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Development of a New Attenuated Vaccine :
from Preclinical to Clinical Evaluation

~2%0 ORFs in the M. tuberculosis genome under PhoP control
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THE UNIVERSAL DISTRIBUTION OF THE VACCINE:
The Royal Philanthropic Vaccine Expedition
Balmis - Salvany 1803-1808

La Coruia 1803 in Caracas: 1.-Asia 2.- America




1979 SMALLPOX ERADICATED




BCG: PRESENT VACCINE
AGAINST TB

LIVE ATTENUATED
VACCINE Mycobacterium bovis

Albert CALMETTE Camile GUERIN
EFFECTIVE AGAINST SEVERE FORMS OF CHILDHOOD TB

Efficacy of BCG vs. TB meningitis and miliary TB
Trunz, Fine, Dye. The Lancet 2006, Bonifachich E et al. Vaccine 2006.

Reduce risk of infection M. tuberculosis (Eisenhut et al Vaccine 2009)

BCG MOST USED VACCINE IN THE WORLD

Protective efficacy againts adult pulmonary TB
varies greatly between populations!



M. bovis 1908-1921 230 Passages BCG MORE THAN 100 GENES DELETED
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COMPARATIVE GENOMICS: COMPLEXITY OF BCG VACCINES
BCG Pasteur 1173 SEQUENCE  PNAS 2007 Brosch et al

M. bovi M. tuberculosi
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g BCG Japan | MORE IMMUNOGENIC
upstream of phoP
| RD2 |1927 Group I
A
BCG Tice a4 N
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BCG Phipps < <
) BCG Mérieux
BCG Pasteur
BCG Danish
Group IV Group III * Not produce PDIMs , PGLs

(Chen et al Vaccine 2007)
Adapted Brosch etal 2007 PNAS Natlonal A@demy of Sdences Copyright © 2007 Exper Opin. Biel. Ther. (2008) 8:1-11



NATURAL HISTORY TUBERCULOSIS

TB INFECTION
1.3 POPULATION

M. tuberculosis

LATENCY

TB DISEASE (5-10%)

50% Dead without treatment Modified from Kaufmann:Nature Medicine 2005
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> DISCOVERY AND PRECLINICAL RESEARCH
ON NEW TB VACCINE CANDIDATES

CLUSTER TUBERCULOSIS VACCINE
QLK2-1999-01093 (2000-2004)

SUBUNITS CANDIDATES
more than 150: identified, produced and tested

LIVE VACCINES
more than 20: identified, produced and tested

rBCG (2)

Attenuated M. tuberculosis (1) phoP SO2



I Live Vaccines Based on Attenuated M. tuberculosis
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— Which Genes to Choose for Inactivation?

N (M. tuberculosisis genome near 4.000 genes)

A PARTICULAR Mycobacterium bovis STRAIN CAUSED XDR OUTBREAK

V First isolated in 1991

V HIV+ individuals, 114 deaths

76 7 D( V Highly transmissable by aerosol route

M. bovis B strain increased expresion of transcription factor gene phoP

THE PHOP/R TWO-COMPONENT SYSTEM OF MTB
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~2% ORFs in the M. tuberculosis genome under PhoP control

CONCEPT, CONSTRUCTION AND PROOF OF PRINCIPLE OF phoP-BASED VACCINE
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Up iniyanides
SAFETY OF SO2
ATTENUATION IN MICE AND GUINEA PIG MODELS

Balb/c MICE GUINEA PIG
100 1200 |
%U 80L 1000
7 = MT103 E
3 60 802 > 800 |
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§ o0l 400 | §7
Oo 20 40 60 & 80 100 120 140 200
Days after intratracheal challenge 3 6 91215182124 27
weeks
Survival (120 days): SO2 is fully SO2 fulfills the safety norms for BCG
attenuated compared to MT103 in after 6 months follow up (50x dose)

Immunocompetent mice
Cardona et al. Vaccine 2009 U—T-E
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Aguilar et al. CEI 2007 &.2¢

SO2 is fully sensitive to major antituberculous drugs
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SAFETY OF SO2
ATTENUATION IN SEVERE COMBINED IMMUNODEFICIENT (SC|D) MICE

SCID AEROSOL MODEL SCID INTRAVENOUS MODEL
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Survival (240 days): absence of SO2 is more attenuated than BCG
virulence in the SCID mouse aerosol Pasteur in the SCID mouse
model (no CFU recovered from lung intravenous model
or spleen)

| |I ! Martin et al. Vaccine 2006 U-T_E
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PROTECTIVE EFFICACY OF SO2
GUINEA PIGS HIGH DOSE AEROSOL CHALLENGE

GP SURVIVAL

—— PhoP
m— BCG
msmmm Saline
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Time post challenge (days)
From 24 vaccine candidates
tested, Two candidates better than
BCG Danish: SO2 and

BCG/MVA.85A (Phase 1, 2
humans)

CFU AND LUNG HISTOLOGY
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SO2 group has reduced CFU in lung
and spleen and showed less
percentage of lung consolidation

Williams et al. Tuberculosis 2005 4 rearn %
Martin et al. Vaccine 2006 Agency
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FROM SO2 TO MTBVACO1 é

SO2 phoP mutant by insertion
Bell
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(1) Perez et al 2001 (2) Williams et al 2005 (3) Martin et al 2006 (4) Aguilar et al 2007 (5) Cardona et al 2009 (6) Verreck et al 2009



Up iniyanides
PROTECTIVE EFFICACY OF SO2

BODY WEIGHT & REDUCTION OF PULMONARY PATHOLOGY IN NHP
ST

AFTER CHALLENGE / END OF EXPERIMENT

relative change body weight lung PA
20- o 30-
12 @
0 g S 201 e
o TS > ;
° ® o i €
£ 10- / y
-207 ‘e & © o 0 ®
@
@ @
-40- 0- v ®
non-v BCG S02 non-v BCG S02
*% u *%

** n> 0.001

$i¢

v

Verreck et al . 2009

BIOMEDICAL PRIMATE RESEARCH CENTRE, RIJSWIJK, THE NETHERLANDS



% of positive lymphocytes

Immunogenicity SO2 Cellular immune responses in Balb/c mice

vaccinated with SO2 or BCG
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FUNDAMENTAL RESEARCH

DEVELOPMENT
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Leading solutions for
Animal health

CRO Contract Manufacturing CZV is an internationally renowned biopharmaceutical
company, leader in the manufacture of veterinary products. Experience in pathogens

CZ Veterinaria PORRINO (Pontevedra) - Spain



Facility covers an area of 26.000 m2, of which 10.000 m2 houses constructed
production facilities, biotechnology laboratories, offices and warehouses.
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Progressing live-attenuated TB vaccine candidate
MTBVAC to first-in-human clinical evaluation

GMP Good Manufacturing Practices

GCPs Good Clinical Practices

MTBVAC

PDT TBVI Expert Advisors
Dr. Georges Thiry

Dr. Micha Roumiantzeff

Dr. Barry Walker

Dr. Mei Mei Ho

Dr. Eddy Rommel

CDT TBVI Expert Advisors
Dr. Roland Dobbelaer

Dr. Frangois Spertini
Prof. Juhani Eskola




& TUBERCULOSIS

LIVE VACCINE? '

Protectlon Pulmonary TB
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