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-
Types of Vaccines =5==2

- Oral polio vaccine (OPY)

- Measles
Whole-Inactivated Virus Vieus Live sonnated - Rotavirus
- Yellow fever

Inactivated (killed antigen)

- Wholecell pertussis (wP)
- Inactivated polio virus (IPV)

i~y Subunit (purified antigen)
peotoen

- Acelluiar pertussis (aP),

Reconbinant - Haemophilius influenzae type B (Hib),
A by BN - Pneumococcal (PCV-7. PCV-10. PCV-13)
genes) - Hepatitis B (HepB)
Toxoid (inactivated toxins)
oA - Tetanus toxoid (TT),

(cares veal gerns) Vieus b partcies - Diphteria toxoid



Why a Better Way to Make Vaccines?

 Clinical need
a More effective therapeutic vaccines
* Chronic viral infections
* Cancer
- Allergy
o Rapid responses to emerging infectious diseases
* Chikungunya/Zika
« Ebola/Lassa
* MERS/SARS CoV
e Economic reasons
o Expensive
* Vaccine-specific design and empirical testing regimens
« Complex biopharmaceutical manufacturing processes
* Arduous regulatory pathways
» Big Pharma don’t like making new vaccines
a Opportunities for innovative approaches and niche applications



ChimeriVax Technology

Yellow fever 17D genome cloned as cDNA
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containing immunizing antigens

RNA replicative
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The propriety SCV platformtechnology developed with
Sementis Ltd.

.r
& » Allergies
e Vaccine Delivery Vehicle (SCV Vector):
“Genetically crippled smallpox vaccine that can be
engineered to make ANTIGENS from disease
targets to raise immunity to that disease”
¢ ¢ Totally attenuated vaccine vector system
= . oV T < : _
< . Manufacturing Cell Substrate:
é Infectious Oncology éiv

Diseases “The CHO biotechnology friendly cell substrate

engineered to produce the SCV vector”

- an's A first for the production of vectored vaccines!
b New Ideas

Declared COIl: JD Hayball holds shares in
Sementis Ltd and sits on the SciAdBrd



How does the SCV platform work?

Smallpox Vaccine SCV Vaccine
(Live replication competent) (Live NON-replication competent)

e e’

Vaccination

Smallpox vaccine SCV vaccine

Vaccination

Viral genome replication
(gene amplification)

Viral genome replication
(gene amplification)

STIMULATION
HIGH level antigen production - of

STIMULATION
High level antigen production - of
Immune response

Immune response
Viral assembly

Progeny virus

Arrested progeny
Virus production

-

= Amplified infection cycle Aim to preserve genome replication

That leads to gene amplification

Vaccine complications That gives excessive antigen production!
(death rate 1-in-million) ‘

Primary Vaccination Site Reaction




SCV does not multiply in human and mammalian cells lines

A study was carried to show that SCV does not multiple or propagate in
cells derived from key organs of the body after deliberate infection:

_ (Parent of SCV)

Human
Human Bone cell 1438 Bone

Cells

Human Lung cells

Human

High Yields of virus No virus MRC-5  Lung

Human Kidney cells )
(as expected) production! Cells

Human Skin cells
Human

HEK-293  Kidney

Human Cervical cells Cells Ao
Human
A431 Skin

Cells

Human
Hela Cervical
Cells



SCV Technology — Safety
(biodistribution in immunocompromised mice)

Average Body Weights + SEM Survival Plot
(n=9 per treatment group) (n=9 per treatment group)
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ScV Cfntry ) Uncoating —Viral Genome ReplicaD
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SCV cell substrate for manufacturing

SCV Production CHO Cell Line

(Gene Amplfication)

. CHO-hr protein
Expression

Phase Nucleus

CHO-hr gene

+Assembly gene

Trans-Golgi
wrapping

Late

Expression
Phase

.

Assembly Protein

¥
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Assembly

Infection with SCV

(Totally attenuated SCV expressing
Red Fluorescent Protein)

CHO

SCV Rescue cell line

Sementis’ SCV-cell substrate for manufacturing was derived from GMP produced CHO-S cell line :

Sourced as a GMP produced batch of CHO-S from Life Technologies (also known as ThermoFisher
Scientific), Cat # A1136401, royalty free, one off licence fee per field, ie, infectious diseases,

immunotherapeutics

Suspension cell line — suitable bioreactor production

Cultured in serum-free chemically defined medium, eg, CD-CHO medium from Life Technologies, Cat #

10743029



The Test Case: Chikungunya virus vaccine

Headache

Eye Pain

Musclé
Ache&;

Joiné
Pain.,



How our SCV-CHIKV vaccine works

SCV-CHIKV
vaccine

Vaccination

Viral genome replication
(gene amplification)

STIMULATION
of anti-CHIKV
Immune response

High level CHIKV-antigen production

BOOSTING

) of anti-CHIKV

Immune response

Arrested progeny
Virus production

Non-infectious
CHIKV-VLP




A single shot of SCV-CHIKV protects mice against
viraemia and virus induced arthritis

Immunisation with Chikungunya vaccine protects SCV-CHIK vaccine induced foot swelling (arthritis) after

against Chikungunya virus challenge viraemia Chikungunya virus challenge
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A single shot of SCV-CHIKV still protects mice
one year after vaccination

Immunization with SCV-CHIK was fully protective Immunisation with SCV-CHIK protects against

against Chikungunya virus induced foot swelling 1 Chikungunya virus challenge viraemia 1 year

year after vaccination after vaccination
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40 5+

£ -3
1

SCV305-107 pfu/mouse

SCV301C-107 pfu/mouse
=& PBS-Placebo

304
SCV305-10" pfu/mouse

SCV301C-10" pfu/mouse

Log,4y CCIDsy/mL +SEM
[£-)

£

2

S

>

=

E 204 = PBS-Placebo

] 21

2

c

"= 10+

: A . |

[H] —

3 2~ T

c 4 /

::? 0._ — _.-' r T T 1 0 1
= <+ ™= 5 10 15 20 0 2 4 6

Days Post Challenge

Days Post Challenge
104



Summary |

SCV is replication-defective in vitro and in vivo - safe
vaccine platform

A stable rescue cell line derived from biotech-proven CHO
cells provides for scalable commercial vaccine production

SCV-CHIKV vaccination elicits single shot protective
immune responses which last for at least one year

® Liu et al, BioTechniques, 2017.
® Eldi et al, Molecular Therapy, 2017.



Baby with Typical Head Size

-===~_ Typical
4 ~ head size

Baby with Microcephaly

_ -~~~ ~_ Typical
£ ~ head size

Baby with
Severe Microcephaly

The Zika virus outbreak-a new challenge
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No vaccines or approved therapies

Co-circulates with chikungunya
o What about dual vaccine?



How our dual SCV-CHIKV+ZIKV vaccine works

SCV-CHIKV+ZIKV vaccine

Vaccination

Viral genome replication
(gene amplification)

High level ZIKV-antigen production of anti-CHIKV

‘ Immune response

STIMULATION ieh level . ducti STIMULATION
of anti-ZIKV d High level CHIKV-antigen production
Immune response ‘ -

Enhancing Enhancing
of .of
anti-ZIKV Arrested progeny anti-CHIKV

Immune response  Non-infectious Virus production  Non-infectious | MMune response

ZIKV-VLP CHIKV-VLP



A single dose of SCV-CHIKV+ZIKV protects against

infection with both diseases
in C57BL/6 mice

in IFNAR mice

Protection against viraemia
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ZIKV Natal mouse model of foetal brain infection in
IFNAR-/- x IFNAR-/-mice




A single shot vaccination protects against detrimental
foetal outcomes
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A single shot vaccination protects against testicular
damage
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Summary i

SCV-CHIKV+ZIKAV vaccination elicits single shot protective
immune responses

Protects pregnant mice and their offspring from ZIKAV infection

Protects the testis of male mice from ZIKAV infection-mediated
damage

No immune interference between CHIKV and ZIKV vaccine antigen
expression nor booster responses (data not shown)

Prow et al, Nature Communications, 2018.

US NIH/NIAID-sponsored NHP challenge study, July/August 2018.



Indicative SCV Vaccine GMP scale up and
Phase | Timeline cost $2.5M AUD

Process development

GMP Preparation

Vaccine Batch Production

Vaccine Biosafety Testing

Toxicology
R ——

Phase 1 Prep

Phase 1 Trial

2017 WEEe Apr Jun Aug Oct | Dec | ;Et; g | Apr | Jun | Aug | Oct | Dec

} Jan 2019
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A new SCV-based vaccine to treat and prevent peanut allergy?
AAAAAAAAAAA

2 K2 K2 (2 K2 %2 %) 2 %2 O ©

food allergy affects about 1 in 10 infants

Studies reporting Food Allergy Prevalence
in preschool children < 5 years

e — 15 B Japan
—_— 9T ——
,,,,,, N O e
. — Published data onl n= 10 = Us
o — walableous gD
P 16/89 countries { o
‘g‘ ue - (those with not data not shown) (WlY)) 5 [—
g e [E =2
"""""" . Il OfFC proven food allergy
U;::L:‘ [ Symptoms and sensitisation O T T T
“‘m:m F [ Parental reporting 2018 2020 2025
’ Foo:AIIergy Prev;llince in childrlesng.'\vears ”
s Peanut allergy: high prevalence By 2025:
in Australia “*Projected 8 million peanut allergic
L/ H . .. . .
*+3% of children are peanut individuals in the 7 major markets
allergic < Projected market size of 11.3billion USD

+» Of which, 80% remain allergic
for life



Current treatment: total avoidance

THIS SCHOOL IS WARNING

PEANUTS AND PEANUT
DUS&VERYWHERE

How to Avoid Severe

/ ‘\ Allergic Reactions
| FREE (hile Travel ing
PR“\\TA BLYEG\( ( .

FOOD ALLERGY

\GN> NOTICE
PLEASE BE ADVISED THAT
FOOD PREFARED HERE MAY

CONTAIN THESE INGREDIENTS:

THANK YOU MILK, EGGS, WHEAT, SOYBEAN,
PEANUTS, TREE NUTS, FISH

for keeping our school safe! AND SHELLFISH

please ask my Mom or Dad before
offering me food and treats! ‘ Y.




Current treatment: EpiPen adrenaline

Markets Wl Chart of the Day

EPIPEN PRICE UNDER MYLAN

$700

$600

$500

$400

pTENTNAME. ——

ADDRESS —— o
& T The more specific the prescription,

the greater the likelihood the
/ pharmacist will fill it as intended

$300

5/13/07: Mylan announces
$200 purchase of Merck's generics
unit, including EpiPen

$100

P\-cSC\"‘F“““"

$0 * +

Feb'07 Feb'08 Feb'09 Feb'10 Feb'11 Feb'12 Feb'13 Feb"14 Feb'15 Feb'16 Prescribe an EpiPen 2-Pak® for each

SOURCE: Truven Health Anaytcs location where your patient may need

BUSINESS INSIDER immediate access
“HOME” “SCHOOL”
d “WORK” “GYM BAG”
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Desensitization-oral immune therapy

* Intense and costly administration of allergen

* Requires maintenance

* Benefit not a long term solution

* This treatment has safety concerns and is not approved by the FDA

* Sub lingual oral immunotherapy at home, 3 years duration (dust mite and
pollen) compliance as low as 7%

Maintenance

Build-up
et T € T 1
Allergen
administration 2 to 5 years

Symptoms

27



Allergic reaction are T cell-mediated diseases

Non allergic status

Thl

Th1l molecules

% 'FN‘Z Mast cells and basophils
4 Y

CD4 T celigPs® B ceIIY % Y Y%‘&

] . i @
. .EE‘ @ %%gv

°° % % %

Antigen-presenting cell " 1
Peanut-specific IgE
Th2 molecules
IL-4 . ®
Allergic status ° .‘°
o ° . .
1 Th2 «%e *°., Histamine
° .o 0. (X *
°e *.* release
) ‘. °

Allergicresponse <+—"° ¢ ¢% ¢



Permanent desensitization by re-educating
the allergic T cell response?

\. desensitization /
A gy N
tolerance
Allergic status Non allergic status

m1 Th2 Thl
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How do we introduce a Thl bias to peanut antigens ?

* Response to vaccinia virus infection is usually dominated by a Th1 response

* SCV expressing the major peanut antigens as ubiquitinated multi-antigens
SCV-Peanut hypoallergenic vaccine (SCV-PHAV)

A SCV infection (host cell B SCV-PHAV vaccination (host cell)
SCVé Entry ™ Uncoating ™ Viral genome ‘ SCv JEntry# Uncoating ™= Viral _gen.ome\
replication -PHAV replication
Late Gene Late Gene
Expression Expression
AD13L Th1 biased hIFNg / - .
— Peanut- specific Peanut antigens —
\ No SCV assembly immune responses No SCV assemby




Exploratory study of prophylactic SCV-peanut
allergy vaccine in sensitized mice

Comparison of the cytokine profiles that signal TH1 and TH2 responses for
groups of five mice vaccinated with SCV-peanut allergy vaccine or placebo

Relative cytokine response

Response to peanut challenge

B Placebo B Vaccine

IFN-gamma

IL-5

IL-4

IL-2

IFN-y is central to TH1
IL-5 is specific for TH2
IL-4 create TH2

IL-2 secreted by all proliferating
T-cells

Results show that after
vaccination, the immune
response to peanut protein is
TH1 specific



Confirming vaccine mechanism of action using APC and

total T-cells from blood of a peanut allergic individual
Methodolog

Infection of APCs ﬁ

Derived APCs With
Peanut-Allergy Vaccine
APCs
Isolation and Culturing Vaccine infected APCs Stimulation T-ce.II cytok;.Te.
Blood Samole of Mix with of secretlontpro ile mt

From Peanut T-cells allergen exposure

Allergic
Individual ‘

IFNg IL4
secretion secretion

Ratio of secretion is a
measure of Th1/Th2 bias
induced by peanut allergen
exposure to vaccinated-APC
activated T-cells

32



Th1/Th2 profiles for SIX peanut allergic volunteer

Th1/Th2 Ratio
(IFNy/IL4 secreting cells ratio)

Th1/Th2 Ratio
(IFNy/IL4 secreting cells ratio)

Peanut Allergic Volunteer: MD (female)
Ex Vivo Th1/Th2 Profile

50+

404

304

20+

104

Peanut Allergic Volunteer: MA (male)
Ex Vivo Th1/Th2 Profile
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Th1/Th2 Ratio
(IFNvy/IL4 secreting cells ratio)

Th1/Th2 Ratio
(IFNy/IL4 secreting cells ratio)

Peanut Allergic Volunteer: JD (female)
Ex Vive Th1/Th2 Profile

Peanut Allergic Volunteer: SN (male)
Ex Vivo Th1/Th2 Profile
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104

)
-
A

&

_‘\'b

Th1/Th2 Ratio
(IFNy/IL4 secreting cells ratio)

Th1/Th2 Ratio
(IFNy/IL4 secreting cells ratio)

Peanut Allergic Volunteer: AB (female)
Ex Vivo Th1/Th2 Profile

&
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Peanut Allergic Volunteer: KD (female)
Ex Vivo Th1/Th2 Profile




Vaccine inducing Th1 efficiency in a sample population of 6
peanut allergic volunteers

The Mean Ex Vivo Vaccination Induced Th1/Th2 Profile of 6 peanut allergic Volunteers

251 p=0.013

I 1 Conclusion:

p=0.021 1. The peanut hypoallergy vaccine treated DCs
’0. — . p yp gy

induces a significant increase in a peanut-
specific Th1l response over and above the T-
cells treated with PNE-treated DCs (peanut
protein extract).

2. The peanut hypoallergy vaccine treated DCs
also induced a significant increase in a
peanut-specific Thl response over and
above the T-cells treated with SCV-vector
only DC.

Mean Th1/Th2 Ratio +SEM
(Mean IFNv/IL4 secreting cells ratio)
Increasing Th1l bias

Significance was determined using one-tailed Mann-Whitney T-test
Significance = p<0.05



Indicative SCV Vaccine GMP scale up and
Phase | Timeline cost $2.5M AUD

Process development

GMP Preparation

Vaccine Batch Production

Vaccine Biosafety Testing

Toxicology
R ——

Phase 1 Prep

Phase 1 Trial
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