If you can avoid an infectious
disease, you better do...

Vaccines



Strategies to control infectious disease

» Living conditions and habits
« Water purification (waterborn disease — 2 mil. death/year from diarrhoea)
» sewage disposal (entteric infections)
* improved nutrition (host defence — TB...)
 better housing (less crowding, less dirt, but .... Allergies???7?)

* Food safety

Cold storage chain, hygiene of raw materials and treatment

Pasteurization (milk, cheese, cans etc.

food inspection (meat), preventing contamination (vegetables, chicken etc.)
proper cooking

« Vector and reservoir control
» Control of arthropods — mosquitos, ticks, lice etc..
« Control of animals that are source of zoonoses (rabies, bovine and badger TB

« Treatment or prevention
— Drugs for chemotherapy
— Vaccines

« Miscellaneous
— Reduced promiscouity, condoms, hygiene, WC, clean syringes, blood screening



Standing on the shoulders of giants

Knowledge helps
= vaccines

Toxins, attenuated or killed disease-causing microorganisms
— stimulation of the host immune system
— production of ,protective” antibodies

- prophylactic (to prevent or ameliorate the effect of a future infection)

- therapeutic (to treat a developed disease)



Standing on the shoulders of giants

Robert Koch Albert Calmertte Camille Guérin

Copyright @ 2006 Nature Publishing Group
Nature Reviews | Immunology



Vaccines — a bit of history...

Live attenuated organisms
1796 — E. Jenner, cow pox material used to protect against smallpox,

cow = vacca in latine >>> Vaccine

1885 — L. Pasteur (dried brain rabbies vaccine)
1927 — BCG — Bacillus Calmette-Guérin — M. bovis attenuated by passaging on media
Post world War Il — Measles, Mumps, Rubella, Adenovirus, Varicella, Typhoid, cholera
1957 — live attenuated polio virus — Sabine tested on his own sons...
CR first in the world to achive polio eradication — lead by Karel Raska at WHO in geneva

Killed Whole organisms

1896 - Typhoid, Cholera, 1897 - Plague

1926 — pertussis 1936 — influenza 1938 - rickettsia
Post world War Il — Polio, Rabies, encephalitis, hepatitis A
1960s-1970s — eradication of smallpox

Purified proteins or polysaccharides, recombinant vaccines

1923 — diptheria, 1927 tetanus vaccine (diphtheria toxoid,;

1940s DPT vaccine — first combination of diphteria and tetanus toxoids with B. pertussis)
1952 — J. Salk (inactivated polio vaccine)

. DNA vaccines

Vaccines remain elusive for many important diseases (HIV, malaria, even TB...) !




Major deleted regions in Mycobacterium bovis BCG Pasteur
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The success story of vaccination

Number of Countries Reporting Cases
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The success story of vaccination

Figure 13. Poliomyelitis, Paralytic — Reported Cases, Canada, 1949-2003
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Vakcina proti poliomyelitidé
1955 inaktivovana Salkova a 1960 atenuovana Sabinova vakcina

Oralni vakcina Alberta Sabina byla masivné testovana v SSSR kolem roku 1960
Chumakovem a poté masové nasazena po celém svété v kampani SZO

Ceskoslovensko se v roce 1961 stalo prvni zemi na svété, kde byl
pferusen proces Sifeni divokych polioviru v populaci a poliomyelitida zde
byla eradikovana vakcinou vyvinutou tymem doc. Slonima v USOL Praha

Jonas Salk Albert Sabin



The success story of vaccination
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SR " ,"\ Hib trial National immunization with Hib

350
300 —
250 —
200 —
150
100

© Elsevier. Goering et al: Mims' Medical Microbiology 4e - www.studentconsult.com.



Ockovani inaktivovanou celobunécnou pertusovou
vakcinou byvalo velmi ucéinneé...

Pertuse, 5R, 1955-2010, nemocnost na 100 000 obyvatel
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Diky “demokracii” a
zavedeni nove acelularni
vakciny
se davivy kasel vraci do
nejvyspelejsich zemi ....

V letech 2009-2012 probéhla v Australii epidemie davivého kasle

>100 pripadu / 100 tisic_obyvatel...

jako kdyby neockovali vubec...



v

Celkovy pocet pfipadu

Epidemie davivého kasle v Kalifornii v roce 2010
zemielo 10 kojencl mladSich nez 2 mésice

Figure 2. Number of reported pertussis cases by year of onset -- California 1947-2010"
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Navrat pertuse do USA v roce 2012 pires pokryti
96% detske populace acelularni vakcinou

CDC National Notifiable Diseases Surveillance System National Immunization Survey
Pertussis Surveillance System




Predstavuje pertuse tohle?

Douiame, ze:nikoliv, ovSem...

Vienizbylvysoky vyskyt pertuse v HolandskuiasBis
amevy/ssitvyy'skyt v Praze za podlenich 40 let...

POLlEPuUjeme lepe pochopit
PIGIGEI & Virulenci B. pertussis
VARGYEMm zvirecim modelu Papio anubis

Potebujeme vyvinout nové vakciny, ktere budou nejen
PEZPECNE ale zabrani tez sireni infekce.. ..




Klasické vakciny predbehly
poznani imunitniho systému:

Pripraveny Cisté empiricky z celych bakterialnich bunék a virt

Dodnes patii k nejuc¢innéjsim vakcinam diky spektru obsazenych
antigenu

Jista mira vedlejSich ucinkd vedlejSich a mnohdy zveliCovanych ucinku

(obsah endotoxinu, reverze poliovirt, automunita?).

Individualni bezpec€naost na ukor ochrany populace???



Aktualni vyzvy ve vyvoji vakcin
» Malarie - P. falciparum — novéa generace vakcin v klinickych testech

» Tuberkuléza - 2 mid. latentne infikovanych — bé&zi klinické testy

* AIDS — 35 milionu HIV-pozitivhich — zatim beznadéjné?

« Chlamydia pneumoniae
* infekéni mononukle6éza — EBV a téz CMV

* Imunoterapeutickeé vakciny proti alergiim,
autoimunite

- T-bunécné vakciny pro imunoterapii rakoviny

slibné, prvni vakcina na lé¢bu nadort prostaty registrovana v USA



Nove vakciny stavi na pokroku
molekularni biologie,
genomiky
a
bunécné imunologie



Bacterial subunit vaccines
- SEARCH FOR
VIRULENCE - ASSOCIATED GENES

s Mutagenesis (disruption of virulence genes)
¢ Allelic exchange (gene replacement)
s Complementation analysis (gene function restorement)
¢ Operon fusions (regulon mapping)
s Secreted proteins
+ In vivo during infection specificaly activated genes:
- IVET
- differential display PCR
- substractive hybridization
- signature tag mutagenesis with negative selection
*» Two-hybrid analysis, phage display (interactive gene products identification)
*» Pathogenicity islands
** Whole genom sequencing + selective mutagenesis (virulence tests)

I Mechanism of pathogenesis, antigenicity vs. immunogenicity, antigen variability !



Nove koncepty (1):

Nova adjuvans — soli hliniku, MPL, olejové suspenze PolylCLC — aktivuji
inflamasom anebo signalizuji pres TLR ligandy (poly I:C + polylysin)

konjugace malo imunogenniho kapsularniho polysacharidu s proteiny
(Hemophilus, Neisseria meningitidis C, Streptococcus pneumonieae)

rekombinantni pseudovirove Castice (HPV, HBV)

oralni a intranasalni atenuované a enkapsulované vakciny (rotavirus,
Salmonella, Shigella, poxvirus, adenovirus, intranasalni chfipkova vakcina)

rekombinantni podjednotky vakcin, napf. gdPT pouzity v italské vakcine



The issue of malaria vaccine

stage vaccine strategy vaccine candidates
, sporozoite vaccing fo induce circumsporozoite protein (RTS,S)
LB sporozoftes blocking antibody, already field- thrombospondin «
,/ tested in humans related adhesive protein (TRAP)

liver stage

sporazoite vaccine to induce
cell-mediated immunity to liver
stage, already tested in humans

© : ®  merozofies
L

metozaite (anbgen) vaccine
lo induce invasion inhibitory
antibody

merozoite surface protein - 1 (MSP1)
apical membrane antigen - 1 (APA-1)

asexual
erythrocyte
stage

asexual stage (antigen) vaccine
10 induce other responses to

red cell stage, and against toxic
products {'anti-disease’ vaccine)

glutamate - rich protein (GLURP)

O? ’d‘ gametocytes

¥ \ 0 —

vaccines to nterrupt sexual
stages - transmissien blocking'
vaccine

© Elsevier. Goering et al: Mims' Medical Microbioloay 4e - www.studentconsult.com.




VACCINE TYPES

-Killed (previously virulent microorganisms destroyed with chemicals or heat)

200 vaccine introduced
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© Elsevier. Goeri t al: Mjms, Medical Micrabiol 4e - .student It. A
Thanks to demoéracy and acellular vaccine. pertussis is coming back. ..

This spring already 9 deaths and 600 seriously ill infants in California ...



VACCINE TYPES

- Attenuated (live ,weakened“ microorganisms), preferred type for vaccination of healthy
adults. includes for ex. viral diseases: yellow fever, measles, rubeolla, mumps; and
bacterial tuberculosis (modified strain BCG is used to elicit immunogenicity tothe vaccine)

Attenuating poliovirus - Sabine

test for paralytic
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VACCINE TYPES

- Toxoid (chemically of genetically inactivated toxic




VACCINE TYPES

- Subunit (protein subunit; hepatitis B virus envelope proteins recombinantly produced in
yeast, virus-like particle against human papilloma virus or HA and NEU subunits of the
influenza virus)

VLP of HPV16



T-bunéecné vakciny pro prevenci

infekci a terapii nadoru



Dvé drahy prezentace antigenu:
cesta k protinadorovym vakcinam

maturace B lymfocytu
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Jak dopravit antigen do cytosolu prezentujicich bunek a
stimulovat CD8* cytoxické T lymfocyty?

« DNA a RNA vakciny —i.d./s.c./i.m. nebo
ex vivo aplikace na APC a transfer do téla
(zatim jenom pro zvifata)

Curreen Opinion & immunciogy

* dendritické bunky maturované a nabité antigeny in vitro pro imunoterapii
nadorU (Provenge = prvni registrovana vakcina na rakovinu prostaty — 2010)

* Intracelularni baktérie - uvoliujici rekombinantni antigeny (atenuovana Listerie,
Salmonella, BCG...)

» Atenuované rekombinantni viry produkujici antigeny (napf. vakcinie, adenovirus)

 Liposomové preparace peptidu

* Proteiny pronikajici do bunék (Tat, bakterialni toxoidy - dCyaA (Procervix)

- protilatky s geneticky (nebo chemicky) pfipojenym antigenem, které rozeznavajici
endocytické receptory dendritickych bunék (R. Steinman — Celldex Therapeutics)

antigenni fuze se streptavidinem (v kornplexu s biotinylovanou sméfovaci protilatkou?)



Rekombinantni: mohou byt multivalentni (Ulmer et a

DNA vakciny
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Dendritické bunky maturované a nabité antigeny z
lyzatu nadorovych bunek in vitro
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Vyuziti antigennich fuzi se sreptavidinem pro dopravu
antigenu ke prezentaci na MHC molekulach
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dCyaA toxoid jako nastroj pro dopravu antigenu
do cytosolu prezentujicich bunék
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(z viru, bakterie, o
parazita, nadoru) .«I.
1
oy B, integrin
CD11b/ @ o
iii. Qai ol CD18 bunka prezentujici antigeny
sl Il

% ) endocytdza \
translokace - O
Endozom

Proteazom ,
Transportér peptidll vystépenych

proteazémem z antigent
— Endoplazrr.latické
I retikulum
> l MHC-1 peptid MHC 11 MHC-I
MHC-I glykoprotein
glykoprotein Golgi .:

CD8*
T lymfocyt




Genetic to genomic vaccination
- Expression library immunization
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Genetic vaccination — biological DNA delivery

A. Bacteria @ Expressuon cassette
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Genetic vaccination — biological DNA delivery
Oral somatic DNA vaccination by Salmonella ofr Shigella

Attenuated bacteria as a DNA delivery vehicle for DNA-
mediated immunization

Bacteria carrying plasmids invade epithelial cells and lyze,
because of lack od diaminopimelate ot aromatic
aminoacids... release plasmid DNA..

Oral imusuntzstion Transcytosis and phagocytosis Migration, activation of M@ Induction of cytotoxic T cells Induction of helper T cells

and gene transfer in LN and spleen and B cells
Gastrointestinal tract [ | pacterial lysis

& MHC-1+ Ag. > Soluble Ag.
Salmonella OTCR * & MHC-1I
) @ 2 TCR
Salmonella typhimurium aro A~ ' L i Y vector transfer
o '- O) = 3

pCMVhly “‘7 @
pPCMVactA activation e e
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VACCINE TYPES

- Conjugate (polysaccharide linked to immunogenic proteins; Strep., H. influenzae type B)

- Experimental (DNA vaccination, T-cell receptor peptide vaccines — modulation of
cytokine production, proteins targeting complement inhibition, dendritic cell vaccines,

recombinant vector introduction, reverse vaccinology...)

- Valence ( monovalent — against single antigen or microorganism, polyvalent)



DIFFERENT MODEL SYSTEMS
FOR INFECTIONS and vaccine testing

Animal models — widely used (IDs,, LDs,, adhesion, intracellular survival)
— legislatively more accessible
— for many purpose sufficient enough
— transgenic and ,humanised” animals

x disadvantages:
- differences in: immune system, microflora, receptors, sensitivity to pathogen...)
- non-natural ways of causing the infection: intraperitoneal, intracerebral
(avoiding the colonisation step — ,the first contact®)
- often more septicaemia than infection

Tissue cultures (monolayers, multilayers; dirrefentiated, polarized; primary,
transformed - LIMITATIONS !)

Organ cultures




VACCINE DESIGN Considerations

»Response required

»Delivery pattern

»Antigen vs. Target disease

»Administration route

»Possibility of combination with other antigens

»Administration frequency



ADJUVANTS (Ramon, 1926)

- Immune system response enhancement
- Dose reduction

- Lowering the frequency of administration

Chemical substances:

- Oil emulsions:Freund’s emulsified oil adjuvants (complete and incomplete)
Arlacel A, Mineral oil, Emulsified peanut oil adjuvant (adjuvant 65)

- Mineral compounds

- Bacterial products (Bordetella pertussis, Corynebacterium granulosumderived P40
component, lipopolysaccharide, Mycobacterium and its components,
Cholera toxin..)

- Liposomes

- Immunostimulating complexes (ISCOMSs)

- Other adjuvants (Squalene)



PROTECTIVE IMMUNE RESPONSES

Immune Mechanism Localisation | Target
response antigens
HUMORAL Prevention Blood Surface antigens
(antibodies) Mucosa

CELLULAR | Help antibody Lymph nodes Any

(T-helper 2) production

CELLULAR | Local inflammation Lymph nodes | Any
(T-helper 1) Help cytotoxic cells

Cytotoxic Infected cells lysis Lymph nodes Any intracellular
T cells




PARAMETERS OF VACCINES
FOR COMMERCIAL USE

According to the CPMP (Committee for Proprietary Medicinal Products ):

» Geometric mean titer increase
» Seroconversion

« Seroprotection rate

Clinical trial phases:

- Phase | (20-30 subjects)
- Phase Il (100 or more subjects)
- Phase Il (hundreds to thousands subjects, usually randomized)

+ single-blind study vs. double-blind study

+ the FDA and the Office of Human Research Protections require that patients
give informed consent before joining a clinical trial

+ vaccine patent application (composition, preparation, storage)



VACCINE SAFETY

* Live attenuated vaccines

- insufficient attenuation

- reversion to wild type

- administration to immunocompromised patient
- persistent infection

- contamination

- foetal demage
* Non-living vaccines
- contamination ( live organisms, toxins)

- allergic reactions

- autoimmunity

» Genetically engineered vaccines

- oncogenes?



Pathogenes}.

Vaccine

VACCINE DESIGN

Immune mechanism

,Defense” Antibodies | Th2 Thl CTL
Live Vaccinia
attenuated Polio, BCG
Whole cell Cholera HAV
killed Polio, Pertussis
Subunit Diphteria
Tetanus
Purified Acellular Hib
subunit Pertussis
Recombinant Hepatitis B
subunit
Adjuvanted Alum MPL MF59 | Alum MPL | SB AS-1
subunit MF59 SB AS-1 SB AS-2
Live NYVAC NYVAC
vectored Listeria Listeria
Adenovirus | Adenovirus
Nucleid Acid + +
vaccination

\ 4

>



MUCOSAL VACCINES

Approaches to mucosal immunisation

* Anti-Infectious

* Oral, intranasal, intrarectal, intravaginal
« Stimulation of local and systemic responses

- enteric infections
- other mucosal infections
* Anti-Inflammatory

Living microbes: Salmonella,Shigella

- certain infections BCG
- autoimmune diseases Adenovirus, poxvirus
- allergies Non-living antigens: Microencapsulated Ag

Killed microorganisms
Adhesins from bacteria
Transgenic plants

- transplantations




REGISTRED VACCINES
(since 2000)

Hexavalent combination for infants

- since 1.1. 2009: INFANRIX hexa™
- Diphtheria, Tetanus, Pertussis, Hepatitis B, Polio, and Haemophilus influenzae type b
- for the routine infant primary immunization series at 2, 4 and 6 months of age

Rotavirus (Oral)

- RotaTeq™, Rotarix™
Pneumococcal Conjugates
- Prevenar™ (heptavalent, multiple serotypes)

Meningococcal Conjugates
- MENVEO™ (serotypes A, C, Y and W135)

MMR-Varicella
- measles, mumps, rubella/+ varicella



Current PRINCIPAL VACCINE TARGETS

Chlamydia pneumonia
CMV

Human papilloma
Malaria

EBV

Tuberculosis

HIV

Meningococcus B
Group B Streptococci



Mass Vaccination Reduced by >97% the Incidence of 9
Devastating Diseases and Eliminated 2 of Them
(Smallpox and Poliomyelitis)

Disease Max. N° of cases (year) N° of cases in 1997 Reduction
Smallpox 48,164 (1901-1904) 0 100%
Poliomyelitis 21,269 (1952) 0 100%
Diphtheria 206939 (1921) 5 99.99%
Measles - spalnigky 894134 (1941) 135 99.99%
Rubella - zardénky 57686 (1969) 161 99.72%
Mumps - pfiusnice 152209 (1968) 612 99.59%
Pertussis 265269 (1934) 5519 97.92%
H. influenzae 20000(1992) 242 98.79%

1560 (1923) 43 97.24%

Tetanus




One of the goals that can be achieved within the next

decade is the elimination of

BACTERIAL MENINGITIS

1980°s USA UK

Haemophilus influenzae  48% 29%

Neisseria Meningitidis  20% 25%

Streptococcus Pneumoniae  13% 20%

180,000 deaths /year

S. Africa
36%

50%

12%



The Hib vaccination has eliminated the disease caused by
Haemophilus influenzae from all those countries which
adopted the vaccine

Decline of Haemophilus influenzae Meningitis
in U.S. Children <5 yrs Following Introduction of
Haemophilus influenzae B Conjugate Vaccines
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Cases of Bacterial Meningitis, U.S., 1995,
by Pathogenic Agent and Age Group

Cases
2,000 r @ group B streptococcus
..... O L. monocytogenes
B S. pneumoniae
B N. meningitidis
1,500 B H. influenzae
1,000
0

<1 mo 1-23mo -8ys 1953 60r+
Age

*Schuchat et al, NEJM 1997, Vol. 337, No. 14 L
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MENINGOCOCCAL MENINGITIS

350,000 cases / year
35,000 deaths

MORTALITY 10 - 15 ©%6 (within 24-48 hours)
SEQUELAE 7 - 25 %
ENDEMIC CASES ~ 1 /7 100,000

, 1995 USA 2,800 cases
i 1997 EU 5,600 cases
Serogroups A, B, C, Y, W135
EPIDEMICS
New Zealand 17 /7 100,000 (group B)

Sub Saharan Africa >100 /7 100,000 (group A)



The Legacy of Bacterial Meningitis in infancy
BMJ 323 1-5, September 2001

Study on 1717 children surviving acute attack of bacterial meningits, compared
to a similar number of controls (numbers below are % incidence over controls by
the age of 5)

* 1.8% died within 5 years
« 20% had severe or moderately severe disability

» Learning difficulties 6.5%

* Neuromotor disabilities 7.2%

« Seizure disorders 4.6%
« Hearing problems 12.1%
« Qcular or visual disorders 9.8%

« Speach or language problems 11.1%
« Behavioural problems 8.6%

» Subtle deficits were also prevalent



Bacterial meningitis
can be eliminated within 2010

Pathogen

Hib
Pneumococcus

MenC
MenY, W, A

MenB

Vaccine Status

Available
Available

??27?7?7? The last
obstacle.....



Commensal vs. virulent behavior

Epithelial cell barrier
| Endothelial cell

Obtained from R. Moxon



Vaccines against N. meningitidis

« Capsular polysaccharide against MenA, C, Y,
W135

developed in the 1960’s

They work well in adults but induce only a primary

response, no memory, they do not work in infants
(below 2-5

years)

* NO vaccine against B



Ploysaccharides and conjugates

CRM

+

.
7

Long chain polysaccharide

CRM

W

e



MenC conjugate vaccine (---) induces high level of bactericidal
antibodies in infants. Plain polysaccharide (---) is a poor immunogen
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The MenC conjugate vaccine iIs
efficacious

» The efficacy of the MenC conjugate vaccine in the UK has
been:

* 97% In adolescents
* 92% In Infants

« Vaccination of 2mo-18 years olds prevented
 >1500 cases
« >200 deaths

« > sequelae??



No of Cases

Laboratory Confirmed Cases of Serogroup C Meningococcal Disease
(England & Wales)

140 s Cumulative Cases 1998-1999
Cumulative Cases 1999-2000
120 we Cumulative Cases 2000-2001 (to week 2001/16)
100
Immunization with
80 serogroup C
conjugate vaccine in 15-17
yr olds began on
1November 1999
60
40
20

ST 10 15 20 25 30 35 40 45 50
Week No (totals from mid-year)



N. meningitidis




Bacterial meningitis
can be eliminated within 2010

Pathogen Vaccine Status

Hib Available

Pneumococcus Available

MenC Available

MenY, W, A Development/no
technical problems
foreseen

MenB ????? The last

obstacle.....



MenB capsular polysaccharide is a self
antigen

Neuron or tumor cell §
membrane




Electronmicrographs of meningoc
vesicles

“olabbing” axtractad vesicles
reningococcus (interrradiate products)




Cuban/Norwegian OMV Vaccines
(The only MenB vaccines with efficacy data)

Outer Membrane Vesicles (OMV) are obtained by detergent extraction of
whole bacteria.
The vaccine contains small membrane vesicles containing the most abundant

proteins of the outer membrane (PorA and PorB are the main components) and
small amounts of deoxycholate and LPS (lipopolysaccharide) and some minor

proteins.
OMPs

=
——

——

-———

—
S +—class 1( PorA)

«—class 2 (PorB)
?—-class 4 (Rmp)

«—class 5 (Opa/Opc)




PorA monomer homology
model




CDC/OMP

Number of serosubtypes that would have to be
added in a multivalent OMP-based vaccine versus
percentage of N. meningitidis serogroup B sporadic
disease coverage in the U.S., 1992-1998

9 P1.7,13
10-P1.4

11- P1.9
12-P1.6
13-P1.13
14-P1.74
15-P1.15
16- P1.5,10
17-P1.3,6
18-P1.18
19-P1.10
20-P1.3
21-P1.,515
22-P1.7.3,6
23-P1.12
24-P1.12,13
25-P1.12,18
26-P1,19
27-P1.19,14

%o coverage
(o)}
O

>
o

15
number of serosubtypes
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Conventional vaccine development failed to
provide an universal vaccine

Cultivate Microorganism

Test
Test Immunogenicity
Convalescent
sera

AN N

Antigen \ Purify
Identify )

years Clone genes components

Immunogenicity testing in VACCINE f
animal models DEVELOPMENT






3 groups’ synergy

The Institute for Genomic
Research, USA

Chiron Corporation, ltaly

Oxford University, UK
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Reverse Vaccinology

Craig Venter and Flaire Fraiser
(May 11, 2001)



Completed genome of Group B Neisseria
meningitidis (strain MC58)
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MenB Vaccine: Genomic-Based Vaccine
Development

Reverse Vaccinology

VACCINE

lenieniuriocjericity tastirie) in
airiirnzl moclzls

Express\

recombinant
proteins DNA vaccines
/ preparation

DEVELOPNMENT

In silico vaccine
candidates

| Start From the
/Whole Genomic
Sequence




MenB Vaccine: A Genomic Approach

MenB Genome Sequencing

¢ B 9

DNA microarrays

2D gel/MassSpec High th_roughput for the identification
for conserved cloning and :
: : of antigens
proteins expression expressed
identification of MenB antigens P

during infection

VACCINE CANDIDATES




MenB Vaccine: A Genomic Approach
<

0 potential vaccine candidat
identified

proteins successfully expres
in E.coli

44 proteins purified and use
to immunize mice

355 sera tested

91 novel surface-exposed
proteins identified

28 novel proteins
have bactericidal
activity

vaccine candidates



Properties of the New Proteins

Properties of the new proteins

Antigen Remarks FACS | ELISA | Bactericidal titer
GNA33  |Lipoprotein +++ | 13,000 1/16,000
GNA992 | Outer membrane protein ++ 12,750 1/256
GNA1162 | Lipoprotein ++ 1,270 1/4
GNA1220 | Membrane protein +++ 1,000 1/256
GNA1946 |Lipoprotein +++ (13,100 1/32
GNA2001 | Outer membrane protein tet 500 1/512
GNA2132 | Lipoprotein ++ 1,700 1/16,000
GST - - <50 <1/4
oMV Mixture of proteins containing mainly PorA |++++ |260,000 1/32,000




MenB Vaccine: A Genomic Approach

Clinical trial

in E.col

355 sera te

00 potential vaccine candidate
identified

O proteins successfully express

344 proteins purified and used
to immunize mice

sted

91 novel surface-exposed
proteins identified

28 novel proteins
have bactericidal
activity

<
_ 5 vaccineléa

ndidates

18
months

24
months

Scale-up
GMP
IND
1 year




Other pathogens that can be addressed
by reverse vaccinolgy

 Malaria
e Tuberculosis
* Treponema

* Pneumococcus
« Group A streptococcus
* Group B streptococcus

« Staphylococcus

 Pseudomonas



Reverse vaccinology for viruses

Due to their small size, viral genomes have been
avallable for more than two decades

however, the approach to vaccine development has
been conventional: only structural (envelop and core)
antigens have been usually considered for vaccine
development

Very recently the concept of reverse vaccinology has
been applied also to viruses and all encoded proteins
are being considered as potential antigens

Promising results with HIV early proteins such as Tat,
Rev, Pol, etc show that the approahch is a winner
also in this case



Gene expression in N. meningitidis
under iron starvation

In human body more than 99,9% of iron is bound to
transport (transferrin, lactoferrin) and storage proteins
(ferritin, heme-containing compounds)

For invasion and proliferation bacteria need to induce
specific pathways capable of scavenging iron from the
host

Several Neisseria virulence genes are iron-regulated



IRON ACQUISITION PATHWAYS IN PATHOGENIC Neisseria

Iron donor Surface receptor
transferrin TbpA, TbpB
lactoferrin LbpA, LbpB

Haem, Haemoglobin (Hb) HmbR and HpuA/B
Hb-haptoglobin (Hp) HpuA/B
Haem-Haemopexin Not utilizable
Haem-albumin Not utilizable
Siderophores FrpB (homologue to
from other ferric enterochelin

bacteria receptor fepA)




Extracellular
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MECHANISM OF Fur REGULATION

Inactive Fur Repressor Active Fur Repressor

—_—
TTGACAGATAATGATAATCATTATCTATAAT — TTGACAGATAF I TATCTATAAT
35 -10 ) -35 -10
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GENES AFFECTED BY IRON STARVATION
UP-REGUTATED GENES

Iron acquisition and transport mainly via transferrin and lactoferrin
pathway

* Pilus assembly and modification

» Quter membrane proteins

» Oxidative stress response and other stress responses

* Energy metabolism genes (glycolysis, TCA cycle)

» Transcriptional regulators

» Hypothetical genes

DOWN-REGULATED GENES

* Cell wall biosynthesis

* Protein synthesis machinery
« Quter membrane proteins

* AA transport

 [ron storage

 Electron transport

* RNA processing



froA

tbpA

fur

fop

tbpB

iroA

IbpA

hmbR

froB

Neisseria
consensus

Escherichia coli
consensus

GATAATTAATTTATT

ATAATGATAATCATTAT

GATAATCATACGCTTAAGC

GATAATAACAAA-TTTAAAA

AATAAATAAAATAATAATC

AATAATGATGGGAAA--TC-TC

GATATTGAAAATGAAGTTG

TTAAATATTAATGATTATCA

AAAAATAATTATTATTATTTTTT

GATAAT-ATAATAATTATC-TTT

GATAATGATAATCATTATC

263 regulated genes

L

211 transcriptional
units

3

77 Fur boxes (13/21
matches )

Experimental confirmation
(EMSA)



Conclusions ¥

« 263 Iron-regulated genes were revealed by microarray
analysis

* New iron-dependent genes regulated by Fur have been
Identified

 (including hypothetical genes)
* Fur acts as positive and negative regulator in N. meningitidis

» Gene expression profiling is a good predictor of Fur-
regulated genes

*51% of genes up-regulated during iron starvation are
predicted as

 surface located, potential vaccine targets



1. BACTERIA GROWN UNDER IRON STARVATION

2. BACTERIAADHERING TO EPITHELIAL CELLS




Interaction of N. meningitidis with an
epithelial monolayer

PilC + bundle
forming pili

Localized

Diffuse adherence (loss of adherence

piliation, intimate attachment)



Microarray identification of genes induced
by meningococcal contact with epithelial cells

A 4



Regulated gene families Epithelial cells Endothelial cell

16HBE14 CHANG HUVEC

| | |
Unknown proteins 54 2 87
lron acquisition, 2 1 3
storage and mobilization
Transporter (AA, sulphate, 8 6 7
unknown solute)
Sulphur methabolism 0 0 0
Pathogenesis (pilus and 5 2 15
capsule regulation, adhesins)
Toxin production and 1 0 2
resistance
Transcriptional regulations 0 0
Detoxification proteins 1 0 0
Energy methabolism 8 14
Protein synthesis 10 3 44
Transposases 8 0 19



SUMMARY OF DNA MICROARRAY ANALYSIS

347 GENES ALTERED THEIR TRANSCRIPTION LEVEL ONCE

-GENES ESSENTIAL FOR CELL DUPLICATION (down-
regulation of genes involved in protein and nucleotide synthesis,
cell wall septation and synthesis, ATP synthase F1 and FO subunits)

-ADHESION GENES

- HOST-PATHOGEN CROSS-TALK GENES (up-regulation of
transport machineries including iron, chloride, amino acids,
ammonium and sulfate)

-AMINO ACIDS AND SELENOCYSTEINE BIOSYTHESIS

-DNA METABOLISM GENES (methylases, nucleases, transposases,
ligases, helicases)

- OTHER GENES (kat, gapA-1, dsbA, etc.)



Previously unrecognized antigens are
discovered by microarrays
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CONCLUSIONS 2

1 ADHESION INDUCES A SUBSTANTIAL MODIFICATION IN
MenB MEMBRANE COMPONENTS

2. DNA MICROARRAYS COUPLED TO FACS ANA-
LYSIS USING BA CTERIAL PROTEIN ANTISERA
IS AN EFFECTIVE APPROACH TO FOLLOW
MEMBRANE RE-MODELING

3. AVAILABLE ALGORITHMS ARE NOT INFALLIBLE, AND
PROTEIN COMPARTIMENTALIZATION HAS TO BE
EXPERIMENTALLY CONFIRMED






THE YIN AND YANG
OF A BACTERIAL TOXIN

; .
delivering

T cell

.vaccines

P. Sebo PRAGUE

Institute of Microbiology



Bacterial protein toxins are “smart, pretty and useful”

FORMERS i i NUCLEUS

e, ¢

You will not ﬁnd a cellular process that is not a target of a toxin...




So:
Drugs from Bugs...



Without Adenylate cyclase toxin
Bordetella pertussis is avirulent

- '~‘-“. R,
2 et “'.
Colonisation of respiratory epithelium by B. pertussis
www.textbookofbacteriology.net



RTX proteins are
secreted by a type | system...

>100 uM Ca?*

Inner membrane

Need to unfold and refold
on the way to target...



Adenylate cyclase toxin - cytolysin

AC domain RTX hemolysin moiety

Principal CD11b/CD18

T25 T18 binding segment
< < > —>
1 400 500 700 1000 1706
v T [ TITI0 11 N9 1 N S
I Il CBS Il Hydrophobic 42 calcium binding repeats Secretion
segments X-(L/N/F)-X-G-G-X-G-(D/N)-D signal

2
Palmitoylation
on K860 and K983

Guo Q. et al. (20005) EMBO J. 24, 3190-3201



ACT targets myeloid phagocytes bearing
ay B, Integrin CD11b/CD18

' I-like
L D). Domain

I-Domain

NQONG + B, subfamily

i", N - complement receptor 3 (CR3),
gllr(‘;p;‘.llcr , MGC"]., MO']., asz
monocytes, granulocytes,
- macrophages, NK cells,
| 4 neutrophils and dendritic cells,
| § certain B cell subtypes
QOO0 | cukocyte
(O00E0MIIITT poma
PRRRRRD OB BRRR
OOOO0O0 CRDOOOO
GFFKR "

-,

o subunit P subunit Guermonprez et al. 2001, J Exp. Med.



ACT also is a lectin...
binding of ACT to CD11b* is decreased by deglycosylation

100 B CHO-CD11b/CD18 <100
BJ774A.1 <
H (@]
g 30 0 Human neutrophils __g 80 -
c
S 5
S 60 o 60°
£ <
o €
| * o) i
é 40 i S 40
O * A
i * * @) i
20 —_ —— = 20
C
<
0; *~ 0 *~
s F gF 5 & § L N & 3
> £ Q O > > £ Y O >
Q QO Q O
& S < $ & 'S < $
o & < § o £ Q S
< & ~ 5 > R
S S

Morova et al. (2008) PNAS 105, 5355



Construction of CD11c harboring residues 342-424 and/or 614-
682 replaced with homologous segments of CD11b

CD11b

CD11c

CD11c342-
424CD11b

CD11c614-
682CD11b

CD11c342-424+
+614-682CD11b

424 614 682
Radim Osicka



Combination of residues 342-424 and 614-682 of CD11b is
sufficient for the full binding capacity of CyaA and intoxication of
target cells by cAMP

i
(@]

S
o
£
o
= 60
o
>
@)

N
(@]
1

Radim Osicka



Selectivity of ACT for the given p2
integrin is dictated by two

CD11b-specific segments ...



Mode of action of ACT
adenylate cyclase toxin— Cytolysin

FE> JBats

B3,-integrin ‘ﬁ

Intoxication receptor
‘eDis) Do
) ) 5 4 ;
D [ohacT @ D

& ®
Translocation @

ATP cAMP precursor

Channel Oligomeric
precursor —— ™ Cation-selective
Channel
Osickova et al., (1999) J. Biol. Chem. 274, 37644
Fiser R. et al.(2007) J. Biol. Chem. 282, 2808
Basler et al., (2007) J. Biol. Chem. 282, 12419



me YANQ: ACT as a SWIFT SABOTEUR

low ACT (CyaA) concentrations make a difference on respiratory mucosa...

a Macrophage
Mucus layer
- L [T 7 —
Respiratory Ciliated cells Nonciliated cells Cilliated cells
epithelium .
@ @ iGotft ceJIIs, Abfgptlve ceII‘s)
- Submucosa \L
& olL-6 °
B.pertussis ° & o
‘ secreting CyaA \/ e
Immature 2
dendritic cell * Macrophage
) Neutrophil
ATP  cAMP CD11b/CD18 Channel formation
Intoxication 2 —
T cell
Phagocytic functions
Phagocytosis
Superoxid production "__jl_B
1 IL-12, TNFa, CcCL3
Dendritic cell
T IL-10, IL-6, IL-1beta, IL-17 Neutrophil B cell
(Semi-mature state of DC ?) Apoptosis Macrophage ce

l Cell lysis

T regulatory response ?

Osickova et al., (1999) J. Biol. Chem. 274, 37644)

Vojtova et al., 2006, Curr. Op.. Microbiol. 9, 69-75



Bordetella adenylate cyclase toxin hijacks its 3, integrin
receptor into lipid rafts to accomplish membrane
translocation in two steps

H ,‘ ‘translocation

aft ; intermediate’

R Errastll FRARAAARARARE )i
IS AN i JUY

receptor binding Ca2* influx mobilization of CyaA into raft

membrane insertion = talin cleavage e translo::rt:;c;r; ﬁ:;:;i:omai"

Bumba et al. (2010). PLoS Pathog 6(5): e1000901.



THE YIN
OF A BACTERIAL TOXIN™




Make ACT to a tool of the iImmunologist:

» ACT targets the a,,3, integrin CD11b/CD18

specifically present on professional antigen presenting
cells:

- dendritic cells
- macrophages

 Use DETOXIFIED dACT- AC  to a novel tool for
antigen delivery to dendritic cells:

—for vaccination against infections
—Immunotherapy of certain tumors
—diagnostics of infections and cancer

Exploit for antigen delivery to DCs...



dACT as a novel antigen delivery tool

« epitope insert

epitope insert —

5% =

dACT B,integrin dACT

receptor

CD11b/ "’h

< 29 CD18 g C xR @ie!.
6 ]l

Channel formation
Tlrr?t%SI%%cgls%rI] in plasma membrane

Lysosome
y Endosome
Antigenic Endogenous -
peptides Proteasome antigen (CD11b
CD18)
. Antlgenlc
Tr_anspo_rter assoma@ed peptldes
with antigen procesing
-
\ Endo_plalsmatlc MHC 11
reticulum peptide
—_—
MHC | -
¢ Golgj l
Proteasome processing ' Receptor mediated endocytosis
TAP transport to ER endosomal processing
MHC I binding cha+ MHC 1l binding
Epitope presentation on T cell

Epitope presentation on

MHC class | molecul
C class | molecules MHC class Il molecules



Antigen delivery by dCyaA allows induction of specific CTL reponses

CyaA w.t.
(8]
100 - 50+
2 2
2 £ a0+
S 75+ o
= =1
g g 304
& 50-
P & apo
[} [-]
¥ 254 1ol
0 - 0~
0.8:1 3:1 10:1 30:1 80:1100:1 6251 1261 25:1 50:1 100:1
E:Tratio E:T ratio
| CyaA224LCMV |
[0]
100 5 50
= =
2 5. 2 404
g &
E g 304
Z 504 2
. & 201
= S
S M * 10
0 T T T T T T 04
0.3:1 3:1 10:1 30:1 60:1100:1 6251 1251 251 50:1 100:1
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|CyaA224LCMV-E5 |
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Saron, M. F. et al. (1997) Proc. Natl. Acad. Sci. USA 94, 3314-3319



Immunization with CyaA-LCMV affords protection
against a lethal challenge by LCMV

A. DAY 28

Percent Survival

0 25 50 75 100

LCMV/Arm — 24124
CyaA224LCMV+alum &\\\\\\\\\\\\\\\\\\\\\\s 23/24

i A g ] T AT AT
CyaA224LCMV-E5+alum | :Lﬂ‘ ST i b 16/19

CyaA w.t.+alum 0/18

PBS+alum 0/20

B. DAY 63

Percent Survival

0 25 50 75 100

LCMV/Arm — 10/10
CyaA224LCMV+alum &\\\\\\\\\\\\\\N 14/15

CyaA224LCMV-E5+alum : 8/10

CyaA w.t.4alum 0/13

Saron, M. F. et al. (1997) Proc. Natl. Acad. Sci. USA 94, 3314-3319



dCyaA constructs allow induction of

POLYVALENT

CD8* CTL responses

Insertion point CTL induction

SSLAHG!” VR-V3-LCMV-OVA-VH 1¥HTAVDL ~ +++
LKEYIG VR-V3-LCMV-OVA-VH 3¥QQRGEG ~ +++

SEATGG?? VR-V3-LCMV-OVA-VH 28LDRERI  +++

Mice are protected against an LCMV challenge

Fayolle et al. (2001) J. Virol. 75, 7330-8



Tumor area [mm?]

200

Prime/Boost Immunotherapy of HPV16-induced tumors
by combimations of CyaA-E7 and MVA-E7 vaccines

(higher challenge dose)-

150+

100+

501

200

150+

1004

501

04
0

PBS +/PBS 7/7 CyaA336/E7 + PBS 5/8| |PBS + CyaA336/E7 7/8
*P=0.03 n.s. P=0.2
CyaA336/E7 + 0/8 MVA-SigE7LAMP + 2/8| |CyaA336/E7 + 2/8

MVA-SIgE7LAMP ***P<0.0001
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Mackaova et al. (2006) Cancer Immun. Immunother.55, 39-46



Therapeutic vaccination with recombinant HPV16-E7 CyaAs
allows eradication of established tumors and mice survival
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Experimental vaccination against malaria

Transmission
10 mosquito

liver stage — circumsporozoite protein (CSP)

- few days, asymptomatic replication of the
parasites within hepatocytes
— blocking antibodies against sporozoites

— CTL response against infected hepatocytes

blood stage
* replication of the parasites within the
erythrocytes
» causes pathology of the infection
— blocking antibodies against merozoites and

gametocytes



Induction of protective immunity
against mouse malaria

Mice immunized with: infected % protection
PBS 10/10 0%
a-CTLA-4 5/5 0%
ACT-CSP 9/9 0%
ACT-CSP + o-CTLA-4 4/10 60%

— prime/boost immunisation with ACT-CSP does not induce protective immunity

— blockade of CTLA-4 during boost immunisation leads to significantly enhanced

protection against P. berghei challenge
Tartz et al., 2006, Infect. Immun.



dACT allows induction of antigen-specific T cell responses

CD8* Antigens
OVA

LCMV

Apa, Cfp

gp120

E7

CSP

Melanoma tyrosinase
ESAT-6, CFP10
TB-10.4

Sebo et al., 1995, Infect. Immun.

Fayolle et al., 1996, J. Immunol.

Saron et al., 1997, Proc. Natl. Acad. Sci. U.S.A.
Osicka et al., 2000, Infect. Immun.

Fayolle et al., 2001, J. Virol.

Loucka et al., 2002, Infect. Immun.

Schlecht et al., 2004, J. Immunol.

Mackova et al., 2006, Cancer Immunol. Immunother.

Tartz et al., 2006, Infect. Immun.,

Wilkinson et al. 2005 Infect Immun.

Anderson et al. 2006 Am. J. Crit. Care Resp. Med.
Majlessi et al., 2006, Infect. Immun.,
Hervas-Stubs et al., 2006, Infect Immun

CD4* Antigens

MalE

MAGE

ESAT-6, CFP10

TB-10.4

Ag85A

HIV, LCMV in vitro
HIV
LCMV in vivo
permisive sites
polyvalent CTL response
CD4* T cell response
Mechanisms
Tumor immunotherapy
protection against malaria
Improvement of LTBI detection
Improvement of LTBI detection
IFNy and immunity against MTB
IFNy and immunity against MTB



- Company

- Products - Therapeutic Vaccines

GENTICEL has selected the prevention of cenvical
cancer as the medical target to demonstrate the
safety and efficacy of its unique therapeutic vaccine
platform, the Adenylate Cyciase (Cyad)

The strategic goal of the company is to
ensure that a vaccine solution can be
offered te all women in order to prevent
cervical cancers.

Praventive HPV vacomes are indicated for
individuals, mainly tmaﬂcm young women,
o oncogenic

* Human Papillomavirus - Investors - Jobs - Contact

+ Approval for clinical trinl of
ProCervix
July. 23 2010

Genticel's therapeutic vaccine, ProCenvix,
amed at preventing cervical cancer in
patients already infected by human
papillomavirus (HPV), receives dlearance
to start a Phase | dlinical trial.

Press releaseo

< ke vaccin ProCervix autorisé en
I essai

July, 23 2010

Genticel annonce que ProCenvix, son
vacein thérapeutique desting a prévenir le
cancer du col de |'Utérus chez les patientes
infectées par le virus du papiflome humain
(HPV), a recu 'autorisation d'entrer en
essai clinigue de Phase |

Communigus de presss

Genticel secures EUR 13.1M (USD
17.7M) In capital funding

March, 08 2010

Prage Raloase



dACT as a novel antigen delivery tool

« epitope insert

epitope insert —

5% =

dACT B,integrin dACT

receptor

CD11b/ "’h

< 29 CD18 g C xR @ie!.
6 ]l

Channel formation
Tlrr?t%SI%%cgls%rI] in plasma membrane

Lysosome
y Endosome
Antigenic Endogenous -
peptides Proteasome antigen (CD11b
CD18)
. Antlgenlc
Tr_anspo_rter assoma@ed peptldes
with antigen procesing
-
\ Endo_plalsmatlc MHC 11
reticulum peptide
—_—
MHC | -
¢ Golgj l
Proteasome processing ' Receptor mediated endocytosis
TAP transport to ER endosomal processing
MHC I binding cha+ MHC 1l binding
Epitope presentation on T cell

Epitope presentation on

MHC class | molecul
C class | molecules MHC class Il molecules



Even the AC- toxoid can exhibit immunomodultory activity
through calcium signaling, cell permabilization
and inflammasome activation and other?...

S SR

.. B,-integrin
Intoxication receptor

(CD11b/
CD18)
: ZE Ok
= ~ = Cytoplasmic membrane
< ®
Translocation
no cAMP recursor : :
P Channel Oligomeric
recursor — " Cation-selective
Osickova et al., (1999) J. Biol. Chem. 274, 37644 P Channel

Osickova et al. (2010) Mol. Microbioal. 75:15450-1562 Inflammasome
activation!!!
Dunne et al. (2010) J. Immunol. 2010, 185: : 1711-1719

Fiser R. et al.(2007) J. Biol. Chem. 282, 2808



Inflammasome activation by ACT is dependent

on pore formation and potassium efflux, not cCAMP
A B
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Dunne A. et al. (2010) J. Iimmumnol. 185: 1711-1719



Activation of the NLRP3 inflammmasome in dendritic
cells induces IL-1B—-dependent adaptive immunity
against tumors

The therapeutic efficacy of anticancer chemotherapies may depend on dendritic cells (DCs), which
present antigens from dying cancer cells to prime tumor-specific interferon-y (IFN-y)—producing T
lymphocytes. ...dying tumor cells release ATP...triggers the NOD-like receptor family, pyrin domain
containing-3 protein (NLRP3)-dependent caspase-1 activation complex (‘inflammasome’), allowing for
the secretion of interleukin-10 (IL-1B).

The priming of IFN-y—producing CD8+ T cells by dying tumor cells fails in the absence of a functional
IL-1 receptor 1 and in Nlpr3-deficient (NIrp3—/-) or caspase-1—deficient (Casp-1-/-) mice .... the
NLRP3 inflammasome links the innate and adaptive immune responses against dying tumor cells.

Ghiringhelli and ..... Laurence Zitvogel (2009) Nature Medicine 15, 1170-1179



CyaA versus CyaA-AC- induced maturation
of BMDC: costimulatory molecules

CyaA 10 ng/ml

CyaA-AC- 250 ng/ml

% MFI

1000 -

800 -

600 -

400 A

200 +

IA-IE

DC maturace 24h

B DC

OLPS 100 ng/ml

@ CyaA 10 ng/ml

O CyaA-AC- 10 ng/ml

CD80 CD86 CD40

DC maturace 24h
EDC

OLPS 100 ng/ml
@ CyaA-AC- 500 ng/ml
1200 + 0O CyaA-AC- 250 ng/ml

1400 -

1000 -

800 -

% MFI

600 -

400 -

200 -

IA-IE CD80 CD86 CD40

* cAMP effect

* phenotypic maturation of DC

* but proinflammatory cytokines missing!
(IL-12, TNF-a)

* induction of tolerogenic T cells ?

e Ca?" influx — signalling in DC ?

o K* efflux — activation of inflammasome ?
¢ toxoids for immunization

* importance of adjuvant effect
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Cytokine / chemokine profile

simulation 4 Mouse inflammation antibody array ¥ inhibition
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GM-CSF differentiation factors
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Current status of dACT-antigen delivery technology

1997 - Protective immunity against a virus (LCMV)

1999 - Immunotherapy of transplanted tumors in mice

2004 - Enhanced detection of latent tuberculosis

2005 - Protective immunity against Plasmodium (mouse malaria model)
2005 - immunotherapy of experimental tumors (such as HPV16 — induced)

(US Patent No. 5, 503 829, No. 5,679, 784 No. 5,935,580, EU Patent application No.

It flies or It dies??2?

Tell you next time ....

 Phase I clinical trial for HPV16/18-induced cervical carcinoma started
July 7, 2010 by Genticel S.A. Toulouse France

« Phase I/ll clinical trial in melanoma patients starts soon Eus.Fp consortium
THERAVAC)
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dACT as a novel antigen delivery tool
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