Asp — Glu, 522Ser — Leu 1 128 0.25 4 AS2 + AS3
Laboratory Standards Institute 516Asp — Ala, 533Leu — Pro 1 128 64 AS5°
method of proportion in 7H10 Mixed peak in 516 (GAC 1 256 256 AS2 + AS4 + R5°
agar and mycobacterial growth- (Asp) = GTC (Val)), 526 (CAC
indicator tube—aspartate (His) - CAA (His), 530 (CTG
aminotransferase (MGIT-AST) (Leu) = ATG (Met)), and 531 (TCG
method or 40 pg/ml by (Ser) —, TTC (Leu))
WelPack method 572lle — Phe 1 1 WT
¢ The LiPA also did not reveal Non-RRDR 9 16. 128 2. 128 WT

the correct type of mutation

and appeared to have a low rifabutin MIC, but the
remaining two strains, at codon 513, were characterized by
high rifabutin MICs. Thus, except for AS1, profiles of the
LiPA could predict rifabutin susceptibility rather faithfully
(Table 1).

According to previous studies, rifabutin MICs against
rifampicin-susceptible strains were <0.06 pg/ml [13], and
all strains susceptible to 1 pg/ml of rifampicin and 12% of
the strains resistant to 10 pg/ml of rifampicin were sus-
ceptible to 0.5 pg/ml of rifabutin [14]. In the study by
Uzun et al. [15], all rifampicin-susceptible strains and 12%
of rifampicin-resistant strains were also susceptible to ri-
fabutin (MIC, <1 pg/ml). All 30 DS-TB strains and 20 of
98 MDR-TB strains were susceptible to rifabutin (MIC,
<0.5 pg/ml) in our study. Clinical outcome regarding the
efficacy of rifabutin therapy for isolates of MDR-TB with
the MICs of <0.5 pg/ml has not yet been obtained, but the
proposed critical concentration for rifabutin (< 0.5 pg/ml)
in this study was the same as that recommended by The
Clinical and Laboratory Standards Institute (CLSI) using

@ Springer

agar-plate testing. However, the relevant critical concen-
tration of rifabutin should be determined by future clinical
outcome study.

Our data indicated that all MDR-TB strains with an R2
profile, which was associated with a specific point mutation
(Asp516Val), were almost always identified as rifabutin
susceptible. The LiPA may offer improvement in the
management of MDR-TB, as these vulnerable patients can
commence treatment with rifabutin before the strain’s
isolation. This study further confirmed that rifabutin
remains active against MDR-TB strains harboring certain
genetic alterations. We also indicate that the LiPA is useful
for rapid detection of strains susceptible to rifabutin in
MDR-TB before examining susceptibility testing.
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$EBT 7 T PSR L BRI B A F T T HI

ERRERETIX60% OEFERTH - I

i T TR S HEAE S UL R R A

79 VAR EREE L2 8 51T granulysin transgenic mice &5 H i
COBRE L R 5,
agA vy, BRI 2T

B & U granulysin ¥ 7 - THIKL & b A SH LK E
By 237 OWBEMFIZOVTL RS,

I. %7 —THiRE B

CD8HHWIE B, 3 71717 ) Vi#ETFR TAP @
F 2927y b=y AT REIH TR, B
WY 4. $hbb, MBICEY S CDS THIKE
T ATHMBABCEETHD (kg 2) "9,

7 TRKRO 2O L L CIFN-y 5 L TH
RBREICH ST 270, RISBRLMHBIERA M ¢ % B
LT, #BHOMmoss s d KRBT %o
IWEECTH D, COSTIHIBIAHEBL W TR L 22 Mg

] 37905 B RE Va8 L B SR e o b - [ R IF S o 4 -
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% Fas-independent, granule-dependent OB TN L. fit
RINEABEERT 2 2FBE 2 TVEY, ST
HMIKLIE CD1-restricted T 3 2~ 1%, LLAM, phosphatidyl

3 A

inositol mannoside, glucose monomycolate, isoprenoid glyco-
lipid (Cdle X #56) MM lipid & lipoglycan % ik ¥
o TO* T TOFRHNOKE ThH A granulysin i3 1E
BRI O FEBR 2 BT

~J, ¥ T TOTRAIL &5 7 4 ) Y PHAEB R

mouse

guinea pig

R8s e B 201086 H

ST HFBIR G R 2 (g 20

M. granulysin & &#%

F T TOYRNOKFTH A granulysin (& FE M
NORBEE AR T OB SRR & R ek
WBIST 5 Z 21T & Ao granulysin k% BUAH B, B

L,
HFEBOEF2RPSELH, SBT3 ) Yot

HFFTMGADHBRIBRTLEAON TS, Th

cynomolgus monkey human

Vaccine Mouse G;:iixglea Monkey Human
Prophylactic effect Plan SCID-PBL/hu
10,000 fold effective Effective Effective (phase
than BCG [
HVJ-Envelope/ I S
Hsp65 DNA -+ [herapeutic effect Plan Effective
11.-12 DNA Therapeutic effect
f’l\'%]a)lg}I'B Plan Plan
XDR-TB
HVJ-liposome/ Prophylactic effect Effective
Hsp65 DNA + 100 fold effective than Effective (100%
11.-12 DNA BCG survival)
Fig. 1 'T'he development of novel vaccines for M. auberculosis using animal models
M.IB
granulysin / Fungus
1L Bacteria
Differentiation Fa ligand Fas
TRAIL TRAILR

¥

1L-2 1L-6
early l J late
4
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o IL-5 IFN-
of CIL 4 Effector
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1L-1,7.12, 13, 15, 18,23, 27
IFN-a/f . TNF- «
Okada et al. J. Immunol 1979
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J. Exp. Med 1983
Imm. Rev 1986
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Fig. 2

152

¢

> Apoptosis

o . /
°0p
Perforin
Granzyme A, B

- Destruction of
tumor cell

- Destruction of virus
infected cells

* Destruction of
bacteria infected
cells M ¢)

Induction of cytotoxic 1" cells and killing mechanism
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Table 1 Induction of decrease in TB number in vivo and CTL differentiation by 15K Granulysin and 9K Granulysin
Granulysin expression in CD8*T
Two kinds o e e Induction of Proliferation - oo oo Patients with
of Granulysin D“;:a;'{)::? T8 C'IL against of 1 cells rlciiﬁ.'zon Pzﬁi’;'lt:n;lh Drug-
Function . B against TB produc sensitive TB
13K Granulysin (strong augmentation) bt vk & 127 \
~ n o * L o sl N
9K Granulysin + -+ (augmentation) t o N.D N.D
+ -+ strong augmentation, - ; augmentation
44 ; strong suppression, { ; suppression
Table 2 'I'herapeutic efficacy against tuberculosis
by 15K granulysin ‘Iransgenic mice and 9K granu-
AARES v) My AT, Mf AOMINI: lysin Transgenic mice

ﬁh&mﬁ, -?H g’ﬁ'ﬂﬁﬁﬂﬁ fﬁ,@\f’ﬂi’\"7 T v/5ER
O mMRNADREBE L TEREOFEHMETF LTwE T &
FPHLPIZLEZW9, FThbt, bithiuid 7— TH
Ja @ granulysin (4375 9000) PEAALF 232 # itk A%
AL KERMERDLOTUER VN LEZ TV,

=7, granulysin2*¥ 7 - T HALKFO—~D0THH
ERFERL, =Y ATHBEB R Z /R L& RIS .
granulysin @& B A< 2 2R L 72,

V. HLLWEE 7Y F > (HSP65 DNA+IL-12 DNA
7 9F >, granulysin? 7 F %) BIR

M oF N, OV Ty b sF s, @DNA

YoFy, @)AVEF Y FBCGT 2T (FEEALME
Bt &), %mmhk%%n—
(1) DNAY 2 CBCGU ZF Y | FiEM I
HBPH Y >

uxw#ﬁ@$mfumwv BB MY
BIYHLHLOEEY 7 F vixa b UJN’W\ bHivhi

1 Hsp65 DNA+IL-12 DNA (HVI-f ¥ R 11 = SR ¥
=) DITFEBCCT7F L EY L 1 HERD A
¥ s 9 ThohHI L RICERI TSI
7z

O HVI-x ¥ X1 - F/HSP65 DNA +IL-12 DNA 7
IF TR ERELTHBRE LR THE, T 7R
MO BB BCGCT 7 F v BED1FFD 1T L
Bolz, TNELHHERIEND,

oz, MRS S COBMESF T THIBD &
LFE R LAY SNy s F vehRe £
TIHAHB L4, £ 74 Thi MO 5L, IFN-y &
AOWRE IOV 7 F VRBHETEZ LWL Mz,
O LW T 7 I OB M X,

WHO STOP 'I'B Partnership & & TF WHO STOP 'ITB WGND

{Working Group on New Drugs) {2 ;zﬁ e,
(2) Vavery bk BCGT Y
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Tg mouse CFU of TB (log)
15K Granulysin 'I'g mouse 5.3:£0.1%
wild type C57BI./6 mouse 5.9:102
9K Granulysin 'I'g mouse 5.8::0.4%
wild type C57BL/6 mouse 6.71+0.2
Secreted 9K Granulysin Tg mouse 5.7:40.6%
wild type C57B1/6 mouse 6.7:1:0.2

CFU; Colony Forming Unit
*1 significant (P<C0.05) by Student’s Test

BCGHRILHIZ, s oBETFEEALVaYESF Y
b BCG % fERL 72, DALHIIL Ap85A -+ Ag85B -+ MPB
5132 E+ ¥ FBCGIEBCG X Y bmhy s+ 0T
ST LEPS LY,

518, T2y NI FTHLO LNV Tl
PR RAME S MbT2f BB 7 /32 D DNA %
WlbfmﬁﬂyngFMEWW%V&%Ltﬂl
(Fig. D%

(3) granulysin 7 7 9 (Table 1, Table 2)

F 7 THIRIEH BRI BEL @M & 450"
(Fig. 2)~ granulysin 8t 1 7B & £ il ¥ 5 45 % 1 PR 95 28
F O BIRYEREBL O PBL 34 LI R OEM THRE L 2.
Z DR 1L-6, 1FN-y, ua@#ﬁwTMMﬁmW%m
H T < granulysin (15K Granulysin) O MEAL T %
7 14)151

& 5 bh b ML 15K Granulysin 28 CD8* & 5 — THl
rLHEESH S, IO MGIEEAY, M¢W®
MBEERWT A I AW O RIS L A", RN
FE AL E PBL Y @ CO8 M T K @ 15K Granulysin 2
FIEBLE mRNAOBBUIREA L D b AL T LT
W22 (Table 1) 2 512, SRR EE PBLhO
CD 8B ¥ T# K 0> 15K Granulysin & F1 % Bl £ mRNA @)
RBUE, FEEL DT, ¥FBRIUHEBBEOZLS
LY B/WTFLTWA (Table 1) F7, Ltk &AM
# @ PBL % PHA-P, ConA, 7 T HLE (CESS), PPDHE

ll'h
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TR 5 £, 15K Granulysin @35 3 LG~ 5#s
METFLTWDIEEP oML (Table 1),

15K Granulysin @ {578 A< 7 A £ 9K granulysin i
ZFHAT T R ENTIER L, in vivo DHRHEIEH
Z AT L 2. lable 24258 L 72 T & <, 15K Granulysin
transgenic (Tg) 7 A O FERE W ERZx 4 SH 2 o) B A5 H4
¥ (CHU) 14 wild type® 7 AWCHB L TIE TR0 51

Table 3

#5859 M6 4 2010% 6 H

7zo # 729K Granulysin ‘Ig = 7 2 DN WA R E D wild
type ™ 7 ACHBLTHETLTWL (lable 2) 55
I, STRED 200 1ge 7 A (15K Granulysin g & 9K
Granulysin Tg) 1 in vivo D% 5 U FHE FEZIHT 5)
DGR, FEBIRT B UKL A RS O B IR R IEN-
EAEOHME LR 2, SHEHDEKNIZBIT 515K
Granulysin & 9K Granulysin O &8 R332 B Fid it

A. Priming, Pre-Exposure

1. Phase I: BIAF— 2008 4
a. rBCG30
b. rBCG30 AureC: Hly (VPM1002)
c. AERAS-407
d. iBCG30ARMF, tBCG Mitb B30, tBCG h [FNy
e. Nas L3/Htk BCG
f. mc® 6220, me? 6221, me* 6222, me623 1
g. mc? 5059

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

FEE

Jar¥+ v b 85BBCG

)37 Y b listeriolysin BCG

3y ¥+ 7 b perfringiolysin

3 ¥4 k85B BCG

BLREER Y 7 5 ¥ /heat killed whole BCG T/ & /v—- 47 & B
nor-replicating, M. ruberculosis strain ( A lys A A pan CD)
replicating pro-apoptotic M. bovis BCG ¥k (A nuoG)

A7 VAL 21-K Da &1

GG MEBE  (virulence gene @) pho P O AR TEYE)
anti-apoptotic B & ¥ & WG

B. Boosting, Pre-Exposure
1. Phase I: BifE—2008 4
a. MVASSA
b. M72
c. AERAS-402
d. SSI Hybrid-1
¢. SSI HyVac4/AERAS-404
f. AERAS-405
g. 130
h. Nas L3/Htk BCG

2. Phase I: 2009 or Later
a. Hsp C'"™ TB Vaccine
b. HBHA (heparin-binding haemagglutinin)
¢. NasL.3/AM85B conjugate
d. PP1,PP2, PP3
f. AC2SGL Diacylated Sulfoglycolipids
g. HVJ-liposome/Hsp65 DNA +11-12 DNA

JarEF v FMVA (Ag8SA R FH L 72)

Mtb32 +Mtb29 @ fusion & 1l

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

Ag85B, and TB 10.4.

fusion® (Ag85B-ESAT-6)

fusion & F1 (Ag85B-TB10.4)

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

Vv ¥) b Ag8SBERE

Heat shock protein antigen complexes (Hsp Cs)

Nasal vaccine/Man capped

Arabinomonnan oligosaccharide

BCG boosting

AC2 SGI. Mycobacterial lipids

M.Okada, [ SR BB B L iR > &

C. Post Exposure — Immunotherapy

1. Phase [: Bi#E— 2008 CiEE

Fragmented M. tuberculosis cells

naked hsp 65 DNA vaccine

Chimeric ESAT6/Ag 85A DNA 7 27 5

Recombinant BCG overexpressing chimeric ESAT6/Ag85A fusion protein
Recombinant Sendai virus overexpressing chimeric ESAT6/Ag85A fusion protein
Epitope-based DNA-prime/peptide-boost vaccine. (liposome &£ CpG 7 ¥/ 2287 1)

a. Mycobacterium vaccae Heat-Killed
b. MVAS5A
¢. RUTI
d. Nas L3/Htk BCG
2. Phase I: 2009 or Later
a. Nasl.3/AM85B conjugate
b. hspDNA vaccine
c. HGB56A
d. HBHA (heparin-binding hacmagglutinin)
e. HG856-BCG
f. HG856-SeV
g. TB Vax
h. F36, F727
i. Mycobacterium vaccae Heat-Killed
J- AcSGL. Diacylated Sulfoglycolipid
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FUEBRTTORRTH H. EBEY I Y EF ¥ T granu-
lysin'7 7 F ¥ % granulysin DNA W 7 9~ &< 7 XA T
BB RERLLY, L kb o C granulysin ¥/ 7 F
> IE# 1 MDR-TB % XDR-TBIZx} L & b CHM L ik
BBELRDHTHA .

V. #HLOLERT 7 FORERR (BEER)

(1) Stop TB Partnership
smanMmmwwmnummmuﬂﬁﬁﬁmf
Lo b BRRISHICHREZE LW Y 25 VB ) &
MESERLIL

H it D HVI/Hsp65 DNA+IL-12 DNAY 7 5~ %

BCG V7T~

.

g —

Fig.3 L W#E-¥0 v
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fEFO-—-D L LCEOHIZHEIR Z T WA (lable 37,
FNTRETRLLET 75 93l s T b

2006 ~2015 4 Global Plan to Stop 1B & LTH L\ 4%h
AR 7 9 B, 20504 & TSR, AT WHO
WHﬁﬁﬁéu

2) $EBYT v F v OIR O M
@ﬁLw%&va%ywm%mm

=2 4 ¥ (cynomolgus monkey, #® & b o) filikh

&k FVE TV, Nature Medicine 2, 430, 1996 2) 4 B
WBCG & 0 kA0 THIY 2 J/wkrﬁﬁ
#, Mk, KE, WoME 2Ry rF v 282
Ltwu1&bq.&ﬁw%ﬁh&%kaTku

DNA T 25

4 b

HSP65 DNA +11-12
s ANESVPN. B

B A
FA

Wasg A

(%) (DNAY 2T~

(A) S " n 2
I'B Erdman 5X10 P
7544 7-x5— | R P A o
Wy X8t
( l I I \_ 1 year _J %4} [Fany
s
B ()I'Ikt.y VA 2V
(B) = G1: BCG Tokyo-+HVI-liposome/Hsp65 DNA +11.-12 DNA
== (2: HVIJ-liposome/Hsp65 DNA +11.-12 DNA 4 BCG (Tokyo) boost
w=  G3: HVIdiposome/Hsp65+1L-12 DNA
== G4: BCG Tokyo
e (35 Saline
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] f ¥
] i '
80 i ]
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@ 60 ]
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H 404 /D?
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536 #H 85 % 65 201086 A
(A) intratracheal @ (%)
instillation 100
Cynomolgus B {351} "
monkey challenge : ‘gz zt ; e};g ht %0
SX10°CFU Immune responses
@ Survival = 60
ttttttttt 3 40
Therapeutic vaccine
20
(B) ‘Therapeutic efficacy of HSP65-+11.-12 DNA 0
Survival ™~ I{Y*{/[]ilsll’zﬁg [?'T\\JA Control
Body weight T 'I'hempé‘utic vaccine
Immune responses ™~

(Proliferation of T cell)

Fig. 5
cynomolgus monkeys

A JJHSP65 DNA+IL-12DNA T 7 F ¥ 3 X Y, 172f
BCG U 7 F vHRBITL LA, Ag8SB-ESAT-6RIE & /X
78 (Andersonlit: %) W\ I INLTWDHD, ELEY
b, TSN RIERHTH H. ) Huygen?® Ag85A
DNAY ZF ik R - EVEY FTHITH - 7298
TN OREEITHIS LA TR ol vd, 720
sy vy Ty NI rF LY, YT A
N AIZ8SA DNAZEEA L 22 7 F Vi3 TIH, 185B BCG
(Horowitz & 7 & 8 T M clinical trial & %2 o T\ 5'9
DLAHNSD T 27 3 =T w4 L A-85ADNAT 27 5~
W, 77957 T 1AM clinical trial TIE, 85A DNA#&
FUHC T B RIS A 2SR & s ',
DS I y=T - A¥ - (LR BCG—EA
HVI/HSP65 DNA+IL-12DNA Y & 5 &)
BROWBCGI 2T YR TI54 L0, HILWIZT
A S A W b i AAYA +furc-_a)75zr 2%
F =T R Y T 100% O B fF % R
3, BCGY 75 v ¥ 5B 33% 0)4 ff-:%f(bf.; i
DL, v ORI m_rwb AN E
i EBRT, WhHhHL T 2 Zhivhh
W R BR T JLLL~¢&b’.$ﬂfu%m%
ZBCGEPHB TN TVAZ L2, 754
IV FYELTBCGY ZF 2w, RAT Y
WA, BEN) ELTIODNAY 25>

BT —ARE 05 ELUTHOWAREY 25~ OBRIR
ISHETH AL (Fg. 3)-
@AY 79> (kig.4, Fig.5)

BY L oA =2 A F NV OFRTHVI- L ¥ XTI =7
Hsp65 DNA+ & M IL-12 DNAY 7 F > &85 L. &

ORETIESHE AR SH100% O EfFRPBO S, —)
ay b AEEOEERS T, 600%OETFRTH -

156

Therapeutic effect of HVIJ-Envelope/HSP 65 DNA +]1L-12DNA vaccine on TB-infected
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