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Preclinical study and clinical trial of a novel therapeutic vaccine against multi-drug
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ABSTRACT
[Purpose] Multi-drug resistant (MDR), Mycobacterium tuberculosis (TB) is a big problem in the world. We
have developed novel TB therapeutic vaccine (HVJ-E/HSP65 DNA CIL-12 DNA).
[Methods and Results] DNA vaccine expressing TB heat shock protein 65 and IL-12 was delivered by the
hemagglutinating virus of Japan (HVJ)-envelope. This vaccine provided remarkable protective efficacy and
strong therapeutic efficacy against MDR-TB and XDR-TB in murine models. Furthermore, this vaccine
provided therapeutic efficacy of prolongation of survival time of TB infected monkeys and augmented the
immune responses.
Therefore, the preclinical tests were studied for clinical trial. The injection of 100 mg of the vaccine /mouse i.m.
three times in two weeks induced significantly strong production of IFN-g and IL-2. 100 mg and 200 mg DNA
vaccine/mouse i.m. augmented the production of these cytokines compared with 25 mg DNA vaccine/mouse i.
m.. The ratio of 100 mg pDNA to 1AU HVJ-E enhanced the production of IFN-g and IL-2. The decrease in the
number of M. tuberculosis in liver of mice was observed by the vaccination of 100mg pDNA. By using these
conditions, safety pharmacology study and toxicology test is being studied in monkeys administered by GMP
level DNA vaccines. By the toxicology test using monkeys, high dose GMP level vaccine/ monkey is
administrated. Safety pharmacological study of repeated administration is also being investigated in GLP level.
Furthermore, we have planned to do clinical phase I trial. Targets are human patients with MDR-TB. The
safety and tolerability of the vaccine will be evaluated.
[Conclusion and recommendations] These data indicate that our novel vaccine might be useful against
tuberculosis including XDR-TB and MDR-TB for human therapeutic clinical applications.
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Introduction

Tuberculosis is a major global threat to human health, with
about 1.5 million people dying every year from Mycobacte-
rium tuberculosis (TB) infection. The only tuberculosis vac-
cine 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.1 About 500,000 of people around the world are
affected by MDR-TB every year. However, there are a small
number of effective drugs against MDR-TB. In such circum-
stances, the development of therapeutic vaccine against TB
as well as prophylactic vaccine against TB is required.
Therefore, we have developed a novel TB vaccine, a DNA
vaccine expressing mycobacterial heat shock protein 65
(HSP65) and interleukin-12 (IL-12) delivered by the hemag-
glutinating virus of Japan (HVJ)-envelope (E).2-7 This vac-
cine was more efficient than BCG in the murine TB-
prophylactic model on the basis of the elimination of M.
tuberculosis mediated by the induction of CTL and produc-
tion of IFN-g, as several reports demonstrated that CTL,
Th1 cell and IFN-g played a very important role of TB

vaccine.2-4,8-19 Furthermore, in our previous study, (1)
HVJ-E/pcDNA3.1 HSP65 DNA C IL-12 DNA vaccine
showed therapeutic efficacy against MDR-TB in mice. (2)
Significant prolongation of survival was observed in the
XDR-TB infected mice by the treatment with this vaccine.
(3) Therapeutic efficacy of this vaccine on chronic TB dis-
ease models using mice infected with TB in the aerosol
chamber was demonstrated.9,10 A nonhuman primate model
of TB will provide information for vaccine development.4,5,20

In fact, in the previous study, we evaluated the therapeutic
and protective efficacy of HSP65 DNA C IL-12 DNA vac-
cine in the cynomolgus monkey model, which is an excellent
model of human tuberculosis.3,4,9,10 HVJ-E/pVAX1-HSP65
DNA C IL-12 DNA vaccine exerted the therapeutic activity
in the cynomolgus therapeutic model [prolongation of sur-
vival, augmentation of proliferation of PBL and improve-
ment of erythrocyte sedimentation rate (ESR)].9,10 It is very
important to evaluate the long-term survival in a monkey
models, as human TB is a chronic infection disease.4,9,10

Thus, we are taking advantage of the availability of multiple
animal models and are accumulating essential data on the
HVJ-E/HSP65 DNA C IL-12 DNA vaccine in anticipation
of initiating a phase I clinical study.10
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Therefore, in this study, we evaluated the preclinical study of
pharmacological efficacy using animal models and discussed
the toxicity, pharmacological safety and toxicokinetics (TK) for
human clinical trial.

Results

(1) Construction of DNA vaccine for preclinical study.
HVJ-Envelope/HSP65 DNACIL-12 DNA vaccine was con-
structed for preclinical study. The vaccine contains two kinds
of DNA in one plasmid vector (pVAX1) (Fig. 1). Combination
of cDNA-IgHsp65 derived from M. tuberculosis and cDNA-
mouse(m)IL-12 p40p35-F was constructed in pVAX1 plasmid
and encapsulated into HVJ-Envelope.2,10

(2) Administration route of the vaccine.
Efficacy of vaccine of intramuscular administration (i.m.) was
compared with the efficacy of intradermal administration (i.d.).
BALB/c mice and C57BL/6 mice were administered with the
vaccine from one time to 6 times during two weeks by i.m. or i.
d.. IFN-g from spleen cells of BALB/c mice was more signifi-
cantly produced, when the vaccine was administered intramus-
cularly compared with intradermal administration. IL-2 was
also strongly produced by the administration of vaccine i.m..
(data not shown)
(3) Administration dose and times of HVJ-E/pVAX-HSP65

DNA+IL-12 DNA vaccine.
In order to investigate the effective dose and times of the vac-
cine, 1»6 times administration of 25»200 mg DNA vaccine
was i.m. injected into C57BL/6 mice in two weeks as described
in Material and Methods, and the method of previous
report.10,21

After 4 weeks, spleen cells obtained were cultured in vitro by
the stimulation with recombinant HSP 65 antigen, PPD, or
killed H37Ra TB antigens for 1 day or two days. IFN-g, IL-2,
and IL-6 in the culture supernatants were analyzed using
ELISA.
As shown in Figure 2 and Figure 3, the injection of 100 mg of
the vaccine/mouse i.m. three times in two weeks induced signif-
icantly (p<0.01) high production of IL-2 by the stimulation
with HSP65, PPD and killed H37Ra TB antigens (Fig. 2). On
the other hand, IFN-g production was augmented by the stim-
ulation with HSP65 (p<0.01) and PPD (p < 0.05) in the vacci-
nated group. IL-6 production in the 1 day culture supernatants
was enhanced by the vaccination with 100 mg of DNA com-
pared with control. (data not shown)
As shown in Figure 4, 100 mg and 200 mg of DNA vaccine/
mouse i.m. augmented the production of IL-2 cytokine by the
stimulation with HSP65 compared with control group.
(p<0.05) 25 mg of DNA vaccine/mouse i.m. did not exert the

Figure 1. Construction of DNA vaccine for preclinical trial. HVJ-Envelope/HSP65
DNACmouse IL-12 DNA vaccine was constructed for preclinical vaccine which con-
tains two kinds of DNA in one plasmid vector (pVAX1).

Figure 2. Three times administration of 100 mg DNA vaccine (HVJ-Envelope/HSP65 DNACIL-12 DNA vaccine)(■) was i.m. injected into C57BL/6 mice in two weeks.
100 mg pDNA (HSP65 DNA C IL-12 DNA)C 1AU HVJ-E were used as vaccine. After 4 weeks, spleen cells were cultured in vitro by the stimulation with 10mg/ml of recom-
binant HSP65 antigen (derived from H37Rv TB), 20mg/ml of PPD, or 20mg/ml of killed H37Ra TB antigen for 1 day. Five % of trehalose phosphate buffer was used for con-
trol(&). IL-2 in the culture supernatants was analyzed using ELISA. Results are expressed as the mean § S.D. of pg of IL-2. The statistical significance of differences
between individual groups in the pg of IL-2 was determined by Dunnett’s test; �� p < 0.01: the statistical significance of differences (p < 0.01).
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enhancement of IL-2 production significantly in comparison to
control group.
The production of IL-2 by the vaccination using 200 mg DNA
was same level of IL-2 production by the vaccination using
100 mg DNA. Therefore, 100 mg DNA was administered for
the vaccine against TB hereafter (Fig. 4).
Three times immunization with this vaccine in two weeks
induced significantly (p<0.05) strong production of IL-2 in
comparison to control (Fig. 5). The thrice vaccination in two
weeks also augmented strong IFN-g production. (data not
shown)
Six times vaccination in BALB/c mice was not significantly
stronger than 3 times vaccination for the production of cyto-
kine, IL-2 (Fig. 5). Using C57BL/6 mice, it was shown that six
times vaccination was not also significantly higher than 3 times
vaccination for the production of cytokines (IFN-g, IL-2), con-
tributing tuberculosis immunity (data not shown).

(4) The ratio of pDNA to HVJ-E.
Furthermore, we investigated the ratio of pDNA to HVJ-E for
the induction of the cytokines(IFN-g and IL-2). The ratio of
100 mg pDNA to 1AU HVJ-E induced significantly high IL-2
production by the stimulation with 20 mg/ml of PPD antigen,
compared with control (Fig. 6). The same ratio of pDNA to
HVJ-E also exert the enhancement of IFN-g production. (data
not shown)
(5) Therapeutic efficacy of pVAX-HSP65 DNA+IL-12 DNA

vaccine.
Therapeutic efficacy of pVAX-HSP65 DNACIL-12 DNA vac-
cine on the TB infection in the C57BL/6 mice was investigated.
Groups of mice were challenged by intravenous injection with
5 £ 104 CFU TB, and then treated three times with the 100 mg
of pVAX-HSP65 DNA C IL-12 DNA vaccine in two weeks.
Three weeks after the challenge of TB infection, therapeutic
efficacy was measured by enumerating the bacterial loads

Figure 3. Three times administration of 100 mg DNA vaccine (HVJ-Envelope/HSP65 DNACIL-12 DNA vaccine) (■) was i.m. injected into C57BL/6 mice in two weeks. (&)
control (5% trehalose phosphate buffer). After 4 weeks, spleen cells were cultured in vitro by the stimulation with 10mg/ml of recombinant HSP65 antigen (derived from
H37Rv TB) and 20mg/ml of PPD for 1 day. IFN-g in the culture supernatants was analyzed using ELISA.�� p<0.01: the statistical significance of differences (p<0.01).
�p<0.05 (Dunnett’s test).

Figure 4. 25 mg, 100mg or 200mg DNA vaccine/mouse was i.m. administrated into C57BL/6 mice in two weeks. ( )25mg pDNA (HSP65 DNACIL-12 DNA)CHVJ-E 0.25AU/
mouse, (&) 100mg pDNACHVJ-E 1.0AU/mouse, ( ) 200mg pDNACHVJ-E 2.0AU/mouse. (&) control (5% trehalose phosphate buffer). After 4 weeks, spleen cells were
cultured in vitro by the stimulation with 10 mg/ml of recombinant HSP65 antigen and 20 mg/ml of PPD for 1 day. IL-2 in the culture supernatants was analyzed using
ELISA. � p<0.05: the statistical significance of differences (p<0.05) by Dunnett’s test.
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(CFU) in the liver. Therapeutic efficacy of the pVAX-HSP65
DNACIL-12 DNA vaccine was significantly demonstrated
(p<0.01) in the liver (Fig. 7). Therefore, preclinical studies
using monkey for human clinical trial are planned as described
in discussion.

Discussion

In the present preclinical study, pVAX-HSP65 DNACIL-12
DNA which contains two kinds of DNA in one plasmid vector
for clinical therapeutic trial, exerted a significant therapeutic
effect against TB, as same efficacy was reported previously
using pcDNA 3.1 vector (pcDNA-HSP65 DNACpcDNA-IL-12
DNA) which contains one DNA in each plasmid vector.9,10

The decrease in the CFU of TB in the liver of mice was demon-
strated by the vaccination of pVAX-HSP65 DNACIL-12 DNA.
Therefore, HVJ-E/pVAX-HSP65 DNACmIL-12 DNA was
used for preclinical study in animals.

In the present preclinical study, this vaccine showed
strong induction of immune responses against M.TB, as
indicated by(1) significant augmentation of IL-2 and IFN-g
production from mice vaccinated with 100mg of pDNA/
mouse i.m. (2) remarkable induction of these cytokines
from mice vaccinated three times, and (3) suitable produc-
tion of these cytokines by the ratio of 100mg pDNA to
1AU HVJ-E.

Furthermore, by using these experimental conditions, safety
pharmacology study and toxicology test of preclinical study for

Figure 5. Analysis of administration times of DNA vaccine. One time ( ), three times (&) and six times ( ) administration of 100 mg DNA vaccine (HVJ-Envelope/HSP65
DNACIL-12 DNA vaccine) into the BALB/c mice were done i.m. in two weeks. Five % trehalose phosphate buffer was used as control (&). After 4 weeks, spleen cells were
cultured in vitro by the stimulation with 10 mg/ml of recombinant HSP65 antigen and 20 mg/ml of PPD for 1 day. IL-2 in the culture supernatants was analyzed using
ELISA. � p<0.05: the statistical significance of differences (p<0.05) by Dunnett’s test.

Figure 6. The ratio of pDNA to HVJ-E. The ratio of pDNA to HVJ-E was investigated for the induction of the cytokine (IL-2). The ratio of 100 mg pDNA to 0.2»2AU HVJ-E
was administrated into C57BL/6 mice. HSP65 DNAC IL-12 DNA: pDNA 100mgC HVJ-E 0.2AU ( ), pDNA 100mgC HVJ-E 1AU (&), pDNA 100mgC HVJ-E 2AU ( ), control
(5% trehalose phosphate buffer) (&). IL-2 production by the stimulation with 10 mg/ml of HSP65 protein or 20 mg/ml PPD antigen was analyzed by ELISA. � p<0.05: sta-
tistical significance (Student t).
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human clinical trial is being studied in monkeys administered
by GMP level-DNA vaccines (Table 1–Table 3).
(1) Single-dose toxicity test using monkey will be examined

by subcutaneous administration of high dose of this vac-
cine. Toxicity will be evaluated by the general state, food
consumption, body weight, blood examination and
blood biochemistry (Table 1).

(2) Repeated-dose toxicity test of GLP-level has been
planned, using HVJ-E/pVAX-HSP65 DNAChumanIL-
12 DNA vaccine (GMP level) for clinical trial, as shown
in Table 2. The vaccine will be repeatedly i.m. adminis-
tered into cynomolgus monkeys. Repeated-dose toxicity
is planned to include evaluation test for acute toxicity,
local irritability, toxicokinetics, and central nervous sys-
tem at GLP level (Table 2).

(3) Toxicokinetics(TK) will be studied by the concentration
of human IL-12 in the blood of monkeys vaccinated with
HVJ-E/pVAX-HSP65 DNAChumanIL-12 DNA vaccine
(GMP level) for clinical trial. Human IL-12 will be exam-
ined by the ELISA (Table 2).

(4) Safety pharmacology study of GLP-level is planned to
include cardiovascular system, respiratory system and
body temperature. Blood pressure, heart rate, EKG (PR,
QRS etc.), respiratory function (respiratory rate,

ventilation volume and body temperature in the vacci-
nated monkeys) will be evaluated (Table 3).

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.1,22

In our previous study, the HVJ-E/pcDNA3.1-HSP65
DNACpcDNA3.1-IL-12 DNA vaccine exerted the therapeutic
activity even against XDR-TB which is resistant to RFP, INH,
SM, EB, EVM, TH, PAS, LVFX, PZA and only sensitive to CS.9

Furthermore, pVAX-HSP65 DNACIL-12 DNA vaccine which
contains these two kinds of DNA in one plasmid vector
(pVAX) demonstrated the therapeutic efficacy against TB in
the monkey model.9,10 HSP65 DNACIL-12 DNA vaccine
exerted strong therapeutic efficacy (100% survival at 19weeks
after challenge and augmentation of immune responses) in the
TB-infected monkeys.9,10

On the other hand, CTL and type I helper T cells are very
important for the protective and therapeutic efficacy against
TB including MDR-TB and XDR-TB, as reported using several
animal models and infectious diseases.8-11,18,21,23,24

DNA vaccine is a relatively new approach to immunization
for infectious diseases.2,3,4,12-16

A hemagglutinating virus of Japan envelope (HVJ-Envelope)
using inactivated Sendai virus has been developed, as a nonviral
vector for drug delivery.3,4,6,7 It can efficiently deliver DNAs,
siRNAs, proteins and anti-cancer drugs into cells both in vitro
and in vivo. Therefore, HVJ-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 pro-
grams to evaluate the current vaccines for post-exposure vac-
cine which prevents reactivation of TB in the large proportion
of the global population latently infected with TB.

Figure 7. Therapeutic efficacy of pVAX1-HSP65 DNACIL-12 DNA vaccine on the TB
infection in the C57BL/6 mice. Groups of mice were challenged by intravenous
injection with 5 £ 104 CFU TB, and then treated three times with the vaccine, as
described in Material and Methods. Three weeks after challenge, therapeutic effi-
cacy 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 differ-
ence between vaccinated group (■) and control group (&) was determined by
student’s test (n D 10). � p<0.01: the statistical significance of differences of vacci-
nated group to control group.

Table 1. Toxicity test and safety pharmacology study using monkey.

1. Single-Dose(High-Dose) Toxicity Test
① Test animal: Cynomolgus monkey
② Test substance: pVAX-HSP65 DNA/human IL-12 DNACHVJ-E
③ Administration : subcutaneous administration
④ Volume: High Dose DNA vaccine(more than 20-fold)

2. Repeated Dose Toxicity Test (GLP)
3. Safety Pharmacology Study (GLP)

① cardiovascular system,② respiratory system,③ body temperature

Single-dose (high-dose) toxicity test, repeated toxicity test and safety pharmacol-
ogy study of preclinical study using monkey are planned to investigate for clini-
cal trial.

Table 2. Repeated dose toxicity test (GLP). [Evaluation for① acute toxicity
② local irritability③ toxicokinetics④ central nervous system].

1. GLP
2. Test animal: Cynomolgus monkey
3. Test substance: pVAX-HSP65 DNA/human IL-12 DNAC HVJ-E
4.Evaluation:①acute toxicity(blood examination, etc.)

②local irritability test
③toxicokinetics(TK)

Human IL-12 in the blood of monkeys
④safety pharmacology study

central nervous system (CNS)

Repeated dose toxicity test of preclinical study using monkey is planned to investi-
gate for clinical trial.

Table 3. Safety pharmacology study (GLP). [Cardiovascular system, body tempera-
ture and respiratory system.]

1. GLP
2. Test animal: Cynomolgus monkey
3. Test substance: pVAX-HSP65 DNA/human IL-12 DNACHVJ-E
4. Evaluation: ①Blood pressure

②Heart rate etc.
③Respiratory function
④Body temperature

Safety pharmacology study of preclinical study using monkey is planned to investi-
gate for clinical trial.
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According to our knowledge, only a few therapeutic vaccine
against TB has been reported.18,19

Using animal models (monkey), preclinical studies of toxi-
cology and safety pharmacology were investigated for human
clinical trials of several novel prophylactic vaccines for TB,
such as M72 vaccine, MVA 85A vaccine and AERAS-402.25-27

Thus, taken together, our results with the HVJ-Envelope/
HSP65 DNACIL-12 DNA vaccine in the present murine pre-
clinical study and monkey preclinical study plan (safety phar-
macology, toxicokinetic study and toxicology test) should
provide a significant rationale for moving this vaccine into clin-
ical trial.

Plan for clinical trial of this vaccine against the patients with
MDR-TB (RFP resistant and INH resistant) is shown in Table 4.
Principal evaluation for clinical trial is safety and approval. Sec-
ondary evaluation for clinical trial is anti-tuberculosis efficacy
(decrease in the number of TB in the sputum of patients with
MDR-TB) and immune responses against TB. The trial will be
studied in the National Hospital Organization Hospitals in
Japan.

Multidrug- resistant tuberculosis (MDR-TB) and extensively
drug-resistant tuberculosis (XDR-TB) are an increasing public
health threat.1 Delamanid and bedaquiline are two drugs that
were recently approved by the Food and Drug Administration
for treatment of MDR-TB and XDR-TB.28 However, acquired
resistance to delamanid and bedaquiline in therapy for tubercu-
losis is recently described.29-31The stepwise amplification of
drug resistance of bedaquiline and delamanid in a patient with
XDR-TB was observed. It serves as a warning for the future
appearance of resistant TB against new antituberculosis drugs.
Thus, it emphasized the need for the novel therapeutic vaccines
which are different from antituberculosis chemical drugs.

In conclusion, these data indicate that HVJ-Envelope/
pVAX-HSP65 DNACIL-12 DNA vaccine might be useful
against TB including XDR-TB and MDR-TB for human thera-
peutic clinical trials.

Material & methods

(Material and Methods for preclinical study of the vaccine
using mice.: Test for Pharmacological Efficacy)

Animals

Mice (female BALB/c CrSlc and female C57BL/6 N CrSlc) were
purchased from Japan SLC (Shizuoka, Japan). Mice were main-
tained in isolator cages and manipulated in laminar flow hoods.
All animal experiments were approved by the National

Hospital Organization Kinki-chuo Chest Medical Center Ani-
mal Care and Use Committee. All vaccinations, TB administra-
tion and experiments on isolate tissue of animal were done
under anesthetic state with sevoflurane.10 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.

Plasmid construction and HVJ-E

pVAX1-HSP65 DNA C mouse IL-12 DNA (two kinds DNA in
one plasmid vector) was originally constructed as described
previously.9,10 The pDNA was made in Oriental Yeast (Shiga,
Japan).9,10 Five % of trehalose phosphate buffer was used as
control.

The hemagglutinating virus of Japan (HVJ)-envelope (HVJ-
E GenomOne-Neo, lot 602032) was purchased from Ishihara
(Osaka, Japan). and used as previously described.4,9,10 One hun-
dred mg of pDNA: pVAX-HSP65 DNA C IL-12 DNA and
1AU of HVJ-E were used as vaccine, usually.

Bacteria

M. tuberculosis strain H37Rv was kindly provided by Dr. I.
Sugawara (JATA, Tokyo, Japan).2,10,11

Vaccination

a. Administration times and route of the vaccine:
The effective administration routes of vaccines were
investigated using these mice.
The intramuscular (i.m.) administration route was com-
pared with the intradermal (i.d.) administration using
IL-2, IFN-g and IL-6 production activity of spleen cells.
Mice were administered with the vaccine from one time
to six times during two weeks by i.m. or i.d.. After 4
weeks, spleen cells obtained were cultured in RPMI1640
medium contained 10% FCS(Hyclone:lot
NoANTG19241) C SM C PC C 2ME.32 Spleen cells
were stimulated with recombinant HSP65 antigen
(10mg/ml or 20mg/ml)(Oriental Yeast), 20mg of PPD
(Japan BCG Laboratory: lotT369), and killed H37Ra TB
antigens (Difco: lot3262499) for 1 day or two days. IFN-
g, IL-2, and IL-6 in the culture supernatants were ana-
lyzed using ELISA (BD Biosciens:BD opt EIA).

b. Administration doses of the vaccine 25mg, 100mg, or
200mg of pDNA (pVAX1-HSP65 DNA C IL-12 DNA)
was immunized i.m. into C57BL/6 mice 3 times in two
weeks. After 4 weeks spleen cells were stimulated with
10mg/ml of HSP65 protein, 20mg/ml of PPD or 20mg/ml
of killed H37Ra TB antigen for 1 day. IFN-g, IL-2 and IL-6
in the culture supernatants were analyzed using ELISA.

c. Ratio of pDNA to HVJ-E to induce cytokines (IL-2, IFN-
g and IL-6) was also investigated.

d. Production of cytokines (IL-2, IFN-g, and IL-6):
Mouse cytokines were measured in quantitative ELISAs
for IL-2, IFN-g, and IL-6 as described previously.2,33

e. Therapeutic efficacy of pVAX1-HSP65 DNACIL-12
DNA vaccine on the TB infection in the C57BL/6 mice.

Table 4. Plan for clinical trial of HVJ-E/HSP65 DNACIL-12 DNA therapeutic vaccine
for the patients with MDR-TB.

Principal Evaluation
& Safety
& Approval

Secondary Evaluation
& Anti-Tuberculosis Efficacy

(Decrease in the number of TB in the sputum)
& Immune Responses

The aim cases
3»6 patients / dose
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Groups of mice were challenged by intravenous injection
with 5 £ 104 CFU TB, and then treated three times with
the vaccine without HVJ-E. Human virulent H37Rv M.
tuberculosis was used as TB.2 Three weeks after chal-
lenge, therapeutic efficacy was measured by enumerating
the bacterial loads (CFU) in the liver, spleen and lung.9-11

Statistical analysis

Dunnett’s tests (multiple comparisons) were used to compare
the cytokines production between groups in the ELISA assay. A
P-value of < 0.05 was considered significant.8

Abbreviations

TB tuberculosis
MDR-TB multi-drug resistant tuberculosis
HSP65 heat shock protein 65 kDa from M. TB
IL-12 Interleukin 12
HVJ hemagglutinating virus of Japan
HVJ-E HVJ-Envelope
CTL Cytotoxic T lymphocytes
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