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4.5. Animal studies

Female C57BL/6 mice aged at 6 weeks were purchased from
CLEA Japan (Tokyo, Japan). All mice were kept under specific
pathogen free conditions in animal facility of Osaka City University
Graduate School of Medicine according to the institutional guide-
lines for the animal experiments. Twenty mice were used per group
for infecting with each strain. One hundred microlitre of bactenal
suspension containing 1 = 10° CFUs of MAC was inoculated into the
trachea of the 7 weeks-aged mice anesthetized with pentobarbital
sodium. Lungs, spleens and livers were removed on day 1 (only
lungs) and 4, 8, 16 weeks after inoculation from 5-mice per strain.
The organs were homogenized in 1 ml saline, and 0.1 ml of 10-fold
dilutions of the homogenates was plated on 7H11-0ADC agar fol-
lowed by cultivating for 3 weeks. Bacterial burden was evaluated by
CFUs per organ. Histological sections were made by standard
methods including formalin fixation, dehydration, embedding in
paraffin, and staining with hematoxylin and eosin.

4.6. Statistical analysis

Data were analyzed using the statistical analysis soltware
package StatView 5.0 (SAS Institute, Cary, NC). The difference of
mycobacterial growth in 7H9 broth, THP-1 cells, and mice was
compared by a post hoc test of Schelfée among the strains tested.
The difference of mycobacterial growth at defined time points
during infection in THP-1 cells as well as in mice was compared by
repeated measurement ANOVA with a post hoc test of Schelfé in the
individual strains. Difference was considered statistically signifi-
cant at P < 0.05.
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RO EA BRI G LT b (K3).

LRG3 8513 A As € 28 i Eok TERIE 21
ittt (MDR) #i#4 il MUEHBETHLA V=TV FHB LT
)77 2 ¥y v oM, 2k bREREY
A AMERe H RYE RIS AL ERE, B 5 UF3) eSS
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2. BCG vaccine trials in South Africa
Gregory HUSSEY (South Afnican Tuberculosis Vaccine
Initiative. University of Cape Town, Cape Town, South
Africa)

3. Present and future of TB vaccine development research
Peter ANDERSEN (Statens Serum Institute, Copenha-
gen, Denmark)

4. Comments and directions in research and development of

TB vaccines
Jerald C. SADOFF (Aeras Global TB Vaccine Founda-
tion, Bethesda, Maryland, USA)

EHRTH0E@A(ZAODIFTO 1) PEBEE
(Mycobacterium tuberculosis) \ZBEMESs, T74bE, Wi
PR INIE R L, TEAE 200 AR R, 1708 A
(R RELSLERESHF B TALEL) 2 ELLT
LD (https//www.whointtblen/) . G H 104E Mz, 2%
LGB0 AN EME RN, 2000 AFRCTLIIE
AWESIN TV D,

A4 (2006%) TIREM2.6 T A (REEAND 0T
206) AR E ML, 23T A (FECHE1L8) AL,
HECBWTLHADSRITRELEETH 5. Roben
KochAS 1882442 [#5HEM ] # RE, BW{®, 120E8)#
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B S B TR S A, 40T B A S AT MR L
FrlorAtLly—

B A O LRI TV B,

FHOECET A HRAREE LT, DENRMITEE
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HTEETHLH. ZH60EY Bild 4 HFEN R
[RETHBLREBET 2+ 2] Thi, HiTHET 2 F
2 C# 4 bacillus Calmette-Guérin (BCG) (3 FLEERHIZ
HHTHLA, BEESBERRL AR LS OK
AR PR RS o8 T 2 BCGIRRO f 2t
IEEMRE TV 5.

{t LA (WHO) (220154 % TIZBI{7 BCG % &
WTA2FHa 7+ ORRYEEL TV 5. FHE
B2+ OMREREIL [T - R0 SR (7
BilY) REYmE R (MR Do FL] [P F B
#) : B BCG, WMABHEE, 572 F oL DNAL
YR{zT72F ), [#&EM5E . Prime $ Prime-boost 7
sFvIhrOMaYLEBLTED, MEERAE =
HiZ, B ML YERABTHE SN, AL 2 FY
EHIMEShLOo2Hh 5,

BRI O AEEMEERSE ANRREER) 28w
T, 3= vEYYLIIF o HROBELEER] %
feli L, tHROB—-BTERMEIATVWLABORET 2
FOMREIRET r F o MBORRCH RS L RE
Lie 3=V v RIYGAL[I2F  HROBELRF
¥ M HERICH MM R, £LT HRED
SEERIZ R - BB "W L (Translation)™ L, 78
WA R R A R L& T 2 8B0
BIECHFGTAILEHEL TV S,

M A HdE, BN RERF TR, T 162-8640 W
HBHEH A 1-23-1 (E-mail: kobayak(@nih.go.jp)
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1998 15, 7 A ') A GREESM N FPE£ >~ ¥ — (Centers
for Disease Control and Prevention : CDC) 35 £ UF Advisory
Council for the Elimination of Tuberculosis (ACET) (&4 fit
KoE7 2 F  MROLEREREL. LaLidt
b, BCGT 2 F 2 I2flb a7 7 F 2K TLE
RIEHIZIREoTuhy, ##727F 1, DNAT Y
F7y WAL RBCGT 2 F ¥, ¥ T2=9 b7
PF KB END. DNAT 2 F 2 XTI 2 F 2%
Royhwci@zrihEBhtwnwal b2 E{, %E
- EFMICLERTVWS, bitbhiiBCGT7 2 F >
XA PIEET S | TR HEE TR 2 F R
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DAL LM L7z, MoSEMBeOREDRLRL
2o EHIZEAENIZBWT, CDSYE THINE & CDAE
HTHROMEL OB T 7 2 F  CLETHL S
EEHLPIIZLA.

(BT 2F 2] 5612, SO 2F 2 RGEHREED
rFHRLERLE, THbbElAH O LOES
L ZITHBWT HVI-L ¥~ 10— 7/HSP 65 DNA +
IL-I2DNA W 7 F > & 3 HEFEHHES T4, ¥ bo—
MERZIER L THEEEZ L T - IF - oB#E RO
% a7 BRI R 20 B R RS HE (XDR-
TB) W LTHHEMT 2 F 2 REm Lz, BOETILE
WML F L IBAMBETHL, TLEY b (RVEEW AR
R ORTHIOTZFLIEBCGE NV HWTH - 12
[# Lv i R AR 7 REHT £ 7V SCID-PBL/hu)
FRHWTLY 7 F YR ER LI

50z, (EFrEHREEFLIIRLEVWA= 24
H#L ] (Nature Med. 1996) # vy, HSP 65 DNA +IL-12
DNAT7 2 F » O ATt %87 A=2 fHF L
IET 7 F A 4 MM e bR ARG
L. VSRR E#EERIRE L 7= 1) 3 BRMMBUE - A B
# 4 > (IFN-gamma, IL-2%) EAOW @S X R X

5] 3 ]|

AR - ik, AROSBGRIZHLNL. 2512,
ARG G RLEBOSNS DNAT Y F #iZ
BEIESORDEGETH), a2 - VBREEE
0% Th-ot. 2615, HAVDRTTIAL-T—2A ¥ —
EEHGWT, LN@EhLIsF o RMBELiT-4. 208
B BCGT I FTIAL-DNATZF o T—A 57—
EERGZRRI0%OEFERR L2 —H, BCG7
F o HHBEBOEFETH -0 RAILHLT
WNBROBCED 2 LVWEHET 2 F AR A Te
LA BCG7 7 F ALY RTCIEHIZLRICERS AT
WA L LD HSP6S DNA+IL-12DNA 7 72 F > 55l
BERAT 2 F e A EAREE S, WHO STOP
TB VACCINE Meeling CZ D7 7 F 2132 bOTHVFE
fli%2itr. 862, ZO7rF e REBE 200
WT2F L LTRSS ERADDHL, 261, H=2
AHFNORTHERT 7 F o HRBLTT IS LET—R
F—OHMAENME T, 794 L-FT—R 5 -4
R Th b, GERBFREE LHEKMREL Y ¥ — %,
H#E, HE gL, @k B BE, PE &R,
W, &L #WEHN, RGeberlit, B.Tanlit,
BN, RS L, FHEAMNL, BANEL,
EMEBM L, D.McMurmay L, WA BT FEHER
#ithEoEiRIZED)

We have developed a novel tuberculosis (TB) vaccine: a
combination of the DNA vaccines expressing mycobacterial
heat shock protein 65 (HSP 65) and interleukin 12 (IL-12)
delivered by the hemagglutinating virus of Japan (HVI)-
envelope and -liposome (HSP 65+ 1L-12/HVJ). This vaccine
provided remarkable protective efficacy in mouse and guinea
pig models compared to the BCG vaccine on the basis of
CF.U of number of TB. survival. an induction of the
CD8 posiive CTL activity and improvement of the
histopathological tuberculosis lesions, This vaccine provided
therapeutic efficacy against multi-drug resistant TB (MDR-
TB) and extensively drug resistant TB (XDR-TB) (prolonga-
tion of survival time and the decrease in the number of TB
in the lung) as well as protective efficacy in murine models,
Furthermore, we extended our studies to a cynomolgus
monkey model, which is currently the best animal model of
human tuberculosis. This novel vaccine provided a higher
level of the protective efficacy than BCG based upon the
assessment of mortality, the ESR, body weight, chest X-ray
findings and immune responses (IFN-y, 1L-2, IL-6 produc-
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tion, and lymphocyte proliferation of cynomolgus monkey).
All monkeys in the control group (saline) died within 8
months, while 50% of monkeys in the HSP65-+IL-12/
HV] group survived more than 14 months post-infection
(the termination period of the experiment). Furthermore,
the combination of HSP 65+ IL-12/HV] and BCG by the
priming-booster method showed a synergisiic effect in the
TB-infected cynomolgus monkey (100% survival), In contrast,
33% of monkeys from BCG Tokyo alone group were alive
(33% survival). Furthermore, this vaccine exerted therapeutic
efficacy in the TB-infected monkeys. These data indicate that
our novel DNA vaccine might be useful against Mycobac-
terium tuberculosis for human clinical trials.
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2. BCG vaccine trials in South Africa

South African Tuberculosis Vaccine Initiative, University of Cape Town  Gregory HUSSEY

The South African Tuberculosis Vaccine Imtiative, located
within the University of Cape Town, has been involved in a
number of BCG vaccine trials over the last few years and in
this presentation I will highlight results from some of our
studies.

A randomized trial comparing the efficacy of percutane-
ous versus intradermal BCG in the prevention of tubercu-
losis disease in infants and voung children

Intradermal BCG vaccine is currently recommended by the
World Health Organization (WHQO). Prior to this study, no
randomized trial comparing the relative incidence of tubercu-
losis following intradermal as opposed to percutaneous BCG
vaccination had been conducted. 11680 South African new-
boms were randomized 1o receive Tokyo 172 BCG vaccine
via either the percutaneous (n=35775) or the intradermal (n=
5905) route within 24 hours of birth and then followed up
for 2 years to document and investigate adverse events and
suspected tuberculosis (TB) disease. The cumulative incidence
of twberculosis over two years of follow up was 6,13% [95.5
%Cl: 5.52-6.79%] in the intradermal group and 6.49%
[5.86=7.18"%] in the percutancous group. No significant
differences were found between the routes in the cumulative
incidence of adverse events. Qur results suggest that the WHO
should consider revising its policy of preferential intradermal
vaccination to allow national immunization programs (o

choose percutaneous vaccination if that is more practical.

Determining BCG-induced immune correlates of protec-
tion against childhood tuberculosis disease

This study aims to determine what we can measure in the
bload of a BCG-vaccinated baby to tell us whether that infant
has either been protected, or not protected, against future
tuberculosis disease. Defining these “immune correlates™ 15
critical for studies of new tuberculosis vaccines. 5675 infants,
routinely vaccinated with BCG at birth were enrolled. Blood
was collected, processed and cryopreserved at 10 weeks of
age, and the infanis were followed for at least 2 years. 45
infants developed culture-positive lung tuberculosis over this
periad (i.c., not protected by BCG). 91 infants did not develop
tuberculosis discase despite exposure to adults with tubercu-
losis in the households (i.e., protected by BCG). We are now
in the process of retrieving blood products stored at 10 weeks
of age, to compare BCG-induced immunity in the 2 groups.
Our comprehensive approach to analysis includes: determin-
ing cytokine levels in plasma, evaluating cytokine expression
and the memory phenotype of specific T cells, determining
specific T cell proliferative and cytokine-producing capacity.
assessing the pattern of mRNA expression, and determining
whether BCG-induced antibody production patterns may
correlate with protection. Results will be presented.
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The effect of BCG strain and route of administration on
the immune responses caused by the vaccine in infants

At present, we do not know whether BCG strain or route
of administration determine efficacy. We evaluated antigen-
specific immunity after percutaneous or intradermal adminis-
tration of Japanese BCG or intradermal administration of
Danish BCG. Ten weeks after vaccination of neonates, percu-
tancous Japanese BCG had induced significantly higher fre-
quencies of BCG-specific IFN-gamma (-producing CD4+
and CDE+ T cells in BCG-stimulated whole blood; signifi-
cantly greater secretion of the T helper l-type cytokines
IFN-y, tumor necrosis factor (TNF)-alpha and interleukin
(IL) 2; and significantly lower secretion of the T helper 2-type
cytokine 1L-4; and greater CD4+ and CD8+ T cell prolifer-
ation than did intradermal Danish BCG. Thus, BCG strain and
route of vaccination confer different levels of immune activa-
tion, which may affect the efficacy of the vaccine.

Immune response to BCG vaccination in HIV-infected
newhorns

We have evaluated the risks and benefits of BCG vacci-
nation in HIV-infected infants, However, we do not know
whether BCG does protect HIV-infected children against the
disease : rather BCG may itself cause disease in this popula-
tion. Sequential BCG-induced immune responses were deter-
mined in 22 HIV-positive infants compared with that in 25
healthy infants born to mothers not infected with HIV and in
25 HIV-negative infants born to HIV-positive mothers, Results
will be presented in the near future,
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3. Present and future of TB vaccine development research

Department of Infectious Disease Immunology and the SSI Centre for
Vaccine Research, Statens Serum Institute, Copenhagen, Denmark Peter ANDERSEN

Tuberculosis (TB) kills 2—3 million people every year.
The current tuberculosis (TB) vaccine Mycobacterium bovis
bacillus Calmette-Guérin (BCG) is the most widely used
vaccine worldwide, but it does not prevent the establishment
of latent TB or reactivation of pulmonary disease in adults.
The development of subunit vaccines has now reached the
point where single antigens as well as poly-protein fusion
molecules have been evaluated in animal models and found
to provide efficient protection against tuberculosis. The
most advanced of these vaccines such as the fusion between
ESAT6/TB 10.4 and Ag85B are now in clinical trials, Cur-
rently the focus is on evaluating the influence of different
adjuvants, live delivery systems, routes and prime-boost

regimes for optimal expression of immunity in the lung,
boosting of BCG and maintenance of immunological memory.
Subunit vaccines can be used to boost BCG immunity either
administered together (Tandem administration), shortly after
BCG (early boost) or in adolescence when BCG immunity
starts to wane (Late boost). A late BCG boost would frequently
be administrated post-exposure to latently infected individuals
and ongoing efforts are focused on understanding the impact
this would have on existing vaccines and for the design of
efficient booster vaccines.
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4, Comments and directions in research and development of TB vaccines

Aeras Global TB Vaccine Foundation, Bethesda, Maryland, USA  Jerald C. SADOFF
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Chairpersons : 'Kazuo KOBAYASHI and “lsamu SUGAWARA

Speakers:

1. Novel DNA vaccines against tuberculosis : Masaji
OKADA (Clinical Research Center, National Hospital
Organization Kinki-chuo Chest Medical Center)

2. BCG vaccine trials in South Africa: Gregory HUSSEY
(South African Tuberculosis Vaceine Initiative, University
of Cape Town, Cape Town, South Africa)

3. Present and future of TB vaccine development research:
Peter ANDERSEN (Statens Serum Institute, Copenhagen,
Denmark)

4, Comments and directions in research and development
of TB vaccines : Jernld C. SADOFF (Aeras Global TB
Vaccine Foundation, Bethesda, Maryland, USA)

Mycobacterium tuberculosis is one of the most successful
bacterial parasites of humans, infecting over one-third of the
population of the world as latent infection without clinical
manifestations. Over 9.2 million new cases and nearly 1.7
million deaths by wberculosis (TB) occur annually (hup://
www.who.int/thfen/). TB poses a significant health threat 1o
the world population. Global wberculosis control is facing
major challenges today. In general, much effort is still required

10 make quality care accessible without barmiers of gender,
age, type of disease, social setting, and ability to pay. Coinfec-
tion with M. tuberculosis and human immunodeficiency virus
(TB/HIV), and multidrug-resistant (MDR) and extensively
drug-resistant (XDR)-TB in all regions, make control activities
more complex and demanding. Treating and preventing TB
is challenging. even in developed countries where there
is a modemn health care system and infrastructure. Current
treatment regimens last six to nine months, and erratic or
inconsistent treatment breeds MDR (490,000 new cases/year)
and even XDR-TB (40,000 new cases/year), which means that
this pandemic could become even more difficult to control
throughout the world. TB is a leading cause of death among
people who are also infected with HIV, according to the
World Health Organization. One-third of the 33.2 million
people living with HIV also suffer from TB. The coinfection
causes 230,000 deaths annually worldwide. Without proper
treatment, approximately 90 percent of people living with HIV

die within two to three months of contracting TB (http://www.
stoptb.org/wg/th_hiv/default.asp). The goal of this symposium
is to understand the current situation of research and develop-
ment of novel TB vaccines and the future perspective.
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To win the fight against TB, a comprehensive approach is
needed that includes new and more effective vaccines as well
as improved diagnostics and treatment. The bacillus Calmette-
Guérin (BCG) vaccine, created in 1921, is the only existing
vaccine against TB, Unfortunately, it is only partially effective.
It provides some protection against severe forms of pediatric
TB. namely disseminated and meningeal tuberculosis occurr-
ing in the first year of life, but is unreliable against adult
pulmonary TB, which accounts for most of the disease burden
worldwide. Although BCG is the most widely administered
vaccine in the world, there have never been as many cases
of TB on the planet. There is therefore an urgent need for
a modern, safe and effective vaccine that would prevent all
forms of TB, including the drug-resistant strains, in all age
groups and among people with human immunodeficiency
virus (HIV).

Strategies for the research and development (R&D) are
included 1) pre-exposure (prophylactic) and 2) post-exposure
(therapeutic) vaccines. Based on the preparation, there are 4
types, such as 1) improved BCG, 2) atenuated M. tubercu-
losis, 3) subunit/component vaccines, and 4) DNA vaccines,
Speakers have presented and discussed "R&D of novel
vaccines against TB™ beiter than current BCG.

To control TB and overcome the issues, such as drug-
resistant TB and HIV-TB coinfection, we hope the presen-
tation in the Mini-symposium promotes a more adventurous

Bt Wms3E B 200890 H

approach to develop a novel, effective and safe TB vaccine.
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