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Vaccines - factive i m
Adaptive Immune System

KEY COMPONENTS OF VACCINE
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Vaccines - factive i m
Adaptive Immune System

KEY COMPONENTS OF VACCINE

Antigen comes from | o gpecific component:  the nonspecific component:
the thing you want to
destroy: cancer cell,
pathogen
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Antlg

Platform

1)Safety
2)Reactogenicity
- . 3)Immunogenicity:
En d l !O I n tS : -seroconversion:Ab
-neutralization:Ab
-CD4, CD8 Tcell




Vaccines - afactive i m
Adaptive Immune System

KEY COMPONENTS OF VACCINE

the specific component: the nonspecific component:

the Antlgen the Adjuvant

9 aép{lde """""
o MW eng vs sho

E itO )€ (antigenic determinant) = Adjuvant NOonN-

 p specific stimulation to
Targets a specific &g immune system =
antigen NNATE
= ADAPTIVE

"~ | Y Non-specific Immuno-
| Modulators = INNATE only




Harnessing the Immune System to Prevent Cancer:
Basic Immunologic Mechanisms and Therapeutic
Approaches that are Relevant to Cancer Prevention

ElIt cits a specific response fro

Focus on the Antigen!
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Vaccines to prevent cancers caused
by Infectious agents

Targets a specific
antigen
= ADAPTIVE

The infectious agent Is

Ypick the antiogen fr



HBYV Vaccine
HCV Vaccine

example of antigen(s) derived from
Infectious agents, HBV, HCV



Vaccines to prevent cancers caused by infectious agents

Pathogenesis of Hepatitis B Virusssociated Cance

Infects 350-400 millionpeople (5% world population)

Chronic HBV Carrierdncidence of HC(hepatocellular carcinoma) ranges fro
70% to 90% and nearly 100% in children

Chronié;\l—lfBV infection and high HBV DNA levels are a strong predictor for
cirrhosis{‘ and HCC (irrespective of other viral and biochemical factors)

Viral Vlral Chronlc Precancer Liver
posure - ‘Infection > Viral >
fection

—> Cancer

conditions

>

Prophylactic
vaccine




Core Protein

Focus on the Antigen!

HBYV Vaccines
hepatitis B virus

polymerase

HBV vaccing€ FIRSyaccine Ir.

How do we pick the

humans for cancer preventionlQ81) antigen/epitope to

_ _ o _ target?
-the Antigen: hepatitis B surface antigen The infectious agent

(HBsAqg) = a viral envelope protein °

Ypick the a
from this!

APre-exposure prophylaxis/prophylactic vaccine

AVaccination with hepatitis B surface antigen (HBsAg) = a viral
envelope protein i made from recombinant DNA, produced in yeast

ARecombivax HB (Merck), Engerix-B (GSK), Elovac B (Human Biologicals
Institute, Genevac B (Serum Institute), Shanvac B, etc.




DCP CONSORTIUM VACCINE

MAY2013-02-01 Therapeutic HCV vaccine

Infection associated cancer

chronic HCV iInfection

example of antigen(s) derived from
Infectious agent, HCV

no preventive vaccine for HCV



Vaccines to prevent cancers caused by infectious agents

Pathogenesis of Virudssociated Cancer

*Therapeutic from an infectious disease standpoint; :
actually prophylactic from a cancer standpoint vaccines
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DCP CONSORTIUM VACCINE

Phase | Trial of a therapeutic DNA Vaccine for

MAY2013-02-01 ___Chronic Hepatitis C Virus (HCV) Infection
Notherapeuticvaccine for HCV and HB
WHY VACCINE FAILUREPRIRED CELL RESPON

CHRONIC HCV INFECTION@UHO@dlUng

Proliferation ‘
IFN- and TNF-a }
Cytotoxicity |

Increased number of
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MAY2013-02-01 Therapeutic HCV

Infection associated cancer

SCHEMA
Phase | Trial of a Therapeutic DNA Vaccine for Chronic Hepatitis C Virus (HCV) Infection
Prior to discussing protocol entry with the participant, call the CPN Registration Office (507-284-4130)

between 8:00 a.m. and 4:30 p.m. Central Time Monday through Friday to insure that a place on the
protocol is open to the participant.

vaccine

hCMV promoter

EzmHl

pGX8005

£097 bp

Study Population (maximum n=32)

Male and female participants with chronic genotype 1 HCV infection with plasma HCV RNA >10,000 IU/ml, who are

not currently receiving HCV treatment and not in acute clinical need for HCV treatment, have no documented

evidence of cancer, cirrhosis, or extensive bridging fibrosis (Metavir 2, 3, 4), are not HIV-infected, have no other

immune-compromising illness or receiving immune-suppressing medications, are not HBV-infected.

KanR

onsensus NS3/4A
NS3

A 4

bGH polyA

NS4B

ot

Baseline (maximum n=up to 32)
Informed Consent

NS5a

DNA plasmid vaccine

!

platform

Pre-Registration (maximum n=up to 32 with a 5% ineligibility rate to obtain 30 eligible for study)
e History and physical
e Laboratory studies

y

Registration/Sequential Dose Level Assighment
(maximum n=30 for a 20% non-evaluable rate to obtain 24 evaluable for primary endpoint)
Participants will be enrolled in cohorts of 3. See Section 7.3 for details.

Vaccine administration at Day 0, Week 4 (+/-3 days), Week 12 (+/-3 days), and Week 24(+/-7 days)
INO-8000 (6 mg) alone (dose level 0) (starting dose)

INO-8000 (6 mg) with INO-9012 (0.3 mg, dose level 1)

INO-8000 (6 mg) with INO-9012 (1.0 mg, dose level 2)

INO-8000 (6 mg) with INO-9012 (3.0 mg, dose level 3)

(Note: INO-8000 is the HCV antigen DNA ; INO-9012 is the IL-12 adjuvant DNA. The HCV DNA vaccine is the combinaf

chronic genotype 1 HCV infection
w/plasma HCV RNA>10,000 IU/ml
Z
HCV genotype la/lb consensus DNA vaccine:
encoding HCV NS3, NS4A; NS4B, NS5A
Day 0; Weeks 4, 12, 24
VA
1° Endpoint: safety, AEs; immunogenicity:
change HCV-specific IFN-A (wk 26)
Translational Endpoints: virologic response
(decrease in HCV RNA level)

of INO-8000 alone or in combination with INO-9012.

Expansion Cohort

Additional participants will be randomized across all dose levels that are deemed safe until 24 participants are treated.




HPV Vaccines

example of antigen(s) derived from
Infectious agent, HPV



HPV Vaccines

human papilloma virus ->100 strains:

Some cause cancer -14 high risk R B
Some cause warts
Ccauses:
~100% of cervical cancers
+
head and neck cancers ... .

anal cancers




Vaccines to prevent cancers caused by infectious agents

VLP (L1s)

aaaaaaaaaaaaaaaaaaa

‘,\ oooooooooooo
HPV VACCINESIMAN PAPILLOMAVIRUS) * (Q -

‘}\

S == > ; Antigenic Protein

How do we pick the
PrOpI iylﬁﬁflﬁs FDA Approved HPV vaccines)  [ERtl it Rt

-the Antigen: virus-like particles(VLF from [ttt
major capsid proteins L% strain specific t'Y'hipsli ck the an
Bivalent/Quadrivalentsubunit vaccines

(HPV16 and 18 ¢ 70% of cervicatancergf Cervari®
(GSkKbivalert)

(HPV6 and 11 ¢ majority ofgenital wart9 g ardasi®
(Merckquadrivalent)

Vaccine®8%effective preventing higigrade cervical lesion:
Nonavalentvaccine (V503Vierck) (FDA approval Dec %{@grmd:

ales 9-26

HPV6/11/16/18/31/33/45/52/58 ¢Gardasil ®imales 9-15
oBivalent (HPV 16 and 18)(Xiamen Innovax Biotech Co)

(China: approved Jan 2,2020) - Cecolin  Weky (oKt




Vaccines to prevent cancers caused by infectious agents

Pathogenesis of HRXssociated Cancer
& Vaccines to Prevent Cervical Cance
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DCP CONSORTIUM VACCINE

NWU2015-06-02 HPV 9-valent/Transplant

Infection associated cancer

Transplant Vaccine

example of antigen(s) derived from
Infectious agent, HPV



Vaccines to prevent cancers caused by infectious agents

HPV¢ HUMANPAPILLOMAVIRUS

Adult solid organ transplant recipients

Immunosuppression
Increased risk of developing several malignancies,
especially causally linked tarcinogenic HPYAfection:
Sqguamous cell carcinoma of: anogenital region
[Vulva, cervix, penis, vagina]

nasgoropharynx

Engels 2011 JAMA 306:1



NWU2015-06-02 Protocol Version 3.8, July 18, 2019SCHEMA : Immunogenicity of

Recruitment
Review M@l CaTs INSTRUTONSIGNIDIES, URCOMIG CHNkC Spporrments, andiranspiant watist Discuss
study w::ho;ﬂlcg-d portic pents

-

Consent and Screening Viat
Expeced Ne3&0
Medical hizory, pregrancy tast(inwomen|

1t

Pre-Transplant Vaccine Visit 1
Targ=t N=180
= Eligibily evalustiors, enroimea, baseinemeasurements, samplecollection
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> < > J >
Transplant Surgery™
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Additional Study Visit
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»

Expected evaluable N=64

*Participants unable {o receive transplant surgery within 12 months of enroliment vall complete

I Primary endpoint: HPV vaccine-type-spacific seroconversion rate

Add tional Study

Yinits to complete their vaccine series,

Nonavalent HPV Vaccine Administered
Prior To Renal Transplantation in Adults:

A Prospective, Single-Arm, Multi-Center
Clinical Trial

Adults planning
renal transplant
Z
Gardasil®9HPVY O1 d
L1VLP Z

30 days prior to transplantation Z

Z

1° Objective: Immunogenicity:
HPV type-specific
seroconversion
at 12 months post-tx




INFECTIOUS AGENTS AND CANCER PRE

Control Infectious Agent(s)

Vaccineg; prophylactic / therapeutic
Antiviral therapy

\

Control Infection

y
Prevent Cancer



Focus on the Antigen!
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lll. How immunologic mechanisms are used in medical
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Focus on the Antlgen




Vaccines to prevent cancers not caused
by Infectious agents

Targets a specific

antigen .
— ADAPTIVE cellsY t ol er a

self vs non-self!

Selection of approprlate antlgen 74 N
< Anti Foreign,
gen Unwfemted

Antigen

The antigen is from

INn non-infection-associated cancers,
the antigens are modified normal antigens,

taken from cancer cells cancer cell

Concern iS' Prevent autoimmune

' responses ‘

We do not want the immune system to attack Tolerance
signhals
the normal cells (donot,

. But want anti-cancer

We only want the Immune system to attack g onses 40
the cancer cells, Attack 2 Eeledn

. - . Signal Antigen
which have modified normal antigens o

\-—




Vaccines to prevent non-infection associated

e. cancer: the Antigen
Anti U"{Ve'%”d . .
gen S~ Antigen Mechanism of Tumor Antigen:

ATumor Associated Antigens (TAAs)/ neoantigens

Y i s edntfg@ns or normal cellular proteins that
become immunogenic during the malignant process

A Mechanisms by which normal cell protein becomes
aberrantin cancer (N @ b n o rsmd)Ilf 0O

1-acquisition of mutations (melanoma antigen MAGE1)

2-overexpression of cancer associated
proteins (breast cancer HER2/NEU)

3-post-translational modifications (abnormal
glycosylation (colon cancer antigen MUC-1)



DCP CONSORTIUM VACCINE

MAY2013-01-01 MUC 1/Colon

Non-infection associated cancer

Colorectal Cancer Vaccine

example of antigen with abnormal
post-translational modification



Colorectal Cancer - MUC-1
Normal Mucl

Mucl Expression in Cancers:
Mucins = large glycoproteins:

O-linked carbohydrates/ polypeptide core

Oligosaccharides:

STAT3

Glycosylated MUC1  “Z7Z, wmue
Transmembrane
= /lycoprotein
Integrins -__: Extracellular
. . matrix
N a ........ 75T N
m;gﬁlg;ne gp EGF"“eptorrl |
COOH

Adaptor and

Immunohistochemical analysis
of paraffin-embedded human
colon carcinoma, using MUC1
(VU4H5)

Mouse mAD.

o

cMyc Ras / structural proteins

pes Actin

ERK A\
cyclin/cdks \ | o h'::-zoAP \ \ cytoskeleton
Pl 3-kinase !
Akt
+ Migration

Promotes



Colorectal Cancer - MUC-1

Cancer-Associated Mucins

Normal MUC-1 Mucin MUC-1 Cancer Mucin

Tumor-as
antigen

Post-tranj
modifics

Exposed core
peptide targeted
by BLP25
Liposome vaccine

Cell Surface
plasma
membrane ~
Basal Expression in normdulctal epithelial cells: Overexpressed & aberrantly glycosylateal

5 --most adenocarcinomas, inflammatory diseases,
e.g. inflammatory bowel disease (IBD)

Pancreas, Breast, Lung, Gastrointestinal tract



Colorectal Cancer - MUC-1
COLORECTAL CANCER IMMUNOPREVENTION

TARGETING MUC-1

Vaccination against MUC1 prevents the development of dysplasia and CACC. (A) Percentage of untreated

(n=13) and adjuvant treated (n=9) mice with dysplasia at 16 weeks of age.

TnMUCL1: 100-mer
dysplasia peptide (five
tandem repeats of
20T amino acid
sequence

tumors

Untreated mice-many tumors

Beatty et al., Cancer Prev Res (Phila). 2010 April; 3(4): 438 #46.



