immunization, H37Rv M.tuberculosis (M.tb) was challenged.
Five weeks after the challenge of M.th, mice were sacrificed and
C.F.U. of M.tb in lung, liver and spleen were accessed as reported

previously.>" The C.EU. of lungs in BCG vaccine alone group
was decreased in 1 Jog compared with non-vaccinated mice
group. The combination of the DNA vaccine (FHSP65 DNA +
I1.-12) and BCG -using prime-boost method enhanced the pro-
phylactic efficacy (more than ten thousand fold) in the mouse
model of TB (BCG prime-DNA vaccine boost). This regimen
(BCG-prime then DNA vaccine boost) strongly increased the
number of IFN-vy producing cells as compared with BCG vac-
cine alone (Table 1).

CID8* CTLs have been considered as critical effectors of
protective immunity to M. tuberculosis. This vaccine induced
CD8* CTL against TB, whereas a littde or no CTL response was
observed in either the naive or BCG-vaccinated mice (Figs. 2
and 3). We used HSP65 DNA-transfected syngenic tumor cells
as target cells for CTL. This vaccine augmented the induction of
CD8~ CD4 CTL against target cells in vivo. On the other hand,
a little or no CTL response was observed in BCG-vaccinated
mice {Figs. 2 and 3).

Furthermore, we revealed that CD8* T cells as wel 1 asCD4* T
cells were necessary for the prophylactic effficacy of this vaccine.
The administration of anti-CD8 antibody or anti-CD4 antibody
during the whole immunization period decreased the antibacte-
rial immunity against TB and increased the number of C.F.U in
lungs (Table 2). Simultancous administration of anti-CD8 and
anti-CID4 antbodies resulted in the further increase of the num-
bet of C.F.U in lungs (Table 2).

T cell activation by HSP 65+1L-12/HV] DNA vaccine in the
monkey model of TB. We used cynomolgus monkeys and prime-
boost methods for the evaluation of our vaccines. We immunized
monkeys with BCG Tokyo as a prime vaccine, and then immu-
nize them with this vaccine as a boost vaccine. Survival rate of
monkeys vaccinated with BCG prime-HSP65+11-12 DNA boost
was 100%. In contrast, survival'rate of monkeys vaccinated with
BCG alone was 33%. Thus, prime-boost method showed stron-
ger efficacy than the method vaccinated with BCG alone (data
not shown).

IFN-vy production from PBL was the highest level in the mon-
key group immunized with BCG prime-HSP65+IL-12/HV]
DNA. vaccine boost (Fig. 4A). The strongest production of 1L-2
from PBL was also observed in same group (Fig. 4B). Thus, in
monkey as well as in mouse, we demonstrated that the combina-
tion of BCG Tokyo as a prime vaccine and the DNA vaccine as
a boost vaccine is suitable method to get the prophylactic effica-
cies against TB. The prime-boost method efficiendy induced the
TB-specific CTL and also induced the production of IFN-y and
IL-2.

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

vww.Jandesbioscience.com

Table 1. ELISPOT assay for IFN-y antigen«épecific responses in the
spleens of vaccinated mice following stimulation with HSP65 protein

. Vaccination Number of IFN~y secreting cells/
(17/2m4/3) (10°splenocytes)
@1 -1 3 * 1
G2 -/-/BCG 13 +
G3  DNA¥DNA/DNA 16 +
G4 BCG/DNA/DNA 115 + 12

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

Correlation of IL-2 production and the therapeutic efficacy
of HSP65+11.-12/HV] DNA vaccine in the monkey model of
TB. This vaccine showed therapeutic efficacy against MDR-TB
and XDR-TB as well as drug-sensitive TB in mice.”'*2 Therefore,
we confirmed the therapeutic efficacy of the DNA vaccine and T
cell responses induced by the DNA vaccine in the monkey model
of TB. To establish the model of TB, human TB (5 x 10* CFU)
was intratracheally instillated in monkeys. After the TB infec-
tion, DNA vaccine was injected intramuscularly 9 times, three
times a week. Therapeutic effect was evaluated on the basis of
survival, ESR, body weight, immune responses, chest X-ray and
PPD skin test.

Injection of the therapeutic vaccine improved the survival
of monkeys, as compared with the saline (control) group. No
death was observed in monkey group treated with HSP65 +I1.-
12/HV] DNA vaccine. In contrast, the survival rate of control
saline group was 60% (data not shown). The proliferation of PBL
after the stimulation with HSP65 was measured to evaluate the
immune response. The proliferation of PBL from the monkeys
treated with the DNA vaccine was more augmented than that
from the monkeys treated with saline (data not shown). IL-2 pro-
duction from PBL after the stimulation with killed TB H37Ra
antigens was also examined. The level of IL-2 was higher in the
DNA vaccine-treated group than that in saline control group
(Table 3A). In addition, the IL-2 production from PBL after the
stimulation with PPD was seemed to correlate with the survival
after TB challenge. The level of I1.-2 production of died monkeys
was significantly lower than that of survived monkeys in saline
group at 53days after TB challenge (Table 3B). IL-2 production
by the stimulation with HSPG5 protein was also extremely low
level in died monkeys (data not shown). These data suggested
that therapeutic efficacy of this vaccine correlate with the level of
IL.-2 production.

Induction of CTL by 15K granulysin vaccine. Granulysin is
protein Lspcaa] y abundant in CTL and NK cells. it is be clas-
sified into two major prowin products [15kDa (15K) granuly-
sin and 9kDa (9K) granulysin]. Latter granulysin (9K) exhibiss
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precursor CTL into effecter CTL.
Thus, this is a first report that reveals
the novel function of 15K granulysin
(inducer of CTL differentiation).
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lysin which induces the differentia-
tion of CTL. Thus, there is a positive
feedback loop (or autocrine system)
in the regulation of the production
of 15K granulysin. Granulysin (15K)
might efficientdy induce TB-specific
CTL and enhance its therapeutic
“effect against TB infection by means
of such a positive feedback loop sys-
tem (Fig. 5).

CTL induction by Ksp37 vac-
cine. To investigate the immune

function of Ksp37 protein, in vitro

CTL induction by the addition of

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

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

recombinant Ksp37 protwin was ana-
lyzed in murine system. Splenic T
cells from C57BL/6 were cultured
with alloantigen (BALB/c spleen

potent cytotoxic activity against a broad panel of microbial tar-
gets, including bacteria, fungi and parasites. Granulysin is pres-
ent in human CD8* (and some CD4*) CTLs, NK cells, NKT
cells and v/8 T cells. However, the precise function of 15K gran-
ulysin has not yet been elucidated. We found that 15K granulysin
was secreted from CD8 positive CTL, could enter into human
macrophages and killed M. tuberculosis in the cytoplasm of mac-
rophages. Expression of 15K granulysin protein and mRNA in
CD8 positive T cells in the patients with Tuberculosis was sig-
nificantly lower than those in the healthy volunteers. Moreover,
the induction of 15K granulysin production after the stimula-
tion with PPD antigen was suppressed in the supernatants of PBL
from TB patients {(data not shown).

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

"node and PEC (peritoneal exudate cells) (Table 4B).

Synergistic effect was observed by the combination of recom-
binant 15K granulysin and [1-G-related DNA vaccine (IL-6+
IL-6 receptor + gp130 DNA vaccine). In vivo induction of CTL
specific for HSPGS TB antigen was augmented by the combina-
tion of two vaccines (data not shown). Two types of granulysin

. vaccines (recombinant 15K granulysin and 15K granulysin DNA
vaccine) showed strong therapeutic efficacy in the mice infected
with TB by aerosol challenge, resulted in the decrease of the
number of C.F.U. in the lungs, liver and spleen (data not shown).

The granulysin (15K) has function as a CTL differentiation
factor (Fig. 5). It augmented the differendiation of CTL from
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cells) in the presence or absence of
recormbinant Ksp37 for five days.

[nduction of in vitto CTL differentiation was observed by the
addition of recombinant Ksp37 (Fig. 6), suggesting that Ksp37
has function as a CTL differentiation factor. )

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

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

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

We demonstrated that: (1) HSP65+IL-12/HV]-E DNA vac-
cine (HSP65 vaccine) had a prophylactic effect against TB. We
revealed the induction of CD8* CTL and CD4* T cell were
required for the protective efficacy of HSPG5 vaccine. We also
confirmed currently available vaccine (BCG vaccine) induced
a lidle or no TB-specific CTL; (2) We also revealed the 15K
granulysin functioned as a cytotoxic T cell differentiation fac-
tor (CTL differentiation factor). The production of granulysin
is regulaied by the positive feedback system. Thus, granulysin-
based vaccine might have a strong therapeutic potency against
TB, since it is expected to effectively induce TB-specific CTL;
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induction of CD8*CTL against TB from mice vaccinated with
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z Figure 3. Induction of CD8 positive CTL against TB by HVJ-Envelope/HSP65 DNA + IL-12 DNA vaccine, and differentiation of CTL.

(3) We also revealed that Ksp37 acts as a CTL differentiation
factor in human and mouse. Ksp37 vaccine augmented the pro-
duction of I1.-2, IFN-y, and [1.-6 from murine T cells and spleen
cells; (4) We also demonstrated the synergy of the vaccines, e.g.,
synergistic effect on the in vicro CTL induction was shown by
the combination of Ksp37 and granulysin DNA vaccines.

These data indicate that all of our novel vaccines are able to
induce the TB-specific CTL effectively and the combination reg-
imen of those vaccines might provide the new strategy to get very
strong protective and therapeutic efficacy against TB.

Discussion

In the presentstudy, we studied the CTL differentiation against TB
induced by the administration of novel vaccines (HSP65+11.-12/
HVJ-E DNA vaccine, granulysin vaccine and Ksp37 vaccine).
We found (1) 15K granulysin functions as a cytotoxic T cell
differentiation factor (CTL differentiation factor). The thera-
peutic efficacy of 15K granulysin vaccine might be mediated by
the induction CTL; (2) Ksp37 also acts as a CTL differentia-
tion factor in mice; (3) Ksp37 vaccine induces the production of
IL-2, IFN-y and IL-6 from murine T cells and spleen cells; (4)
Synetgistic effect on the in vitro CTL induction is expected by the
combination of Ksp37 vaccine and granulysin vaccine.

On the other hand, it was demonstrated that FISP65 +11.-12/
HVJ-E DNA vaccine (HSP65 vaccine) has a prophylactic ¢ffi-
cacy against TB and that the induction of CTL specific for TB
is important for the efficacy of the vaccine. By using CD8 anti-
body and CID4 antibody we found CD8 pasitive CTL and CD4
positive T cell were required for che proteciive efficacy of HSPGS

www.landesbisscierce.com
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Table 2. The in vivo necessity CD8 positive T cells and CD4 positive T
cells for prophylactic efficacy of the HVJ-Envelope/HSP65 DNA + IL-12
DNA vaccine

Vaccination . Log,, CFU of TB
Antibody
1= 2m 3 in the lung
G1 - - - - 6.6+0.3
G2 BCG DNA  DNA - 5.3+0.3
G3 BCG DNA  DNA aCD8 Ab 5.9+0.1
G4 BCG DNA  DNA aCD4 Ab 71+0.5
G5 BCG DNA DNA  «afD8Ab+alD4 Ab 84+02

*p < 0.05 G2vsG3, G4; **p < 0.01. G2vsG5, Anti-CD8 antibody and/or
Anti-CD4 antibody were injected i.p. every 5 d after the challenge of TB.
BCG was used as a prime vaccine and the DNA vaccine was immunized
twice (HVJ-Envelope/HSP65 DNA 50 g + IL-12 DNAS50 jug) as boost vac-
cine. Four weeks after last immunization, 5 x 10° H37Rv were challenged
i.v. into mice. (G2-G3: p < 0.05); (G2-G4: p < 0.05); (G2-G5: p < 0.0%).

vaccine in vitro and in vivo. In contrast, BCG vaccine induced a
little or no CTL against TB.

There are increasing evidences which indicate the impor-
tance of cytotoxic cells.>® Their role in immunity to TB has
been revealed by using knockout mice lacking a gene or genes
related to major histocompatibility complex (MHC) class I (e.g.,
transporter associated with antigen processing-1, CD8, 2m, and
MHC class I heavy chain). These genes are involved in the anti-
gen presentation via MHC class I, by cell-transfer experinients
and by depletion of CD8* CTLs with antibodies. CD&* CTLs
play a major role in the concrol of the latent TB 244
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§ Figure 4. IFN-y and IL-2 production efficacy of HSP65+I1-12/HVJ and BCG using prime-boost method against TB challenged cynomologus monkeys.

I Group of animals were vaccinated three times (every three weeks) with (1°) BCG Tokyo, (2°) HSP65 +IL-12/HVJ, (3°) HSP65+IL-12/HV) = G1(8) BCG prime-
HVJ/DNA boost group; {19 HSPE5-HL-12/HV), (2°) HSP65 +IL-12/HV), (3%) BCG = G2(L1) HV)/DNA prime-BCG boost group; (1%) HSPES+L-12/HV], (29) HSP65

; +IL-12/HVJ, (3°) HSP65-+IL-12/HVS = G3(8); (1) BCG, (2°) saline, (3°) saline = GA() G4 group animals were vaccinated with BCG once.; (1°) saline, (2°)

| saline, (3°) saline = G5(E3). (&) PBL from vaccinated monkeys on 56 d or 112 d after 1 immunization, were cultured for three days. IFN-y.activity on 56 d

and IL-2 activity (B) on1 112 days were assessed by ELISA.
S——. RSO S : — -
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The CTLs other than CD8* cells might be even more impor-

tant in humans. It has been reported that there are additional
effector modalities, such as granulysin, that are able w kill M.
tuberculosis}* Lymphocyte subsets that recognize antigens pre-
sented by molecules other than MHC class 1 were also reported
to be involved in the immunity against TB. In addition to MHC
class 1 molecule, these lymphocytes are able to utilize HLA-E or
groupl CDI1 molecules (CD1a, CD1b, etc.) for the recognition
of antigens. &3

The precise function of 15K granulysin has not yet been
elucidated.” We found that 15K granulysin was secreted from
CD8 positive CTL and entered into human macrophages fol-
lowed by the killing of M. tuberculosis in the cytoplasm.' The
expression levels of 15K granulysin protein and mRNA in CD8§
positive T cells of the patients with drug sensitive TB were lower
than that of the healthy volunteers. Among the TB patients,
the expression level of 15K granulysin protein in CD8 positive
T cells of the patients with multi-drug resistant tuberculosis
(MDR-TB) was significantly lower than that in the patients wich
drug-sensitive TB. The expressions of 15K granulysin after the
stimulation with PHA-P, ConA, alloantigens or PPD antigens
were significantly suppressed in the supernatants of PBL from
MDR-TB patienes.™ We have currently established 15K gra-
nulysin transgenic mice and 9K granulysin transgenic mice.!! It
was demonstrated that 15K granulysin transgenic mice as well
as 9K granulysin transgenic mice were resistant to TB infection.
The number of TB (C.F.U. in tissues) was decreased in those
transgenic mice. As to the induction of anti-TB immunity, dif-
ferentiation and proliferation of TB-specific CTTL was augmented
in those transgenic mice. In addition, enhanced production of
cytokines was observed.

In the present study, we demonstrated that 15K granulysin
has function as a CTL differentiation factor. Granulysin (15K)
augmented the differentiation of CTL from precursor CTL
into effecter CTL. It has been reported that 15K granulysin is
produced from effector CTL. Thus, it is suggested that the pro-
duction of 15K granulysin is regulated by positive feedback loop
system. Latge amount of granulysin might enhance the induc-
ton of CTL resukting in the increase of the therapeutic efficacy.
Recently, it was reported that 15K granulysin activated antigen-
presenting cells (APC, dendritic cells or macrophages) and aug-
mented the production of several cytokines.'™” Therefore, 15K
granulysin is able to activate the immune system effectively, since
the target cell of it is both APC and CTL.

Vaccination with BCG prime-HSP65 + IL-12/HV] boost
showed better protective efficacy than BCG alone on the
basis of the ESR, chest X-ray findings and immune responses.
Importantly, treatment with HSPG65 + IL-12/H V] resulted in an
increased sutvival for over a year?

Significandy higher levels of cytokine production from PBL
(IFN-y and IL.-2) were observed in prime (BCG) - boost (FHSPG5
vaccine) group than those in BCG vaccine group. Prime-boost
method was reported in the study of MVAS8S5A vaccine, which is
amodified vaccine virus Ankara (MVA) strain expressing antigen
85A. In phase I clinical studies, this vaccine has induced high
immune responses in previously BCG-vaccinated individuals.®

www.landesbioscience.com
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Table 3. IL-2 production from PBL in the cynomolgus monkeys

(A) (monkeys) Responder cell H37Ra Ag IL-2 (u/ml)
vaccine-treated - ) 2+3
control ) 0+0
vaccine-treated +) 13+4
control +) 35
®  Somwod  Mspesumuaton v
ID of B . 4 Day53 Post-
monkeys Baseline challenge
PR 6847 D 0.0 21.1 Survival
PR 8018 8B 0.0 43.2 Survival
PR 5368 B 0.0 43.2 Survival
PR PbB2-4F 0.0 0.0 Death (after 41 d)
Prz7-51 AC 0.0 0.0 Death (after 55 d)

(A) Augmentation of IL-2 production from PBL by H37Ra stimulation in
the monkeys treated with HVJ-Envelope/HSP65 DNA + IL-12 DNA vac-
cine. (B) IL-2 production from PBL in the survived monkeys and the non-
survived monkeys. PBL from monkeys on day 53 after TB challenge were
stimulated with HSP65 protein for 3 d. 1D (PR PbB2-4F) monkey and {D
(Pr27-51 AC) were died after 41 d and 55 d, respectively.

Table 4. In vitro and in vivo CTL induction by 15K granulysin

15K Granulysin Co)/'ot::)::ii:ii:y

(A) In vitro (5day MLC)
- 8.0 * 1.0
+ 23.0 + 0.5

{B) In vivo CTL

spleen - 1.0 + 0.2
o+ 10 % 03
LN - 7.2 + 2.5
+ 22.5 * 2.8
PEC - 0.5 + 20
+ 28.5 + 1.0

(A) In vitro induction of human cytotoxic T cell by the stimulation with
recombinant 15K granulysin protein. T cells from human PBL were ob-
tained by nylon-wool column method. An amount of 1 x 10° T cells were
cultured with CESS,,, cells (Mitomycic C treated CESS tumor cells) in
the presence of 15K granulysin for five days. CTL activity of effector cells
was assayed using *'Cr-labbelled CESS cells. Results are expressed as %
Specific cytotoxicity + S.D. (B) In vivo induction of CTL by 15K granuly-
sin. C57BL/6 were injected i.p. with 1 x 107 syngeneic FBL-3 tumor cells
and then treated with recombinant 15K granulysin i.p. (5 j.g/mouse) six
times. Twenty-one days after FBL-3 inoculation, mice were sacrificed,
and spleen cells, lymph node (LN) cells and peritoneal exudates cells
(PEC) were used as effector cells for CTL. Cytotoxic activity against FBL-3
cells were assessed using *'Cr release method.

Boosting of BCG vaccination with MVA85A reduced the
expression of immunoregulatory cytokine TGF-." Aeras-402
DNA (DNA that expressed 85A, 85B and TB10.4) vaccine is a

recombinant adenovirus vector-based vaccine and expected as
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Differertiation of Cytotoodc T celis
by 15K granuysin

“12 IL-6
Precursor . Effector
CTL 15K Granulysin CcTL

(granulysin positive feedback loop)

Figure 5. Differentiation of CTL by 15K granulysin and positive feedback
loop of 15K granulysin in CTL induction. Precursor CTL are activated

by IL-2 in the early stage of CTL induction of five day MLC. On the other
hand, IL-6 acts, as a cytotoxic T cell differentiation factor, on the late
stage of CTL induction as shown by Okada, et al. (J.I. 1988). 15K granu-
lysin is produced from effector CTL, and induced the differentiation

of CTL as a CTL differentiation factor. (Positive feedback loop by 15K
granulysin).

(%) 50

% specifoc cytotoxicity
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Figure 6. Induction of CTL differentiation by killer-specific secretory
protein of 37Kd {(Ksp37). Splenic T cell from C57BL/6 mice (H-2") were
obtained as described in (PNAS Okada et al. 1981), and cultured with uv-
treated BALB/c {H-29) spleen cells (Mitomycin C treated) in the presence
of 100ng/ml rKsp37 and/or an anti-Ksp37 antibody for 5 d. CTL activity
against P815 tumor cells (H-2¢) was assessed by using ¥Cr assay.

a boosting vaccine for BCG-primed individuals.® Several other
vaccines usc a prime-boost strategy to enhance the immune
responses.” Recently, Rahman et al. established a plasmid-based
vaccine (rBCG/rAd35 vaccine) which enhanced the activation of
MHC class I-restricted CD8* eytotoxic T cell. It is a recombi-
nant BCG (:BCG) expressing a pore-forming toxin and TB anti-
gens (Az85A, 85B and TB10.4). A non-replicating adenovirus35
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encoding the same TB antigens (rAd35) is used as a boost vac-
cine. The prime-boost method using tBCG and rAd35 vaccines
were evaluated in nonhuman primate model.® Similar to our
BCG prime- HSP65 + IL-12 DNA boost method, the results
suggested that activation of CD8* effector CTL followed by the
production of granulysin at the local site were involved in the
protective effects of this vaccine (prime-boost). Thus, induction
of TB-specific CTL and the augmentation of the cytokine pro-
duction (IFN-v, [L-2) might be a crtical factor to obtain the
prophylactic efficacy. ‘

Furthermore, we established other vaccines (granulysin vac-
cine and Ksp37 vaccine) which induced the differentiation of
CTL against TB. The granulysin secreted from T cells and NK
cells has a therapeutic effect against TB.

On the other hand, Ksp37 is expressed selectively in the effec-
tor subser of CD8*T cells, CD16* NK cells and /8 T cells.??
Expression of Ksp37 mRNA was closely correlated with good
prognosis of ovarian cancer and gliomas.** However, immuno-
logical function(s) of Ksp37 is still unclear. Ksp37 showed anti-
TB effects by the induction of CTL in the present study. We
demonstrated chat Ksp37 vaccine also induced murine CTL both
in vitro and in vivo. Ksp37 vaccine augmented the production
of IL-2, IFN-y and IL-6 from murine T cells and spleen cells.
Synergistic effect on the in vitro CTL induction was observed
by the combination of Ksp37 and granulysin vaccines. We also
demonstrated the correlation between the activity of CTL induc-
tion/cytokine production and the efficacy of these vaccines in the
mouse and monkey models. )

In conclusion, our data might provide novel strategy to obtain
strong protective and therapeutic efficacy. The important factors
ate the induction of CTL and production of several kinds of cyto-
kines. In addition, the combination of several kinds of vaccines
will enhance the efficacy of vaccines, which will be necessary for
the vaccine for the sevete TBs such as MDR-TB and XDR-TB.
Similar to the treatment of cancers or infectious diseases, the reg-
imen of combination therapy will provide useful rationale that is
necessary to develop more effective vaccines against TB.

Materials and Methods

Bacteria. M. tuberculosis strains H37Rv and M. bovis BCG
Tokyo, were kindly provided by Dr. I. Sugawara (JATA, Tokyo,
Japan). M. bovis BCG Tokyo was maintained in synthetic
Sauton’s medium (Wako Chemicals, Osaka, Japan).’

Animals. Inbred and specific pathogen-free female BALB/c
mice and DBA/1 mice were purchased from Japan SLC (Shizuoka,
Japan). Mice were maintained in isolator cages, manipulated in
laminar flow hoods, and used between 8 and 10 weceks of age as
described previously.!

Plasmid construction. The HSP65 genc was amplified {rom
M. tuberculosis1137Rv genomicDNA, and cloned into pcDNA3.1
(+) (Invitrogen, San Diego, CA) to generate pcDNA-hsp65 (des-
ignated as HSP65 DNA) as described previously! The HSPG5
gene was fused with mouse Igk sectetion signal sequence, and
pcDNA-Ighsp65 was generated. For construction of the mouse
1112 (mIL-12) p40 and p35 single-chain genes, mIL12p35 and
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mIL12p40 genes were cloned from pcDNA-p40p35, fused and
cloned into pcDNA3.1 (+) to generate pcDNA-mIL12p40p35-F
(designated as mIL-12 DNA).

HV]J-E vaccination. HV]-E was prepared as described previ-
ously.! The HVJ-E complex was aliquoted and stored at -70°C
until use. DNA vaccines encoding M. tuberculosic ISP65 and
I1.-12 were encapsulated into HV]-Envelope or HV]-liposomes.**
HV]-liposomes and HV]-Envelope were prepared as described
previously.”* Groups of BALB/c mice were vaccinated 3 rimes
at 3-week intervals with 100 pL of HV]J-E solution containing
50 g of pcDNA-IgHSP65 and 50 pg of mIL12 DNA.

Challenge infection of vaccinated animals and bacterial
load determination. Mice were challenged by the intravenous
route with 5 x 10° CFU of M. tuberculosis H37Rv 4 weeks after
the third vaccination as described previously.'

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. The animals were vaccinated
three times with the HVJ-envelope with expression plasmid of
both HSP65 and human IL-12 (HSP65 + hIL-12/HV]: 400
wg i.m.), and then challenged with the M. suberculosis Erdman
strain (5 x 10%) by intratracheal instillation. Survival, immune
responses (proliferation of PBL and cytwkines production), body
weight, ESR, PPD skin test and chest X-p findings were examined
as described in our previous studies.>**” All animal experiments
were approved by the Leonard Wood Memortial Animal Care and
Use Committee and the National Hospital Organization Kinki-
chuo Chest Medical Center Animal Cate and Use Commirtee.

Methods for the evaluation of the therapeutic efficacy of the
vaccine on the M. tuberculosis-infected monkeys. Cynomolgus
monkeys were vaccinated nine times with the HV]-envelope with
expression plasmid of both HSPG5 and human IL-12 (HSP65 +
hIL-12/HV]: 400 pgi.m.), one week after the challenge with the
M. tuberculosis Erdman strain (5 x 10%) by intratracheal instilla-
tion. Immune responses and survival were examined as described
in out previous studies.”®’

Reagents and antibodies. Fetal calf serum (FCS: lot
AGC6341) was obtained from Hyclone (Logan, UT). Anti-
L.3T4, anti-Lyt2.2 monoclonal antibodies and anti-Thyl.2 anti-
body were provided.*?

Cell lines. A mouse mastocytoma cell line (P815: DBA/2 ori-
gin) was kindly provided by Dr. C. S. Henney (Fred Hatchinson
Cancer Res. Center, Seattle).! The P815 cells were maintained
in RPMI 1640 medium (Flow Laboratories, Inc. Mclean, VA)
supplemented with 10% FCS, penicillin (100 U/ml), strepromy-
cin (100 pg/ml) and 5 x 10° M 2-mercaptoethanol.

Tuberculosis—specific cytotoxic test using “Cr release.
Eight weeks after the final vaccination, CTL activity of spleen
cells and mesenteric lymph node cells from vaccinated mice was
assessed by using the *'Cr-release assay. P815 mastocytoma cells,
which have the same major histocompatibility complex (MHC)
(I-29) as BALB/c mice, were transfected with pcDNA-hsp65
and used as HSPGS protein-expressing target cells. A total of 2
x 10° cells/ml effector splenic cells were treated with anti-CD8
antibody, anii-CID4 antibody or anti-Thyl.2 antibody followed
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Figure 7. Augmentation of cytokines (IL-2, IFN-y and IL-6) production
by Ksp37 was also observed. (A) Augmentation of IL-2 production from

T cells or spleen cells by Ksp37. An amount of 5 x 10° splenic T cells

or spleen cells from C57BL/6 mice were cultured with 5 x 10° BALB/c
spleen cells (Mitomycin-C treated) in the presence of rKsp37 for two
days. IL-2, IFN-y and IL-6 activities in the supernatants were assessed by
ELISA. (B) Augmentation of IFN-y production from spleen cells by Ksp37.
{C} Augmentation of iL-6 production irom spleen cells by Ksp37.
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Figure 9. Synergistic efficacy of Ksp37 and granulysin on the in vitro
CTL induction. Splenic T cells were cultured with uv-treated BALB/c
spleen cells (Mytomycin C treated) in the presence or absence of 100ng/
ml Ksp37 protein and 500ng/ml 15K granulysin protein for 5 d. Five days
after culture, CTL activity against P815 tumor cells was assessed by us-
ing ¥'Cr release assay.

Figure 8. Augmentation of CTL differentiation in vivo by the treatment
with Ksp37 DNA was demonstrated. C57BL/six mice were challenged
with killed H37Ra antigen (1,000 pg/mouse) in vivo (i.p.) and then
treated with Ksp37 DNA (100 pg/mouse, six times) i.m. Twenty-one days
after challenge of killed TB antigen, and PEC (peritoneal exudate cells)
from these mice were harvested. CTL activity againt TB antigen (HSP65
antigen) was assessed by using *'Cr EL-4 which had been transfected
with HSP65 DNA.

by complement.! *'Cr relecase was assessed using the >'Crrelease
assay'**# at the Effector:Target (E:T) ratio of 50:1. Spontaneous
lysis (with medium alone) and maximum lysis (*Cr release after
three cycles of freeze-thaw) were set up for background and tar-
gets. Percent specific lysis was determiined as: [(experimental
release — spontaneous release)/(maximum release — spontaneous
release)] x 100,303

Production of cytokines (IL-2 and IFN-v). Mouse cytokines
were measured in quantitative ELISAs for I1.-2 and IFN-y as
described previously.?

ELISPOT assay. The spleens were removed aseptically
from vaccinated mice 3 weeks after the third vaccination.
Antigen-specific IFN-y-producing cells were determined by
enzyme-linked immunosotbent spot (ELISPOT) as described
previously.?

Statistical analysis. Tukey-Kramer’s HSD tests were used
to compare log  value of CFU between groups following chal-
lenge and T cell responses between groups in ELISPOT assay.
Student’s t-tests were performed to compare T cell responses
between groups in T cell proliferation assay and granuloma for-
mation between groups following challenge. A P-value of < 0.05
was considered significani.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

This study was supported by a Health and Labour Science
Research Grant from MHIW (H17-shinko-5, H20-Shinko-14,
FH23-Shinko-2), grants from Osaka Tuberculosis research foun-
dation and Grant-in-Aid for Scientific Research (B) from the
Ministry of Education, Cultute, Sports, Science and Technology
Japan.

References 3. Boom WH. New TB vaccines: is there a requitement 6. Okada M, Kira Y. Tuberculosis vaccine development:
for CD8 T cells? J Clin Invest 2007; 117:2092- The development of novel (preclinical) DNA vac-
1. Yoshida §, Tanaka T, Kita Y, Kuwayama S, Kanamaru 4 PMID:17671648;  hup://dx.doiorg/10.1172/ cine. Hum Vacein 2010; 6:297-308; PMID: 20372079
N, Muraki Y, er al. DNA vaccine using hemag- JCI32933. heeps/Idx.doiong/10.4161/hv.6.4.10172.
glutinating virus of Japan-liposome encapsuluing 4 van Pineren LA, Cassidy JP Smedegaard 7. Walsh GP Tan EV, dela Cruz EC, Abalos RM,
combination encoding ‘“)'C‘)h*‘fF('ri“l hear shock pro- BH, Agger EM, Andersen B Control of laren: Villahermosa LG, Young 1J, ew al. The Philippine
tein 65 and imerlenkin-12 confers protection against Mycobacterium  tuberculosis infection is  depen- cynomolgus monkey (Macaca fasicularis) provides a
Mycobacterium tubereilosis by T cell activation. Vaceine dent on CD8 T cells. Bur ] Immunsol 20005 new nonhuman primare model of wberculosis thac
2006; 24:1191-204; PMID:16216394; hup://dx.doi. 30:3689-98;  PMID:11169412;  heps//dx.doi. resembles human discase. Nat Med 1996; 2:430-6;
0rg/10.10106/j.vaccine. 2005.08. 103. 0rg/10.1002/1521-4141(200012)30:12<3689::A1D- PMID:8597953; hup://dx.doLorg/10.1038/0m0496-
2. Okada M, Kia Y, Nakajima T, Kanamaru N, IMMU3689>3.0.C0:2-4. 430,
Hashimoto S, Nagasawa T, er al. Novel prophylactic 5 Okada M, Ki Y Nakajima T, Kanamaru N, 8. Kia Y, Tanaka T, Yoshida S, Ohara N, Kaneda Y,
vaceme using a prime-boost niethod and 1\<:ma,gglfll’i- Hashimoto 8, Nagasawa T, er al. Evaluation of a Kuwayama S, et al. Novel recombinant BCG and
naring virus "““P*m‘f““"ek’P‘f“S"dm‘"lb_‘""é“l"s;s'("]i“ rovel vaceine (FIV]-liposome/HSPOS DNA+IL-12 DNA-vaccination against wberculosis in ﬁ.c:yno-
Dev Immanol 20115 2011:549281; TMID:21437226; IDNA) against tuberculosis using the cynomolgus molgus monkey model. Vaccine 2005; 23:2132-5;
.hrrp://dx‘dohm’g/1().115’5/201‘/54928'1. monkey model of TB. Vaccine 2007; 25:2990-3; PMID:15755583;  hups/!dxidoi.org/ 10.1016/).vac-
PMIDAI7280753;  hupi//dr.doi.org/10.1016/).vac- ¢ine.2005.01.057.
cine. 2007.01.014.
524 Human Vaccines & Immunotherapeutics Volume 9 Issue 3

145



10.

11

14.

16.

17.

18.

Okada M, Kira Y, Nakajima T. Kanamara N,
Hashimoro §, Nagasawa T, et al. Novel prophylactic
and therapeutic vaccine against wberenlosis. Vaccine
2009 27:3267-70; PMID:19200841; heepe//dx.dot.
org/10.1016/j.vaccine. 2009.01.064.

Olkada M, Kira Y, Nakajima T, Kanamara N, Hashimoro
S, Nagasawa T, er al. Novel therapeuric vaccine: granu-
lysin and new DNA vaccine against Tuberculosis. Hum
Vacdin 20115 7(Sappl):60-7; PMID:21546794; hup//
dx.dol.ong/ 10.4161/hv.7.0.14563.

Kita Y, Okada M, Nakajima T, Kanamara N,
Hashimoto S, Nagasawa T, et al. Development of thera-
peuric and prophylactic vaccine against Tuberculosis
using monkey and transgenic mice models. Hum
Vacein 20115 7(Suppl:108-14; PMID:21263229;
heep/fdx.dot.org/10.4161/hv.7.0.14571.

Stegelmann B Bastian M, Swoboda K, Bhat R, Kiessler
V, Krensky AM, er al. Coordinate expression of
CC chemokine ligand 5, granulysin, and perforin
in CD8+ T cells provides a host defense mechanism
against Mycobacresium tuberculosis. ] Immunol 2005;
175:7474-83; PMID:163010655.

Woodworth ]S, Behar SM. Mycobacterium tuberculo-
sis-specific CDB+ T cells and their role in immuniry.
Crit RevImmunol 2006; 26:317-52; PMIID:17073557;
heepa/fdx.doi.org/10.1615/CritRevimmunol.v26.14.30.
Lewinsohn DM, Zhu 1, Madison V], Dillon DC, Fling
SE, Reed. 8G, er al. Classically restricted human CD8+
T lymphocytes derived. from Mycobacterium tubercu-
losis-infected cells: definition of antigenic specificity. J
Immuanol 200 1; 166:439-46; PMID: 11123322,
Stenger §, Hanson DA, Teitelbaum R, Dewan B
Niazi KR, Froelich CJ, et al. An antimicrobial activity
of eyrolytic T cells mediaed by granulysin. Science
1998; 282:121-5; PMID:9756476; hupi//dx.dol.
org/10.1126/science. 282.5386.121.

Castiello L, Srroncek DF, Finn MW, Wang E,
Marincola FM, Clayberger C, et al. 15 kDa Granulysin
versus GM-CSF for monocytes differentiation: analo-
gies and differences ar the transcriprome level. ] Transl
Med 2011; 9:41; PMID:21501511; hupy//dx.doi.
org/10.1186/1479-5876-9-41.

Clayberger C, Fian MW, Wang T, Saini R, Wilson
C, Barr VA, er al. 15 kDa granulysin causes dif-
ferentiarion of monocytes o dendritic cells but lacks
cytotoxic activity. J lmmunol 2012; 188:6119-26;
PMID:22586033; hup//dx.deiorg/ 10.4049/jimmu-
1nol.1200570.

McShane H, Pathan AA, Sander CR, Keating SM,
Gilbert SC, Huygen K, et al. Recombinant modified
vacginia virus Ankara expressing antigen 85A boosts
BCG-primed and naturally acquired antdmycobacte-
rial immunity in humans, Nav Med 2004; 10:1240-4;
PMID:15502839; hup://dx.dolorg/10.1038/nm1128.

www.landesbioscience.com

9.

21.

Flercher HA, Pathan AA, Berthoud TK., Dunachie 8J,
Whelan KT, Alder NC, et al. Boosring BCG vaccina-
tion with MVABSA down-regulates the immunoregula-
tory cytokine TGF-betal. Vaccine 2008; 26:5269-75;

PMID:18682270;
<ine.2008.07.040.
Kaufmann SH, Hussey G, Lamberr PH. New vac-
cines for tuberculosis. lancer 2010; 375:2110-9;
PMID:20488515; hrip://dx.doi.org/10.1016/50140-
6736(10160393-5.

Rahman S, Magalhaes I, Rahman J, Ahmed RK,
Sizemore DR, Scanga CA, er al. Prime-boost vaccina-
tion with rBCG/rAd35 enhances CD8* cyrolytic T-cell
responses in lesions from Mycobacrerium  tubercu-
losis-infected. primates. Mol Med 2012; 18:647-58;
PMID:22396020;  hrep://dx.doi.org/ 10.2119/mol-
med.2011.00222.

Ogawa K, Tanaka K, Ishii A, Nakamura Y, Kondo S,
Sugamura K, et al. A novel serum protein that is selec-
tvely produced by cytotoxic lymphocyres. J Immunol
2001; 166:6404-12; PMID:11342666.

Elgaaen BV, Haug KB, Wang J, Olstad OK, Fortunati
D, Onssud M, er al. POLD2 and KSP37 (BGFBP2)
correlare stongly with histology, stage and outcome
in ovarian carcinomas. PLoS One 2010; 5:13837;
PMID:21079801; hrtp://dx.dol.org/ 10.137 Vjournal.
pone.0013837.

Sacki Y, Marsumoro N, Nakano Y, Mo M, Awai K,
Kaneda Y. Development and characterizarion of car-
ionic liposomes conjugated with HV) (Sendai virus):
reciprocal effect of cationic lipid for in vitro and in
vivo gene transfer. Hum Gene Ther 1997; 8:2133-
41;  PMID:94142615  hrep://dx.doi.org/10.1089/
hum.1997.8.17-2133.

Kaneda Y, Nakajima T, Nishikawa T, Yamamoro S,
Tkegami H, Suzuki N, et al. Hemagglurinating virus of
Japan (HV)) envelope vector as a versatile gene delivery
syster. Mol Ther 20025 6:219-26; PMID:12161188;
hup://dx.doi.org/ 10.1006/mthe.2002.0647.

Kaneda Y. New vector innovation for drug delivery:
development of fusigenic non-viral particles. Cur
Drug Targers 2003; 4:599-602; PMID:14577648;
huep://dx.doi.org/ 10.2174/1389450033490740.
Kaneda Y, Yamamoto S, Nakajima T. Development of
HV] envelope vecror and its application o gene ther-
apy. Adv Gener 2005; 53:307-32; PMID:16240999;
huep://dx.doi.org/ 10.1016/80065-2660(05)53012-8.

hup://dx.doi.org/10.1016/j.vac-

Human Vaccines & Immunotherapeutics

146

28.

30.

33.

34,

Tio M, Yamamoto §, Nimura K., Hiraoka K, Tamai K,
Kaneda Y. Rad51 siRNA delivered by HVJ envelope
vector enhances the anti-cancer effect of cisplarin. )
Gene Med 2005; 7:1044-52; PMID: 157567 13: hup://
dx.dolorg/10.1002/jgm.753.

Mima H, Yamamoto $, Iro M, Tomoshige R, Tabara
Y, Tamai K, et al. Targeted chemotherapy against
intperitoneally disseminared colon carcinoma using
a caionized. gelain-conjugued HVJ envelope vecior.
Mol Caacer Ther 20006; 5:1021-8; PMID: 1664857 4;
hrrp://dx.doiorg/10.1158/1535-7163. MCT-05-0352,
Okada M, Yoshimura N, Kaieda T, Yamamura Y,
Kishimoto T. Eswblishment and characrerization of
human T hybrid cells secreting immunoregulatory
molecules. Proc Nad Acad Sci U § A 1981; 78:7717-
21;  PMID:6801660;  herp://dx.doi.org/10.1073/
pnas.78.12.7717.

Tanaka F, Abe M, Akiyoshi T, Nomura T, Sugimachi
K, Kishimoto T, et al. The anti-human wmor effect
and generation of human cytoroxic T cells in SCID
mice given human peripheral blood lymphocyres by
the in vivo rransfer of the Interleukin-6 gene using
adenovirus vecror. Cancer Res 1997; 57:1335-43;
PMID:9102222.

Okada M, Sakaguchi N, Yoshimura N, Hara H,
Shimizu K, Yoshida N, et al. B cell growth factors and
B cell differendarion factor from human T hybrid-
omas. Two distinct kinds of B cell growth facror and
their synergism in B cell proliferation. J Exp Med
1983; 157:583-90; PMID:6600487; heep://dx.doi.
org/10.1084/jem.157.2.583.

Okada M, Klimpel GR, Kuppers RC, Henney CS.
The differentiation of cytotoxic T cells in viwo. 1.
Amplifying facror(s) in the primary response is Lyt
1 + cell dependent. J Immunol 1979; 122:2527-33:
PMID:156228.

Okada M, Sakaguchi N, Yoshimura N, Hara H,
Shimizu K, Yoshida N, er al. B cell growth factors and
B cell differentiation factor from human I hybrid-

" omas. Two distiner kinds of B cell growth factor and

their synergism in B cell proliferation. ] Exp Med
19835 157:583-90; PMID:6G600487: hup//dx.doi.
org/10.1084/jem.157.2.583.

525



peutics 9.3, 526-533; March 2013;

2013 Landes Bioscence

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

Purpose: Multi-drug resistant tuberculosis (MDR-TB) and extremely drug resistant (XDR) TB are big problems in the world.
We have developed novel TB therapeutic vaccines, HVJ-Envelope/HSP65 + 1L-12 DNA vaccine (HSP65-vaccine), granulysin
vaccine and killer specific secretory protein of 37kDa (Ksp37) vaccine,

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

Both transgenic mice were resistant to TB infection.

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

Introduction

Tuberculosis is a major global threat to human health, with about
2 million people dying every year from Mycobacterium tuber-
culosis {TB) infection. The only tuberculosis vaccine currently
available is an attenuated strain of Mycobacterium bovis BCG
(BCG), although its efficacy against adult TB discase remains
controvetsial.  Furthermore, multi-drug resiscant tuberculosis
(MDR-TB) and extremely drug resistant TB (XDR-TB) are
becoming big problems in the world. About 500,000 of people
around the world are affected by MDR-TB every year. However,
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there are a small number of effective drugs against MDR-TB.
In such circumstances, the development of therapeutic as well as
prophylactic vaccines against TB is required.

Cynomolgus monkey model is the best animal TB model o
evaluate the potental of newly developed vaccines as reported
by Walsh and Tan.! Onset and progress after TB infection in
the cynomolgus monkey is very similar to human TB disease.'?
SCID-PBL/hu is an IL-2 recepror +y-chain disrupted mouse

(NOD-SCID) transplanted with human PBL. It is an in vivo

humanized immune model and provides an useful twol for
investigating human immune responses to the adminiscrarion
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Table 1. Therapeutic effiézicy of HVJ-Envelope/HSP65 DNA + IL-12 DNA
vaccine on TB infection in murine models

1. HV}-Envelope/HSP65 DNA + IL-12 DNA vaccine showed therapeu-
tic efficacy against MDR-TB as well as drug-sensitive TB in mice.

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

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

Therapeutic efficacy of HVJ-Envelope/HSP65 DNA + IL-12 DNA vaccine
was evaluated by using mouse models. Therapeutic efficacies of this
vaccine on the MDR-TB infection and XDR-TB infection were observed.

of vaccines.”” Transgenic mice that express the components of
vaccine also provide a lot of information about novel TB vac-
cines. Therefore, we used three animal models (cynomolgus
monkey model of TB, SCID-PBL/hu mice and transgenic mice)
to develop three kinds of novel vaccines against TB.

We have pteviously evaluated a novel therapeutic TB vaccine
which consists of plasmid DNA encoding HSP65 + I1-12 and
HV]J-Envelope (HSP65-vaccine) and revealed the efficacy of the
vaccine in these animal models.*? However, it is very important
to treat the patients with TB completely within a short period
of time. Thetefore, we improved the regimen of the vaccination.
We first examined a combination therapy of vaccination and che-
motherapy. In the present study, we used a FISP65-vaccine for
the vaccination and firse line TB drugs (INH or REP) for the
chemotherapy. We next identified a suitable administration rouce
to increase the efficacy of the DNA vaccine. The result suggested
that intradermal vaccination is more suitable for the DNA vac-
cine than intramuscular or subcutaneous vaccination.

Finally, we developed plasmid-based DNA vaccines encoding
the granulysin or Ksp37. Granulysin is a member of the saposin-
like protein family and colocalizes with perforin and granzymes
in the cytolytic granules of human CTL and NK cells. In the
presence of perforin, it has a cytolytic activity against intracel-
lular pathogens in the cytoplasm of infected cells. It also has a
cytotoxic effect on tumor cells.’** Granulysin is present in cyto-
plasm of human CD8 positive cytotoxic T cells and NK cells. It
has been suggested that granulysin has a cytolytic activity against
M. tuberculosis outside macrophages and reduces the number of
M. tubetculosis in the macrophage dependent on the presence
of perforin in vitro.'! However, the precise role of granulysin in
vivo has not been elucidated yet. Therefore, we have established
granulysin transgenic mice to elucidate in vivo role of granulysin
and obtain the information to develop novel vaccines against M.
tuberculosis. Transgenic mice of 15K and 9K granulysins were
resistant o TB infection in vivo. This is the first report indi-
cating an in vivo role of granulysin in the defense against the
infection of TB. In addition, we demonstrated the efficacy of
granulysin-yaccine in the monkey model of TB.

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

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

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

These findings demonstrated that granulysin-vaccine and
Ksp37-vaccine might provide very useful weapon as TB vaccines,
and those efficacy will be enhanced in combination with other
DNA vaceine (including HSPG5 vaccine) and INH.

Results

Novel therapeutic vaccine of HV]-Envelope/HSP65 DNA +
IL-12 DNA vaccine. Therapeutic effect of the vaccine in murine
models of TB. Therapeutic efficacy of HSPG5 DNA + 1L-12 DNA
vaccine (FHSP65-vaccine) was evaluated in murine models. At 30
d after intravenous challenge of MDR-TB, the CFUs of TB in
the lungs, spleen, and liver were counted and therapeutic efficacy
of HV]-Envelope DNA vaccine was evaluated.

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

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

Synergistic cffect of FIV]-Envelop/ HSPGS DNA + IL-12 DNA vac-

cine in combination with INH against TB infection. To enhance the
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Figure 1. Synergistic therapeutic efficacy of HVJ-Envelope/HSP65 DNA
+1L-12 DNA vaccine and INH on TB infection of mice. BALB/c mice were
infected with H37Rv TB by using intratracheal aerosol challenge using
aerosol chamber. One week after challenge of TB, the vaccine and INH
(0.03mg/mouse) were administered 6 times for 3 weeks. Five weeks af-
ter TB challenge, mice were sacrified, and CFU of TB in the spleen were
evaluated. G1vs. G2; p < 0.05; G1 vs. G3; p < 0.05; G3 vs.G5; p < 0.05; G2
vs. G5 p < 0.05; Student's test.
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Figure 2. Synergistic therapeutic efficacy of HVJ-Envelope/HSP65 DNA
+IL-12 DNA vaccine and INH on TB infection of mice. BALB/c mice were
infected with H37Rv TB by using intratracheal aerosol challenge using
aerosol chamber. One week after challenge of TB, the vaccine and INH
{0.03mg/mouse) were administered 6 times for 3 weeks. Five weeks
after TB challenge, mice were sacrified, and CFU of TB in the liver were

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

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

We also compared the administration route of the vaccine
to tmprove the tegimen of the rhcrapy We selected Three routes
{intradermal, intramuscular and subcutanecus injections) for our
experiment, The efficacy of imradermal adminiswration (i, d.) was
highest among three administration routes {Fig. 3).
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Therefore, in the monkey model we plan to study the cffi-
cacy of intradermal injection of this vaccine, in comparison to
i.m administration.

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

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

The efficacy of HSPG5+ I1-12 DNA vaccine was examined
io this IL-2 receptor y-chain gene disrupted SCID-PBL/hu-
model and significant decrease of the number of TB in the liver
was observed as shown in Table 2A. This model shows stron-
ger human CTL induction and proliferation than conventional
SCID mouse-based model (CB17-SCID-PBL-hu) (Table 2B).

Therapeutic efficacy of this vaccine on monkey model. We are
developing a GMP level of DNA vaccine that contins two
expression units in one plasmid vector for future clinical trial.
In this study, we used a GMP level of DNA vaccine for the
evaluation of the potency in the monkey model of TB. Monkeys
were intratracheally instillated with 5 x 10* CFU of human TB
(Erdman strain). After TB infection, 9 times intramuscular
injection of this vaccine (total 400 pg/monkey) was conducted.
Therapeutic efficacy was evaluated on the basis of survival, ESR,
body weight, immune responses, chest X-ray and PPD skin test.
The monkey group treated with HV]-Envelope/HSP65 DNA +
[1.-12 DNA vaccine showed 100% survival {data not shown). In
contrast, the monkey group of control saline showed 60% sur-
vival. Thus, the therapeutic DNA vaccine improved the survival
rate of TB-infected monkeys, compared with the saline (control).

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

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

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

(2) It has been reported that the granulysin has the function
of in virro cytotoxic activity against M. tuberculosis outside the
macrophage cells, and contributes the in vitro reduction of M.
tuberculosis in the macrophage in the presence of perforin.

(3) However, the precise tole of granulysin in the in vivo
against the ruberculosis infection has not been elucidared yet.
Therefore, we have established granulysin transgenic mice to elu-
cidate mechanism of granulysin in vivo. We have established two
kinds of transgenic mice by using usual ricroinjection method:
15K granulysin transgenic mice and 9K granulysin transgenic
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109,10 (CFU) mice. We measured CFU number of M. suberculosis in the lung

. } four weeks after intravenous injection of TB (5 x 10° /mouse). As
55 4 \ ‘ ' shown in Table 3, reduction of CFU number was obsetved in 15K
f l BoLid granulysin transgenic mice compared with the normal C57BL/6G
5 - 1 mice, indicating the in vivo anti-TB effect of 15K granulysin.
] e As summarized in Figure 4, augmentation of immune responses
45 - S 5 C62im were also observed in 15K granulysin transgenic mice: in vivo
S induction of cytotoxic T cells against TB, enhanced proliferation
: % of T cells stimulated with TB antigen and augmentation of cyro-
S kine production. Furthermore, we examined synergistic effects
s BG3: s.c of the combination of two vaccines. As shown in Figure 5, the
SRR combination of HSP65-vaccine and granulysin-vaccine showed
R —d | synergistic effects and 10 timies reduction of the CFU number in
spl log colony + P<0.0S ' the liver of TB-infected mice was observed. The number of TB
Tukey-Kramer's test in the liver was significantly reduced by the combination of two
vaccines.
Figure 3. Therapeutic efficacy of intradermal (i.d.) vaccination of Efficacy of, g'f‘tlﬂuly!l{l-?/ﬂt‘fll'.lé‘ 7 montkey mode/y: We cxamxyned
HVJ-Envelope/HSP65 DNA + IL-12 DNA, compared with intramuscular the efficacy of granulysin-vaccine in the therapeutic model of TB.
(i.m.) or subcutaneous (s.c.) vaccination using intratracheally aerosol The survival rate of granulysin-vaccine (HV]-Envelope/15K gra-

infected DBA/1 mice. DBA/1 mice were infected with H37Rv TB by using nulysin DNA vaccine)-treated group was 25% (1 /4)at 1 y after
intratracheal aerosol challenge using aerosol chamber. One week after TB infection (Fig. 6). In contrast, all monkeys in saline group

- HSP65 DNA + IL-12 DNA wer: . e .
;z:ls‘?sg;:?g ;i]n‘i:su?o?;}—\:\\//:eirs‘f;?zei/m or 5. administration V;Zj were died within 200 d after TB challenge. Thus, survival rate at

weeks after TB challenge, mice were sacrified, and CFUs of TB in the one year aft?r TB infection was 0% (0/4). ]
spleen were evaluated. G1 vs. G2; p < 0.05; G1 vs. G3; p < 0.05; Student’s The proliferation of PBL from the monkeys treated with gra-
test. nulysin-vaccine was augmented compared with that of control

(saline treated) monkeys (Fig. 7). These results indicated the effi-
cacy of granulysin-vaccine in therapeutic models using monkey.

Effect of granulysin on Tuberculosis and TB-infected mouse Thus, granulysin-vaccine is effective in the monkey as well as the
Anti- TB  Inductionof  Proliferaion Cytokine mouse model f)f TB. FEp
i 1T 5K gram_nysin e»} effect  Cytotoxic of Teells  Production Efficacy of Ksp37-vaccine in therapeutic models. Ksp37 pro-
T: . i . N
{ Transgenic mouse | TagainstTB 293INStTB  (yIFN) tein is produced from CTL, Typel helper T cell, v/8 T cell and
LA NK cell. Ksp37 is composed of 223 amino acids. We analyzed

4+ 4 +4 +4 the concentration of Ksp37 in the serum of patients with TB by
ELISA. The level of Ksp37 protein in the serum of patients with
TB (n = 31) was significantly lower than that of healthy volun-
teers (n = 60) (p < 0.05) (Fig. 8). This is first report suggesting

5000 o
15K GRN

K granulysin the relation between the serum level of Ksp37 and TB disease
Transgenic mouse (Fig. 8).
Therefore, we tried to clucidate the in vivo function of Ksp37
4+ + + ++ protein, especially function as an and-T'B agent in vivo.

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

Figure 4. The establishments of 15K granulysin transgenic mice and 9K
granulysin transgenic mice. The efficacies of 15K granulysin transgenic

mice and 9K granulysin transgenic mice on TB infection were sum- These finding suggested that Ksp37 produced from CTL and
marized in this Figure. An anti-TB effect, the induction of CTL against NK cell functions as an important anti- TB factor in humans
TB, the proliferation of T cells against TB and y-IFN production were and mice.

augmented in these transgenic mice, compared with wild type C578L/6

miee: Discussion

In the present study, we evaluated the potential of three kinds
of novel therapeutic vaccines (HSPG5-, granulysin- and Ksp37-
vaccines) in mouse and monkey models of TB. All of the vaccines
showed anti-TB effects in therapeutic models. It is noteworthy

uwn
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Figure 5. Therapeutic effect of granulysin DNA vaccine on TB-infected
{DBA/1) mice DBA/1 mice were infected with H37Rv TB using intratra-
cheal aerosol challenge. One week after challenge of T8, 100.g of HVJ-
Envelope/HSP65 DNA + 1L-12 DNA and/or 100 p.g of HVJ-Envelope/gran-
ulysin DNA were injected i.m. into mice 6 times for 3 weeks. Four weeks
after TB challenge, mice were sacrified, and CFUs of TB in the liver were
evaluated. G1 vs. G2; p < 0.05; G1 vs. G3; p < 0.05; Student's test.
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Figure 6. Therapeutic efficacy (survival) of HVJ-Envelope/15K granu-
lysin DNA vaccine, 365 d after TB infection using cynomolgus monkey
models. Five x 10? M. tuberculosis (Erdman strain) were intratracheally
into cynomolgus monkeys as described in Materials and Methods. Four
weeks after challenge of TB, 400u.g of HVJ-Envelope/15K granulysin
were injected .m. Six times every two weeks. Survival of monkeys
treated with this vaccine were evaluated for 1y (365 d).

that efficacy of novel therapeutic vaccines were demonstrated
in monkey models as well as murine models. Thus, this is the
leading report of new vaccine against TB. According to our
knowledge, only a few therapeutic vaccines against TB have been
reported."® HSPG5-vaccine as well as 15K granulysin-vaccine
delivered by HV]J-Envelope vector prolonged the survival and
augmented the immune responses in the cynomolgus monkey
model which closely mimics human TB discase. Thus, we are
taking advantage of the availability of multiple animal models
and are accumulating essental data on the DNA vaceine/HV]-
envelope in anticipation of initating « phase 1 clinical trial.

530 Human Vaccines & Immunotherapeutics

It is very important to evaluate the long-term survival in a
monkey model, as human TB is a chronic infection disease.
Thus, it is necessary for the development of effective vac-
cine to evaluate the long-term survival of monkey.>> In chis
study, increase in the survival rate was also observed in HV]-
Envelope/15K granulysin vaccine-treated group, compared with
saline-treated group (control group). In addition, it is noewor-
thy that histopathological improvement was observed in the lung
of vaccine-treated monkey (365 d after TB infection). A lor of
granulomatous lesions were observed in lung of survived monkey,
while a little or no such lesions were observed in lung of saline-
treated monkey, which had died of TB within 200 d after TB
challenge. Histology of granulomatous lesions observed in this
experiment was very similar to human lung TB granuloma by
histopathological examinations.

Efficacy of 15K granulysin-vaccine was studied in murine
models of TB. We used therapeutic models in this experiment.
Furthermore, we examined the synergistic effect of two vaccines
(the combination of FISP65- and granulysin-vaccines) in the same
therapeutic model. The results indicated the synergistic effect of
the combinational vaccination. Therefore, the combination of
these therapeutic vaccines might be useful for the development
of vaccines against human TB infectious disease. In summary, it
was demonstrated that granulysin-vaccine had a therapeutic effect
against TB in the mouse and monkey models of TB.

We also elucidated the in vivo function of Ksp37. Ksp37 is
expressed in cytotoxic lymphocytes, selectively in the cffec-
tor subset of CD8* T cells, CDD16* NK cells and /8T cells.!?
Expression of Ksp37 mRNA was closcly correlated with good

prognosis in ovarian cancer cells and gliomas!*"” However,

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

(A) Therapeutic efficacy

Treated CFU of TB {log)
-) 6.03 £ 0.06
HSP&5 DNA + 1L-12 DNA 540+ 097
vaccine
(8) Immune reponses human CTL and T cell proliferation
IL-2 R y-chain(-/-) SCID human CTL (+++)
PBL-hu human T cell proliferation (++-+)

human CTL (+)

CB17-5CID PBL-hu human Tcell proliferation (+)

Therapeutic efficacy of HVJ-envelope / HSP65DNA + IL-12DNA, using
in vivo humanized immune models of IL-2 receptor y-chain disrupted
NOD-SCID mice (SCID-PBL/hu). Groups of animals were treated with

3 times with HVJ-envelope / HSP65DNA + IL-12DNA (50ug i.m.). Ten
days after the third vaccination, mice were sacrificed and CFU of TB in
the liver of mice were accessed as described in Materials and Methods.
One x 107 PBL from a healthy human volunteer were injected i.p. into
-2 receptory-chain disrupted NOD-$CID mice. Twenty one days after
injection of PBL, mice were challenged with 5 x 10° H37Rv i.v. and then
treated with vaccine. *Student's t-test was used to compare the CFU
of TB of each group (p < 0.05). Human immune responseas [human CTL
activity and human T cell proliferation against alloantigen (CESS cells}]
of IL-2 receptor y-chain {/-) NOD SCID PBL-hu mice were compared with
those of CB17-NOD-SCID PBL-tu mice. {(+), weak: {+++), very strong
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Table 3. In vivo anti-TB effect of 15kDa Granulysin Transgenic mouse

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

mouse

G1 15K Granulysin Tg 53035

G2 Wild Type C578L/6 6.0+0.5
Mean = SD, n=7;*p < 0.05 G1 vs. G2; Tukey-Kramer's HSD; in vivo inhibi-
tion of the growth of M. Tuberculosis in the 15K granulysin transgenic
mice; In vivo anti-TB effect of 15K granulysin transgenic mouse; Five
15 K granulysin transgenic mice and five wild type C57BL/6 mice were
injected with 5 x 10° H37Rv M. tuberculosis i.v. Four weeks after the
challenge of M. Tuberculosis, mice were sacrificed. CFU of M. Tubercuio-
sis in the lungs of these mice were assessed described in Material and
Methods. Student's t-test was used (p < 0.05).

detailed immunological function has not been clucidated yer.
We first revealed that the level of Ksp37 protein in the serum of
patients with TB was lower than that of healthy volunteer. The
result suggested the relation between the serum level of Ksp37
and T'B disease. Next, we have established Ksp37 transgenic mice
to elucidate the in vivo role of Ksp37 in the defense against the
infection of M. tuberculosis. Ksp37 transgenic mice showed in
vivo anti TB effect. Thus it was demonstrated that Ksp37 played
an important role in ant-TB function in human as well as mice
bodies. Finally, we examined the efficacy of Ksp37-vaccine in
the mouse model of TB. Similar to granulysin-vaccine, Ksp37-
vaccine augmented in vivo differentiation of CTL against TB
(data not shown). In addition, simultaneous administration of
Ksp37- and granulysin-vaccines induced CTIL generation syn-
ergistically (data not shown). Therefore, these findings indicate
that granulysin- and Ksp37-vaccine might provide very useful
weapon as a novel TB vaccine, in the monotherapy or combina-
tion therapy.

The HSPGS vaccine showed a significant therapeutic effect
against TB, as described previously: (1) Prolongation of survival
of mice infecred with XDR-TB; (2) Decrease in the CFU of TB
in lung, liver and spleen of mice infected with MDR-TB as well
as drug-sensitive TB (F37Rv); (3) Decrease in the CFU of TB
in organs of mice challenged with TB in the in vivo humanized
immune model of SCID-PBL/hu.

Here, we revealed the synergistic effects of the combination
therapy of HSPG5-vaccine and a first line chemotherapy drug
Isoniazid (INH). It is very important to make a suitable regimen,
which enables the treatment of the patient with TB to complete
within a shorter period. In such circumstances, our data demon-
strating the synergistic effect of the combinational therapy using
a DNA vaccine and a chemotherapy drug will provide a new
strategy for the treatment of TB.

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

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

DNA vaccine is a relatively new approach of immunization for
infectious discases.>*'**! We have developed a hemagglutinating
virus of Japan envelope (HV]-Envelope) using inactivated Sendai
virus, as a nonviral vector for drug delivery.*?* It can efficiencly
deliver IDNAs, siRNAs, proteins and anti-cancer drugs into cells
both in vitro and in vivo.”*” Therefore, HV]-Envelope was suit-
able as an efficient and safe vector for DNA vaccines.

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

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

L e

Proliferation of PBL

Granulysin vaccine Control

* P<0.05

Figure 7. Proliferation of PBL from monkeys vaccinated with HVJ-
Envelope/15K granulysin DNA by the stimulation with HSP65 antigen.
Five x 10? M. tuberculosis (Erdman strain) were intratracheally into cy-
nomolgus monkeys as described in-Materials and Methods. Four weeks
after challenge cf TB, 400u.g of HV)-Envelope/15K granulysin were

: injected i.m. Six times every two weeks. The proliferation of PBL from

! monkeys vaccinated with HVJ-Envelope/15K granulysin on 13 weeks
after T8 challenge were assessed by the *H-TdR uptake of lymphocyte

i for3d culturs.
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vaccines against TB including XDR-TB and MDR-TB aftet the

clinical trials.

Materials and Methods

Methods for the evaluation of the therapeutic 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. The animals were vaccinated
nine times with the HVJ-envelope with expression plasmid of
both HSP65 and human IL-12 (HSPG3 + hIL-12/HV]: 400 ug
i.m.), one week after the challenge with the M. tuberculosis Exrdman
strain (5 x 10%) by intratracheal instillation. Immune responses and
survival were examined as described in our previous studies. >’

The animals were vaccinated with HV]-Envelope/15K granu-
lysin IDNA vaccine 6 times. Four weeks after challenge of TB,
400 wg of HV]-Envelope/15K granulysin were injected i.m. six
times every two weeks. Survival of monkeys treated with this
vaccine were evaluated. All animal experiments were approved by
the Leonard Wood Memortial Animal Care and Use Committee
and the National Hospital Organization Kinki-chuo Chest
Medical Center Animal Care and Use Committee.

Methods for the evaluation of the efficacy of vaccines on the M.
tuberculosis-infected mice. DNA vaccines encoding M. tuberculo-
sis FISP65 and I1.-12 were encapsulated intwo HV]-Envelope 6528
HV]-Envelope were prepared as described previouslyl.®” The
HVJ-Envelope complex was aliquoted and stored at -70°C unil
use. Groups of mice were vaccinated three times with 100 pl of
HV]-Envelope solution containing 50 pg of pcDNA-IgHSPG65
and 50 wg of pcDNA-mIL12p40p35-F in the tibia both anterior
muscles after TB challenge.™* At 30 d after intravenous challenge
of M. tuberculosis H37Rv and MDR-TB, the number of CFU in
the lungs, spleen, and liver were counted and therapeutic efficacy
of HV]-Envelope DNA vaccines was evaluated.”* DBA/1 mice
were treated with HV]-Envelope/HSP65 DNA + IL-12 DNA vac-
cine three times i.m. at 1, 8 and 15 d after the challenge of 5 x
10° CFU MDR-TB iv. Therapeutic efficacy was also evaluated by
chronic TB infection model of mice using aerosol challenge of TB
(15CFU/mouse: Madison aetosol exposure chamber, University of
Wisconsin). Mice were maintained in isolator cages, manipulated
in Jaminar flow hoods and used between 8-10 weeks of age. All
vaccinations and experiments on isolate tissue of animal were done
under anesthetic state with sevoflurane. Infected animals were
housed in individual micro-isolator cages in a Biosafety Level (BL)
3 animal facility of the NHO Kinki-chuo Chest Medical Center.
All animal experiments were approved by the National Hospital
Organization Kinki-chuo Chest Medical Center Animal Care and
Use Commirtee.

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

Methods for the establishment of granulysin transgenic
mouse. FEither 15K granulysin gene, 9K granulysin gene or
secreted 9K granulysin DNA (15K Gra secretory signal DNA was
fused into N-terminal of 9K granulySJ n DNA) were transferred
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Figure 8. Killer specific secretory protein of 37kDa (Ksp37 protein) in the
serum of patients with tuberculosis. Ksp37 protein in the serum of 31
patients with TB and 60 healthy volunteers were assessed by ELISA.
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Figure 9. In vivo anti-TB effect of Ksp37 transgenic mice. Ksp37 Tg mice
were established as described in Materials and Methods. Ksp37 Tg mice,
15K granulysin Tg mice, 9K graunlysin Tg mice and wild type C57BL/6
mice were infected with H37Rv TB by using intratracheal aerosol chal-
lenge using aerosol chamber.

to expressing plasmid DNA (pCAGGS) having CAG promoter.
DNA fragment was injected to pronuclei embryo and grafted
to 200 foster parents. Two types of 15K granulysin Tg mice, 3
types of 9K granulysin Tg mice and 6 types of secreted 9K gra-
nulysin Tg mice were made. Granulysin activity was assessed
by monoclonal antibody targeting 15K granulysin and 9K gra-
nulysin. Mycobacterium tuberculosis FHI37Rv 5 x 10° CFU was
intravenously injected to 15K granulysin Tg mice, 9K granulysin
Tg mice, wild type (control) mice and normal C57BL/6 mice
(8~12weeks).>” From 2 ro 12 weeks after injection, these mice
were sacrificed. The lungs, the liver and the spleen of these mice
were temoved, homogenized and cultivated for 14 d on 7H11
agar medium. Then, the number of colony of Mycobacterium
tuberculosis was measured.”*

Method for the establishment of Ksp37 transgenic mouse.
Ksp37 gene were transferred 1o expressing plasmid DNA
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(pCAGGS) having CAG promoter. DNA fragment was injected
to pronuclei embryo and grafted to 200 foster parents. Two types

of Ksp Tg mice (#13, #14) were made. Ksp activity was assessed

by monoclonal antibody targeting Ksp 37.

Reagents. [soniazid (INH) was obtained from Sigma Co. Ltd
(lot No. 117K0712). Rifampicin (RFP) was obtained from Sigma
Co. Lid (lot No. 087K18753). An amount of 0.03 mg/mouse of
INH and 0.1 mg/mouse of RFP were administeted to mice per os.

Statistical analysis. Student’s t tests and Tukey-Krumer’s test
were used to compare log 10 value of CFU between groups fol-
lowing challenge of TB. Student’s t tests were also performed to

compare immune tesponses between groups in T cell prolifera-
tion assay. A P-value of < 0.05 was considered significant.

6.
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Table Profiles of variable number of fandem repeat (VNTR) recognized as 15 rifampicin mono-resistant M. tuberculosis isolates and H37Rv and distribution of the rpoB mutations

JATA12 (No./Alias (1SMIRU-VNTR))

Hypervariable (HV)

Locus for international comparison*

Mutation codon

lsolates Date Jo1 Jo2 J03 J04 Jo5  Jo6  JO7  JOR  Joo  J19 Tl JI2 Identical no. (the change
no.  (YY/AIM/DD) VNTR ; ; Q3232 Q3%20 Q4120 MO4 MIG M40 EC 130 139 group  in nucleotide
M0 21 24 QIb Lot M26 QIS M3I Q3336 Q26 Q4136 sequence)
152 2005/02/03 4 3 3 3 6 3 747 3 8 3 1519 6 24 3 4 4 3 526 (cac— gac)
394 2005/04/15 3 3 4 3 5 3 7 2 5 15 9 2 15 9 8 2 3 2 4 4 3 531 (teg —>1tg)
319 Z005/06/07 4 1 3 2 9 4 9 4 5 7 8 5 16 14 12 2 3 3 4 4 3 516 (gac — gic) .
852 2005/09/20 4 8 3 2 7 4 7 4 4 10 8 2 0 12 3 2 2 3 4 2 1 A 53] (tcg—tig)
210 2006/02/27 4 1 3 2 6 4 7 4 3 8 8 5 30 16 9 23 3 4 4 4 526 (cac —ctc)
883 2006/10/13 4 8 3 2 7 4 7 4 4 10 8 2 0w 1 3 202 3 4 2 1 A 331 (leg— tig)
Y29 2006/10/30 4 3 4 3 6 3 4 4 5 7 8 3 320 10 2 03 3 4 4 3 B 531 (lcg—ttg)
1045 2006/12/07 2 3 1 3 4 2 5 1 3 12 6 5 5 5 2 2 3 1 4 2 4 none
441+ 2007/06/14 4 3 3 2 7 3 7 4 5 7 9 5 15 12 9 203 3 4 4 3 531 (g —tig)
207 2008/03/05 4 3 4 3 4 3 7 4 5 7 8 3 4 14 8 2 3 3 4 4 3 w5 53] (1cg—>itg)
413 2008/05/29 4 3 4 3 6 3 4 4 5 7 8 3 1320 10 203 3 4 4 -3 B 531 (icg—tg)
21 2008/12/17 5 3 2 2 7 3 7 4 5 7 9 5 15 12 8 2 3 3 4 4 4 526 (cac — tac)
103 009/02/02 3 3 4 3 5 3 7 2 4 7 9 5 12 9 8 2 3 2 4 4 3 533 (erg —ccg)
923 2009/11/27 4 3 4 3 6 3 4 4 5 7 8 3 1320 10 2 3 3 4 4 3 B 531 (tcg—ttg)
739 2009/12/07 4 2 4 3 6 1 7 4 5 7 8 4 15 18 10 2 3 3 4 4 3 531 (teg—ttg)
H37Rv 2 3 1 4 5 2 3 4 3 8 5 3 4 3 2 3 2 1 4 2 S

*The six loci composed the international Supply’s 1 SMIRU-VNTR by combination with JATA12-VNTR.

**The patients were classified as previously treated.
#*#%The VNTR pattern were concordant with pattern of MDR-TB strains from 2 patients.
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